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ABSTRACT

PURPOSE Most cervical cancers are caused by human papilloma virus (HPV), and HPV
circulating tumor DNA (ctDNA) may identify patients at highest risk of relapse.
Our pilot study using digital polymerase chain reaction (dPCR) showed that
detectable HPV ctDNA at the end of chemoradiation (CRT) is associated with
inferior progression-free survival (PFS) and that a next-generation sequencing
approach (HPV-seq) may outperform dPCR. We aimed to prospectively validate
HPV ctDNA as a tool for early detection of residual disease.

METHODS This prospective, multicenter validation study accrued patients with stage IB-
IVA cervical cancer treated with CRT between 2017 and 2022. Participants
underwent phlebotomy at baseline, end of CRT, 4-6 weeks post-CRT, and
3 months post-CRT for HPV ctDNA levels. Plasma HPV genotype–specific DNA
levelswere quantified using both dPCR andHPV-seq. The primary end pointwas
2-year PFS.

RESULTS With a median follow-up of 2.2 (range, 0.5-5.5) years, there were 24 PFS events
among the 70 patients with HPV1 cervical cancer. Patients with detectable HPV
ctDNA on dPCR at the end of CRT, 4-6 weeks post-CRT, and 3 months post-CRT
had significantly worse 2-year PFS compared with those with undetectable HPV
ctDNA (77% v 51%, P 5 .03; 82% v 15%, P < .001; and 82% v 24%, P < .001, re-
spectively); the median lead time to recurrence was 5.9 months. HPV-seq showed
similar results as dPCR. Onmultivariable analyses, detectable HPV ctDNA on dPCR
and HPV-seq remained independently associated with inferior PFS.

CONCLUSION Persistent HPV ctDNA after CRT is independently associated with inferior PFS.
HPV ctDNA testing can identify, as early as at the end of CRT, patients at high
risk of recurrence for future treatment intensification trials.

INTRODUCTION

Despite chemoradiation (CRT), 30%-40% of patients with
locally advanced cervical cancer relapse.1 Accurate prog-
nostication allows robust stratification in clinical trials and
personalized treatment to improve outcome. Clinical prog-
nostic factors (such as stage and lymph node status) iden-
tified to date are poor predictors of relapse with a
concordance index of approximately 0.62.2

Most cervical cancers are caused by human papilloma virus
(HPV), providing a convenient genetic marker of cancer-
derived DNA that could be used to assess residual disease
burden within plasma. Detection of HPV circulating tumor

DNA (ctDNA) after CRT may identify patients at highest risk
of relapse. Our previous pilot study using digital polymerase
chain reaction (dPCR) showed that detectable HPV ctDNA at
the end of CRT is associated with inferior progression-free
survival (PFS)3 and that a next-generation sequencing ap-
proach (HPV-seq) using dual-strand full-length viral capture
may outperform dPCR.4 While other studies have also
shown an association between HPV ctDNA and outcome
in cervical cancer, many are from samples of convenience
fromvarying timepoints, retrospective nature, and/or smaller
cohort size.5-12 We hypothesized that HPV ctDNAmay identify
patients with cervical cancer at increased risk of relapse after
CRT and aimed to prospectively validate HPV ctDNA as a tool
for early detection of molecular residual disease (MRD).13
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METHODS

Patients and Study Design

This prospective, multicenter study recruited patients to
validate HPV ctDNA as a biomarker and compare with
positron emission tomography (PET) imaging across four
Canadian centers betweenOctober 2017 and June 2022. It was
approved by the local Institutional Review Boards. Female
patients older than 18 years with histologically confirmed
2009 International Federation of Gynecology and Obstetrics
(FIGO) stage IB2-IVA cervical squamous cell carcinoma,
adenocarcinoma, or adenosquamous carcinoma planned for
definitive CRT were eligible (see the Data Supplement, online
only, for more details). Stage was reclassified using the re-
vised 2018 FIGO staging system. All participants provided
written informed consent before enrollment and did not re-
ceive compensation for the study. No commercial supportwas
provided. The study was registered with ClinicalTrials.gov
(identifiers: NCT03853915 and NCT03702309).

Patients were examined every 3-4 months during the first
2 years after CRT and every 6 months during years 3-5 for
disease status. Imaging was performed 3-4 months post-
CRT (Data Supplement). Relapses were documented by
clinical examination and imaging and wherever feasible
also by histologic confirmation. The follow-up data cutoff
was March 2, 2023.

Blood Collection and ctDNA Analysis

As part of the study, patients underwent phlebotomy at
baseline (before CRT), end of CRT, 4-6 weeks post-CRT, and
3months post-CRT for HPV ctDNA levels. At each timepoint,
30 mL of peripheral blood was collected in Streck Cell-Free

DNA BCT tubes, shipped to and processed for plasma by a
central laboratory (median, 1 day; IQR, 0-2 days), and stored
at 280°C. Cell-free DNA extraction and quality assessment
were performed as previously described.3 HPVgenotypingwas
performed on the baseline plasma sample using HPV-seq,
which targets 38 distinct HPV types; HPV genotype–specific
DNA levels in plasma were quantified using both dPCR and
HPV-seq as previously described.3,4 For copy number quan-
tification using HPV-seq, a normalization factor of 0.6 was
applied to account for inflation of HPV-mapped reads relative
to human-mapped reads because of incorporation of dual-
stranded HPV hybrid capture baits.4 Study personnel who
quantified HPV ctDNA were blinded to clinical characteristics
and outcomes.

