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Why first-void urine?
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▪ Collects cervicovaginal secretions non-invasively1

▪ Well-accepted2,3

▪ Good HPV DNA agreement between first-void urine and cervical samples4

▪ Similar clinical accuracy (CIN2+; <CIN2) of hrHPV-DNA based PCR testing in (first-
void) urine compared to clinician-collected cervical samples5,6

1Vorsters A et al. (2012) Eur J Clin Microbiol Infect Dis; 2Leeman A et al. (2017) BJOG; 3Rohner E et al. (2020) J. Women’s Health; 
4Pathak N et al. (2014) BMJ; 5Ørnskov D et al. (2021), BMJ Open; 6Van Keer S et al. (2021) Gynecol Oncol



Review of the literature 
(June 1st, 2022)
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▪ PubMed (‘All Fields Contain’, English, 
Human)

▪ Web of Science 
(‘Title/Keywords/Abstracts’)

▪ Search terms: marker* OR 
biomarker*; AND HPV*, human 
papillomavirus*, human papilloma 
virus*, cervical cancer(s), cervical 
carcinoma*, OR cancer(s) of the 
cervix; AND urine
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PubMed
(n = 23)

Web of Science
(n = 24)

Records after duplicates removed
(n = 31)

Records screened
(n = 31)

Records excluded, with reasons: 
HPV detection in urine (n = 7); 

assay characteristics (n = 1); off 
scope (n = 5) review (n = 4)

Full-text articles 
assessed for eligibility

(n = 14 + 1)

Full-text articles excluded, with 
reasons: other method to detect 

HPV (n = 3)

Studies included in 
literature review

(n = 12)

Updated from Van Keer S, et al. (2017) Eur J Obstet Gynecol Reprod Bio



Results according to phase of biomarker development
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Phase I

Preclinical, 
exploratory 

studies

Phase II

Clinical assay; 
non-invasive 

samples

Phase III

Retrospective 
longitudinal 
repository

Phase IV-V

Prospective 
screening & 

control

Etzioni R et al. (2003) The case for early detection
▪ Microscopy-based (n=1) 

▪ Sundararajan SK et al. (2017)

▪ MiRNA-based (n=1) 

▪ Aftab M et al. (2021)

▪ Host and viral gene methylation (n=1)

▪ Guerrero