Fluorodeoxyglucose PET Imaging

As part of the study, patients enrolled after April 2019 (after
external funding was secured) also underwent fluorode-
oxyglucose (FDG)-PET/computed tomography imaging
3 months after CRT. Tumor response on PET imaging was
defined according to previous studies.3,14

Statistical Analysis

The primary end point was PFS, defined as the time from
histologic diagnosis of cervical cancer to the time of relapse
or death. The primary objective was to detect a difference in
2-year PFS between those with detectable versus unde-
tectable HPV ctDNA after CRT. The sample size was calcu-
lated using a 2-year PFS rate of 70% from our large
institutional series15 and assuming that 30% of the patients
would have detectable HPV ctDNA post-CRT on the basis of
data fromour pilot study.With a one-sided significance level
at 0.05, accruing 84 patients over 2 years with an additional

CONTEXT

Key Objective
Does human papilloma virus circulating tumor DNA (HPV ctDNA) predict relapse in patients with locally advanced cervical
cancer after definitive chemoradiation (CRT)?

Knowledge Generated
A sequencing-based assay (HPV-seq) enables highly sensitive detection and accurate HPV genotyping from baseline
plasma cell-free DNA. Detectable HPV ctDNA at each of the following three timepoints is independently associated with
inferior progression-free survival (PFS): end of CRT, 4-6 weeks post-CRT, and 3 months post-CRT. Despite higher sensitivity
of HPV-seq, there is no statistically significant difference in the performance (concordance index) of HPV-seq versus HPV
genotype–matched digital polymerase chain reaction in predicting PFS.

Relevance (G. Fleming)
Useful salvage therapy is not currently available for the majority of relapsed cervical cancer patients. These results should
be useful in selecting the highest risk patients for the development of treatments to prevent clinical recurrence.*

*Relevance section written by JCO Associate Editor Gini Fleming, MD.
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follow-up of 2 years (accounting for 15% dropout and/or
unanalyzable HPV-negative/undetectable cases) would
provide an 86% power to detect an effect size (hazard ratio
[HR]) of 3 and a 96% power to detect a stronger HR of 4.
Because of the uncertainty regarding accrual rate and
funding, the plan was originally to include 20 patients from
the pilot study. However, the relatively large number of
centers that participated in the study subsequently war-
ranted dropping the 20 patients from the pilot study. Thus,
the present study consists of 84 patients newly accrued into
this validation study.

PFS was estimated using the Kaplan-Meier method and
compared using the log-rank test. Univariable analysis for
PFS was performed using the Cox proportional hazard
model, considering the following variables: age, stage,
histology, and detectable HPV ctDNA at end of CRT,
4-6 weeks post-CRT, or 3 months post-CRT. Variables with
P < .05 were included in multivariable Cox regression
analyses to determine independent prognostic factors as-
sociated with PFS. Sensitivity was defined as the percentage
of patients who relapsed in the follow-up period who were
ctDNA-positive at the specified timepoint(s).16 Specificity
was defined as the percentage of patients who did not relapse
in the follow-up period and whowere ctDNA-negative at the
specified timepoint(s).16

For the secondary objective of determining the accuracy of
HPV ctDNA versus PET imaging, the C-index was estimated
using the coxph function in survival R package and compared
using a z test where the variance-covariance matrix for the
C-index values was obtained from vcov and concordance
functions. All P values were two-sided with a significance
level of <.05 for the primary log-rank and Cox regression
analyses. Bonferroni correction was applied to account for
multiple comparisons of C-indices. R version 4.2.2 was used
for all analyses.

RESULTS

Prospective Validation Cohort and Outcomes

Between October 2017 and June 2022, 84 patients were
enrolled and 75 were evaluable (Fig 1). Study blood col-
lection was paused during the peaks of the COVID-19
pandemic as per the institutional directive to preserve
clinical capacity. Patient, tumor, and treatment charac-
teristics are summarized in Table 1. All patients received
external beam radiotherapy with brachytherapy boost,
and 97% received concurrent cisplatin. With a median
follow-up of 2.2 years (range, 0.5-5.5 years), the 2-year
PFS was 66% (95% CI, 56 to 79). There were 24 PFS
events. Most relapses (15 of 24, 63%) included distant
metastasis: 11 distant, one distant and para-aortic
nodal, three distant and local, five paraaortic nodal,
one pelvic/paraaortic nodal and local, two pelvic nodal,
and one local.

HPV Genotyping From Baseline Plasma

Of the 75 evaluable patients, HPV-seq detected HPV ctDNA
and provided HPV genotype information directly from the
baseline plasma sample of 70 patients. The majority (38 of
70, 54%) harbored HPV-16, and 46% harbored other HPV
types: 15 HPV-18; five HPV-59; two each HPV-31, HPV-33,
HPV-45, and HPV-52; and one each HPV-39, HPV-53,
HPV-58, andHPV-82. Nine of the 70 patientswith detectable
HPV ctDNA at baseline also had clinical HPV testing on
cervical tumor biopsy: eight had concordant genotypes
between HPV-seq and tumor tissue analyses (one HPV-16,
three HPV-18, one HPV-33, one HPV-52 and one HPV-53,
and one HPV-59) and one had no HPV DNA detected from
tumor biopsy but HPV-18 ctDNA in plasma at all timepoints
(P11: 12 copies/mL at baseline, up to 158 copies/mL at
3months). Of the five patients with undetectable HPV ctDNA
in the baseline plasma sample, clinical HPV testing on
three patients’ diagnostic (baseline) cervical biopsy was
performed. All three patients’ biopsy specimens were
HPV-negative as well.

Of the 70 patients genotyped by HPV-seq, 65 (93%) were
validated by dPCR,whereasfive had undetectableHPV ctDNA
at baseline on dPCR. These five patients had low levels
(range, 0.29-17.3 copies/mL) of HPV ctDNA by HPV-seq,
suggesting that these may represent false-negative dPCR
results with levels below the detection threshold.

HPV ctDNA Quantification and MRD Detection

The HPV ctDNA burden/kinetic pattern is shown in Figure 2
and the Data Supplement. Any increase in HPV ctDNA was
associated with worse PFS. HPV ctDNA levels from HPV-seq
were highly correlated with dPCR results (R2 5 0.99; 95% CI,
0.90 to 1.00; P < 10266; Data Supplement). The lowest de-
tectable level was 0.18 copy/mL on dPCR and 0.023 copy/mL
onHPV-seq. BaselineHPV ctDNA levelswere higher for stage
III/IVA compared with those for stage IB/II disease (Data
Supplement). The Data Supplement shows serial HPV ctDNA
detectability and clinical outcome. Median lead time from
the first positive HPV ctDNA test to identification of relapse
by clinical examination/radiologic imaging was 5.9 months
(range, 0-28 months) for both dPCR and HPV-seq (Data
Supplement).

Patients with detectable HPV ctDNA on dPCR at the end of
CRT, 4-6 weeks post-CRT, and 3 months post-CRT had
significantly worse 2-year PFS compared with those with
undetectable HPV ctDNA (Fig 3; 77% v 51%, P 5 .03; 82% v
15%, P < .001; and 82% v 24%, P < .001, respectively).
HPV-seq showed similar results (Fig 4; 87% v 53%, P5 .009;
79% v 39%, P < .001; and 85% v 26%, P < .001, respectively).
Results of univariable Cox regression analysis are shown in
Table 2. Onmultivariable analyses, detectable HPV ctDNA on
dPCR and HPV-seq remained independently associated with
inferior PFS (Table 2).
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When the analysis was repeated excluding the five patients
who had undetectable dPCR at baseline (but detectable on
HPV-seq), similar results were obtained (data not shown).

Accuracy of MRD Detection Using HPV ctDNA

The sensitivity, specificity, and C-index of HPV-seq and
dPCR for predicting PFS are shown in the Data Supplement.
There were no significant differences in the performance
(C-indices) of HPV-seq versus dPCR in predicting PFS
(P 5 .42 for the end of treatment, P 5 .22 for 4-6 weeks, and
P 5 .34 for 3 months). There was also no significant dif-
ference in the performance at the end-of-treatment versus
4-6 week timepoint for HPV-seq (P 5 .91). C-index for 4- 6
week dPCR was higher than that for the end-of-treatment
dPCR (0.71 v0.60,P5 .04) but not statistically significant after
accounting for multiple comparisons.

There were 17 PFS events among the subset of 44 patients
who underwent both 3-month FDG-PET imaging and blood
collection (Data Supplement). C-indices of FDG-PET im-
aging, dPCR HPV ctDNA, and HPV-seq HPV ctDNA at
3 months for predicting relapse at 2 years were 0.75, 0.65,
and 0.74, respectively (P5 .14 for PET v dPCR; P5 .85 for PET
v HPV-seq). Of note, while four patients’ PET scans were
reported as showing suspicious uptake in the cervix or lower
vagina, they ultimately relapsed distantly with no evidence
of disease in the cervix or vagina (ie, false-positive PET scan
scored as predicting relapse). Representative examples are
shown in the Data Supplement.

Consented (N = 84)

Excluded                 (n = 9)
 Missed study blood collection at baseline (n = 3)
 Withdrew                 (n = 3)
 Distant metastases on PET after consent   (n = 2)
    (not evident on CT/MRI)
 Cardiac arrest <2 months after CRT            (n = 1)

Evaluable at baseline (n = 75)

HPV+ evaluable at the end of
CRT (n = 62)

HPV+ evaluable at 3 months
post-CRT (n = 67)

HPV+ evaluable at 4-6 weeks
post-CRT (n = 60)

Study blood collection was paused
  during the peaks of COVID-19
  pandemic per institutional directive

Excluded                 (n = 5)
 HPV-negative on HPV-seq at baseline        (n = 5)

HPV+ at baseline (n = 70)

FIG 1. Flow diagram. CRT, chemoradiation; CT, computed tomography; HPV, human papilloma
virus; MRI, magnetic resonance imaging; PET, positron emission tomography.

TABLE 1. Patient, Tumor, and Treatment Characteristics

Characteristic n 5 70

Age, years, mean 6 standard deviation 54 6 15

2018 FIGO stage, No. (%)

IB 6 (9)

IIA 8 (11)

IIB 21 (30)

IIIA 1 (1)

IIIB 2 (3)

IIIC1 17 (24)

IIIC2 7 (10)

IVA 8 (11)

Histologic type, No. (%)

Squamous cell carcinoma 59 (84)

Adenocarcinoma or adenosquamous carcinoma 11 (16)

Tumor size at diagnosis, cm, median (range) 4.6 (2.1-9.1)

Cisplatin chemotherapy receipt, No. (%) 68 (97)

Brachytherapy receipt (28 Gy/4F or 24 Gy/3F), No. (%) 70 (100)

Brachytherapy technique

Magnetic imaging resonance–guided 67 (96)

CT-guided 3 (3)

CTVHR D90% (Gy10), mean 6 standard deviation 91.3 6 4.5

Abbreviations: CT, computed tomography; CTVHR D90%, minimum
combined external beam radiotherapy and brachytherapy equivalent
dose in 2 Gy fractions to 90% of the high-risk clinical target volume;
FIGO, International Federation of Gynecology and Obstetrics.
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Given the fact that studies in other disease sites show that
ctDNA sensitivity for predicting recurrence can be aug-
mented via a longitudinal surveillance approach (ie, blood
draws at multiple timepoints during follow-up with ctDNA
status determined bywhether any blood draw is positive),16

we evaluated the performance of HPV ctDNA detectabi-
lity at any timepoint (end of treatment, 4-6 weeks
post-treatment, and/or 3 months post-treatment). This
longitudinal surveillance approach resulted in higher
sensitivity but lower specificity compared with the
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FIG 2. HPV ctDNA burden over time on the basis of (A) dPCR and (B) HPV-seq. Patients who are disease-free are depicted in gray; those
who relapsed are depicted in red. The change in HPV ctDNA burden was determined using adjacent timepoints. Patients had (1) rapid
clearance of HPV ctDNA at all three nonbaseline timepoints (end of CRT, 4-6 weeks post-CRT, and 3 months post-CRT); (2) a gradual
decrease in HPV ctDNA; (3) an increase in HPV ctDNA level relative to an earlier adjacent timepoint; or (4) missing adjacent timepoints.
PFS by HPV ctDNA kinetic patterns (1)-(3), on the basis of (C) dPCR and (D) HPV-seq. CRT, chemoradiation; dPCR, digital polymerase chain
reaction; HPV ctDNA, human papilloma virus circulating tumor DNA; PFS, progression-free survival.
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single timepoint landmark approach presented above
(Data Supplement).

DISCUSSION

To our knowledge, this is the first study that prospectively
validates HPV ctDNA as a tool for early detection of residual
disease after CRT in patients with locally advanced cervical
cancer. It uses the same methodology and eligibility criteria
as our pilot study.3 Persistent HPV ctDNA after CRT was
independently associated with inferior PFS in this pro-
spective validation study at all timepoints, thus confirming
our previous results. There was no statistically significant
difference between the performance of HPV-seq and dPCR in
MRD detection nor between the timepoints that were
evaluated, highlighting the benefit of early identification of
patients with MRD at risk of relapse.

In our initial study describing analytical and clinical per-
formance attributes of HPV-seq, we had found 100%

accuracy ofHPV genotyping among 10 patientswithmatched
plasma HPV-seq and clinical tissue testing.4 In the present
study, HPV-seq again provided high accuracy for genotyp-
ing. Moreover, HPV-seq was able to detect and genotype
HPV ctDNA from baseline plasma in a patient with a negative
result on clinical tissue testing. These results confirm our
previous findings that HPV-seq using a broad genotyping
panel could replace tumor tissue analysis for accurate HPV
genotyping.17 Sastre-Garau et al also reported high sensi-
tivity (95%) using their sequencing-based CaptHPV ap-
proach to detect HPV ctDNA in blood samples compared with
matched tumor tissue at baseline.5

The finding that HPV-seq and dPCR had similar overall
accuracy in the MRD setting was unexpected on the basis of
our previous findings that HPV-seq has superior analytical
sensitivity.4 In the present study, we again noted that
HPV-seq detected lower levels of HPV ctDNA (lowest level
detected 0.023 copies/mL; 100% sensitivity at baseline)
compared with dPCR (lowest level detected 0.18 copies/mL;
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93% sensitivity at baseline). Nonetheless, modest numerical
improvements in sensitivity for MRD at the various post-
treatment timepoints appeared to be largely offset by
reduced specificity of HPV-seq versus dPCR. Studies in
HPV-positive oropharynx cancer using dPCR have demon-
strated incomplete HPV ctDNA clearance at timepoints
before 3 months post-CRT,18,19 raising the possibility that a
more sensitive assay such as HPV-seq could be more sus-
ceptible to remnants of treated disease before it is com-
pletely cleared. Although we counted any detectable HPV
ctDNA as a positive result, future studies could seek to op-
timize cutoff values that maximize either sensitivity or
specificity depending on the clinical use case.

Overall, we found no statistically significant differences in
relapse prediction between the different timepoints or
compared with 3-month PET imaging. Early post-CRT
timepoints, that is, within the standard adjuvant treat-
ment window while residual disease burdens are lower, are
likely of greater clinical utility. As such, this study included a

4- to 6-week post-treatment timepoint in addition to the
end-of-treatment and 3-month post-treatment timepoints
from our pilot study. Although there is currently no rec-
ommended adjuvant regimen after definitive CRT for cer-
vical cancer, there remains a strong clinical unmet need
because of poor outcomes among patients who recur.20 With
the recent failure of large studies that included patients on
the basis of the pretreatment stage/nodal status,21,22 a
biomarker-enriched population with a high relapse rate
would be an ideal population for future studies testing new
approaches to improve outcomes. Our study suggests that
early post-treatment timepoints could be used to ensure
timely trial enrollment and initiation of therapy. For ex-
ample, patients with detectable HPV ctDNA at the end of
CRT could be randomly assigned to standard-of-care versus
intensified systemic treatment starting within 4-6 weeks of
CRT completion. Alternatively, patients with detectable HPV
ctDNA who, on restaging, are found to have localized nodal
or distant oligometastases could be treated with ablative
local therapy. Consistent with previous evidence in other
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cancer types,16 integrating results from multiple longitu-
dinal timepoints (ie, surveillance approach) resulted in
higher sensitivity but at the expense of lower specificity,
which could be problematic when selecting patients for
treatment escalation.

Only a limited number of studies have investigated serial
HPV ctDNA in cervical cancer (Data Supplement). Before our
study, the largest study had evaluated 40 patients with
cervical cancer, of whom 12 relapsed after definitive CRT.5 In
that study, dPCR-based HPV16/18 ctDNA detection from
serum samples collected at the end of treatment was sig-
nificantly associated with PFS on multivariable landmark
analysis (HR, 14.3).5 Of note, there was significant hetero-
geneity in the timing of sample collection (28 days before to
120 days after the last date of treatment and 120 days before
relapse), and only 63% (59 of 94) of patients with HPV-16 or
HPV-18 cervical cancer had detectable HPV ctDNA from their
baseline serum sample.5 During longitudinal follow-up, HPV
ctDNA detection provided an average of 10 months (range,
2-15 months) lead time before clinical relapse.5 Among 13
relapses in the study by Widschwendter et al,10 the lead time
was 2.4 months. It remains to be seen what constitutes a
clinically meaningful lead time that translates into improved
survival and/or salvage rates in cervical cancer and how HPV

ctDNA compares with other circulating assays such as
squamous cell carcinoma antigen.

In contrast to these previous studies, all patients in the
present study were treated with 3D image–guided adaptive
brachytherapy. Consistent with results from other pro-
spective studies using magnetic resonance imaging (MRI)–
guided adaptive brachytherapy,1 we observed a low local
failure rate. MRI-guided brachytherapy has changed the
treatment paradigm for patients with locally advanced
cervical cancer; the majority of relapses are now nodal/
distant as opposed to local.1 The predominance of distant
relapse highlights the potential of HPV ctDNA in selecting
patients for intensified systemic treatment.

Strengths of our study include the prospective validation
design in patients treated at different sites using modern
radiotherapy techniques and serial analysis of HPV ctDNA
within Streck plasma using two published state-of-the-art
assays. Previous studies using quantitative polymerase chain
reaction and either serum or EDTA plasma have reported a
much lower pretreatment sensitivity (approximately 21%).23

An important driver of HPV ctDNA sensitivity in cervical
cancer is the inclusion of high-risk HPV genotypes beyond
HPV-16 and HPV-18; in our study, 24% of cases harbored

TABLE 2. Univariable and Multivariable Regression for Progression-Free Survival

Variable

Univariable Regression

dPCR HPV-Seq

HR (95% CI) P C-Index HR (95% CI) P C-Index

Age 0.99 (0.96 to 1.02) .400 0.56 Same

Histology

Squamous cell carcinoma Reference Same

Nonsquamous cell carcinoma 1.18 (0.44 to 3.13) .740 0.49

2018 FIGO stage

IB/II Reference Same

III/IVA 2.90 (1.20 to 7.01) .020 0.63

Detectable HPV ctDNA at the end of CRT 2.53 (1.06 to 6.03) .040 0.61 3.88 (1.30 to 11.57) .010 0.65

Detectable HPV ctDNA at 4-6 weeks post-CRT 8.58 (3.56 to 20.71) <.001 0.72 4.19 (1.76 to 9.98) .001 0.68

Detectable HPV ctDNA at 3 months post-CRT 6.29 (2.71 to 14.59) <.001 0.72 8.29 (3.38 to 20.34) <.001 0.75

Model

Multivariable Regression

dPCR HPV-Seq

HR (95% CI) P C-Index HR (95% CI) P C-Index

2018 FIGO stage III/IVA v IB/II 3.12 (1.21 to 8.09) .020 0.70 3.43 (1.32 to 8.89) .010 0.73

Detectable HPV ctDNA at the end of CRT 2.44 (1.02 to 5.82) .045 4.13 (1.38 to 12.34) .010

2018 FIGO stage III/IVA v IB/II 1.91 (0.69 to 5.27) .210 0.80 3.06 (1.18 to 7.93) .020 0.76

Detectable HPV ctDNA at 4-6 weeks post-CRT 6.79 (2.66 to 17.34) <.001 3.86 (1.61 to 9.22) .002

2018 FIGO stage III/IVA v IB/II 1.84 (0.73 to 4.59) .190 0.75 2.16 (0.88 to 5.33) .090 0.78

Detectable HPV ctDNA at 3 months post-CRT 5.50 (2.32 to 13.04) <.001 7.78 (3.15 to 19.24) <.001

Abbreviations: CRT, chemoradiation; ctDNA, circulating tumor DNA; dPCR, digital polymerase chain reaction; FIGO, International Federation of
Gynecology and Obstetrics; HPV, human papilloma virus; HR, hazard ratio.
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one of nine alternative HPV genotypes that could only have
been robustly detected from plasma cell-free DNA using a
broad sequencing-based approach. To our knowledge, this is
the largest prospective cervical cancer cohort with serial HPV
ctDNA analysis. dPCR should become more widely available
in lower-/middle-income countries where cervical cancer is
most prevalent on the basis of guidance from the WHO.24

Limitations include missing timepoints mainly because of
study blood collection being on hold during the peaks of the
COVID-19 pandemic; no routine clinical HPV testing; and

lack of study 3-month FDG-PET scan, the most sensitive
imaging study currently available for nodal and distant
metastases, for all patients.

In conclusion, HPV-seq enables sensitive HPV detection and
genotyping directly fromplasma. PersistentHPV ctDNA after
CRT is independently associated with inferior PFS in this
prospective multicenter validation study. HPV ctDNA testing
can be used to identify, as early as at the end of CRT, patients
at high risk of recurrence in future treatment intensification
trials.

AFFILIATIONS
1Princess Margaret Cancer Centre, University Health Network, Toronto,
Ontario, Canada
2Department of Radiation Oncology, University of Toronto, Toronto,
Ontario, Canada
3Department of Biostatistics, University Health Network, Toronto,
Ontario, Canada
4Odette Cancer Centre, Sunnybrook Health Sciences Centre, Toronto,
Ontario, Canada
5Department of Obstetrics and Gynecology, University of Toronto,
Toronto, Canada
6Jewish General Hospital, Montreal, Quebec, Canada
7Division of Medical Oncology, Department of Internal Medicine,
University of Toronto, Toronto, Ontario, Canada
8Hopital Maisonneuve-Rosemont, Montreal, Quebec, Canada
9Joint Department of Medical Imaging, University Health Network,
University of Toronto, Toronto, Ontario, Canada

CORRESPONDING AUTHOR

Kathy Han, MD, MSc, Radiation Medicine Program, Princess Margaret
Cancer Centre, University Health Network, 610 University Ave, Toronto,
Ontario, CanadaM5G 2M9; Twitter:@Kathy_C_Han; e-mail: Kathy.Han@
rmp.uhn.ca.

DISCLAIMER

The funders had no role in design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation,
review, or approval of the manuscript; and decision to submit the
manuscript for publication.

EQUAL CONTRIBUTION

K.H., J.Z., Z.Z., S.V.B., and E.L. contributed equally to this work.

SUPPORT

Supported by the Cancer Research Society, Princess Margaret Hospital
Foundation (Agnico Eagle Grand Challenge Fund and Joan Parkes
Gynecological Cancer Research Fund), and Ontario Institute for Cancer
Research through funding provided by the Government of Ontario.
Samples from the Princess Margaret Cancer Center were collected
under the auspice of the LIBERATE study, which is an institutional liquid
biopsy program at the University Health Network supported by the BMO
Financial Group Chair in Precision Cancer Genomics (Chair held by
Lillian Siu). S.V.B. was supported by the Gattuso-Slaight Personalized

Cancer Medicine Fund at the Princess Margaret Cancer Center and the
Dr Mariano Elia Chair in Head & Neck Cancer Research at University
Health Network and University of Toronto.

CLINICAL TRIAL INFORMATION

NCT03853915 and NCT03702309

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Disclosures provided by the authors are available with this article at DOI
https://doi.org/10.1200/JCO.23.00954.

DATA SHARING STATEMENT

A data sharing statement provided by the authors is available with this
article at DOI https://doi.org/10.1200/JCO.23.00954.

AUTHOR CONTRIBUTIONS

Conception and design: Kathy Han, Jinfeng Zou, Zhen Zhao, Scott V.
Bratman, Eric Leung
Financial support: Kathy Han, Scott V. Bratman, Eric Leung
Administrative support: Kathy Han, Stephanie Lheureux, Eric Leung
Provision of study materials or patients: Kathy Han, Sarah E. Ferguson,
Anthony Fyles, Magali Lecavalier-Barsoum, Helen Mackay, Eve-Lyne
Marchand, Michael Milosevic, Eric Leung
Collection and assembly of data: Kathy Han, Jinfeng Zou, Zhen Zhao,
Yangqiao Zheng, Jennifer Croke, Anthony Fyles, AdamGladwish, Magali
Lecavalier-Barsoum, Stephanie Lheureux, Helen Mackay, Eve-Lyne
Marchand, Ur Metser, Michael Milosevic, Amandeep S. Taggar, Eric
Leung
Data analysis and interpretation: Kathy Han, Jinfeng Zou, Zhen Zhao,
Zeynep Baskurt, Yangqiao Zheng, Elizabeth Barnes, Jennifer Croke,
Sarah E. Ferguson, Lilian Gien, Adam Gladwish, Magali Lecavalier-
Barsoum, Stephanie Lheureux, Jelena Lukovic, Helen Mackay, Ur
Metser, Scott V. Bratman, Eric Leung
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

ACKNOWLEDGMENT

The authors thank all the study staff and patients who participated in
the study.

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 42, Issue 4 | 439

HPV ctDNA Detects Minimal Residual Disease in Cervical Cancer

mailto:Kathy.Han@rmp.uhn.ca
mailto:Kathy.Han@rmp.uhn.ca
https://www.clinicaltrials.gov/ct2/show/NCT03853915
https://www.clinicaltrials.gov/ct2/show/NCT03702309
https://ascopubs.org/doi/full/10.1200/JCO.23.00954
https://ascopubs.org/doi/full/10.1200/JCO.23.00954
http://ascopubs.org/journal/jco


REFERENCES
1. Pötter R, Tanderup K, Schmid MP, et al: MRI-guided adaptive brachytherapy in locally advanced cervical cancer (EMBRACE-I): A multicentre prospective cohort study. Lancet Oncol 22:538-547,

2021
2. Rose PG, Java J, Whitney CW, et al: Nomograms predicting progression-free survival, overall survival, and pelvic recurrence in locally advanced cervical cancer developed from an analysis of

identifiable prognostic factors in patients from NRG Oncology/Gynecologic Oncology Group randomized trials of chemoradiotherapy. J Clin Oncol 33:2136-2142, 2015
3. Han K, Leung E, Barbera L, et al: Circulating human papillomavirus DNA as a biomarker of response in patients with locally advanced cervical cancer treated with definitive chemoradiation. JCO

Precis Oncol 2:1-8, 2018
4. Leung E, Han K, Zou J, et al: HPV sequencing facilitates ultrasensitive detection of HPV circulating tumor DNA. Clin Cancer Res 27:5857-5868, 2021
5. Jeannot E, Latouche A, Bonneau C, et al: Circulating HPV DNA as a marker for early detection of relapse in patients with cervical cancer. Clin Cancer Res 27:5869-5877, 2021
6. Lalondrelle S, Lee J, Cutts RJ, et al: Predicting response to radical chemoradiotherapy with circulating HPV DNA (cHPV-DNA) in locally advanced uterine cervix cancer. Cancers (Basel) 15:1387,

2023
7. Kang Z, Stevanovic S, Hinrichs CS, et al: Circulating cell-free DNA for metastatic cervical cancer detection, genotyping, and monitoring. Clin Cancer Res 23:6856-6862, 2017
8. Yang HJ, Liu VW, Tsang PC, et al: Quantification of human papillomavirus DNA in the plasma of patients with cervical cancer. Int J Gynecol Cancer 14:903-910, 2004
9. Campitelli M, Jeannot E, Peter M, et al: Human papillomavirus mutational insertion: Specific marker of circulating tumor DNA in cervical cancer patients. PLoS One 7:e43393, 2012
10. Widschwendter A, Blassnig A, Wiedemair A, et al: Human papillomavirus DNA in sera of cervical cancer patients as tumor marker. Cancer Lett 202:231-239, 2003
11. Cabel L, Bonneau C, Bernard-Tessier A, et al: HPV ctDNA detection of high-risk HPV types during chemoradiotherapy for locally advanced cervical cancer. ESMO Open 6:100154, 2021
12. Mittelstadt S, Kelemen O, Admard J, et al: Detection of circulating cell-free HPV DNA of 13 HPV types for patients with cervical cancer as potential biomarker to monitor therapy response and to

detect relapse. Br J Cancer 128:2097-2103, 2023
13. Cescon DW, Bratman SV, Chan SM, et al: Circulating tumor DNA and liquid biopsy in oncology. Nat Cancer 1:276-290, 2020
14. Schwarz JK, Siegel BA, Dehdashti F, et al: Association of posttherapy positron emission tomography with tumor response and survival in cervical carcinoma. JAMA 298:2289-2295, 2007
15. Milosevic MF, Pintilie M, Hedley DW, et al: High tumor interstitial fluid pressure identifies cervical cancer patients with improved survival from radiotherapy plus cisplatin versus radiotherapy alone.

Int J Cancer 135:1692-1699, 2014
16. Moding EJ, Nabet BY, Alizadeh AA, et al: Detecting liquid remnants of solid tumors: Circulating tumor DNA minimal residual disease. Cancer Discov 11:2968-2986, 2021
17. Sastre-Garau X, Diop M, Martin F, et al: A NGS-based blood test for the diagnosis of invasive HPV-associated carcinomas with extensive viral genomic characterization. Clin Cancer Res 27:

5307-5316, 2021
18. Chera BS, Kumar S, Beaty BT, 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 25:4682-4690, 2019
19. Chera BS, Kumar S, Shen C, et al: Plasma circulating tumor HPV DNA for the surveillance of cancer recurrence in HPV-associated oropharyngeal cancer. J Clin Oncol 38:1050-1058, 2020
20. Tewari KS, Sill MW, Long HJ III, et al: Improved survival with bevacizumab in advanced cervical cancer. N Engl J Med 370:734-743, 2014
21. Mayadev J, Rong Y, Toita T, et al: Durvalumab in combination with chemoradiotherapy (CRT) in locally advanced cervical cancer (LACC): Radiotherapy (RT) delivery and subgroup analyses from

CALLA. Int J Radiat Oncol Biol Phys 114:1058-1059, 2022
22. Mileshkin LR, Moore KN, Barnes EH, et al: Adjuvant chemotherapy following chemoradiotherapy as primary treatment for locally advanced cervical cancer versus chemoradiotherapy alone

(OUTBACK): An international, open-label, randomised, phase 3 trial. Lancet Oncol 24:468-482, 2023
23. Gu Y, Wan C, Qiu J, et al: Circulating HPV cDNA in the blood as a reliable biomarker for cervical cancer: A meta-analysis. PLoS One 15:e0224001, 2020
24. World Health Organization: Establishment of PCR Laboratory in Developing Countries (ed 2), 2016. http://www.searo.who.int/entity/bloodsafety/pcr_lab_2016.pdf

440 | © 2023 by American Society of Clinical Oncology

Han et al

http://www.searo.who.int/entity/bloodsafety/pcr_lab_2016.pdf


AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

Clinical Validation of Human Papilloma Virus Circulating Tumor DNA for Early Detection of Residual Disease After Chemoradiation in Cervical
Cancer

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated unless
otherwise noted. Relationships are self-held unless noted. I5 Immediate FamilyMember, Inst5My Institution. Relationshipsmay not relate to the
subject matter of this manuscript. For more information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or
ascopubs.org/jco/authors/author-center.

Open Payments is a public database containing information reported by companies about payments made to US-licensed physicians (Open
Payments).

Kathy Han
Consulting or Advisory Role: AstraZeneca
Patents, Royalties, Other Intellectual Property: Detection of HPV
circulating tumor DNA—patent pending

Jinfeng Zou
Patents, Royalties, Other Intellectual Property: Co-inventor of a patent
application pending related to the detection of HPV circulating cell-free
DNA. It is held by the institution and is not royalty generating (Inst)

Zhen Zhao
Patents, Royalties, Other Intellectual Property: Co-inventor of a patent
application pending related to the detection of HPV circulating cell-free
DNA. It is held by the institution and is not royalty generating (Inst)

Jennifer Croke
Honoraria: Merck

Lilian Gien
Consulting or Advisory Role: Jazz Pharmaceuticals, Merck,
GlaxoSmithKline Canada

Adam Gladwish
Honoraria: Tersera
Consulting or Advisory Role: Knight Pharmaceuticals

Magali Lecavalier-Barsoum
Honoraria: AstraZeneca

Stephanie Lheureux
Honoraria: AstraZeneca, Merck, GlaxoSmithKline, Shattuck Labs,
Roche/Genentech
Consulting or Advisory Role: AstraZeneca, Merck, GlaxoSmithKline,
Shattuck Labs, Novartis, Roche/Genentech
Research Funding: Tesaro (Inst), AstraZeneca (Inst), Roche/Genentech
(Inst), Regeneron (Inst), Merck (Inst), GlaxoSmithKline (Inst), Repare
Therapeutics (Inst)

Helen Mackay
Honoraria: AstraZeneca, GlaxoSmithKline
Consulting or Advisory Role: Merck, Eisai, GlaxoSmithKline

Ur Metser
Employment: POINT Biopharma
Consulting or Advisory Role: POINT Biopharma

Michael Milosevic
Leadership: QurCan Therapeutics
Stock and Other Ownership Interests: QurCan Therapeutics
Research Funding: Varian Medical Systems

Amandeep S. Taggar
Research Funding: Boston Scientific

Scott V. Bratman
Employment: Adela
Leadership: Adela
Stock and Other Ownership Interests: Adela
Patents, Royalties, Other Intellectual Property: co-inventor of a patent
related to circulating tumor DNA detection technology, co-inventor of
patents related to cell-free DNA methylation analysis technology (Inst),
co-inventor of patent application pending related to detection of HPV
circulating cell-free DNA (Inst)

No other potential conflicts of interest were reported.

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 42, Issue 4

HPV ctDNA Detects Minimal Residual Disease in Cervical Cancer

http://www.asco.org/rwc
https://ascopubs.org/jco/authors/author-center
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/
http://ascopubs.org/journal/jco

	Clinical Validation of Human Papilloma Virus Circulating Tumor DNA for Early Detection of Residual Disease After Chemoradia ...
	INTRODUCTION
	METHODS
	Patients and Study Design
	Blood Collection and ctDNA Analysis
	Fluorodeoxyglucose PET Imaging
	Statistical Analysis

	RESULTS
	Prospective Validation Cohort and Outcomes
	HPV Genotyping From Baseline Plasma
	HPV ctDNA Quantification and MRD Detection
	Accuracy of MRD Detection Using HPV ctDNA

	DISCUSSION
	REFERENCES
	jcojcoJCOJournal of Clinical Oncology0732-183X1527-7755Wolters Kluwer HealthJCO.23.0095410.1200/JCO.23.00954Original Report ...


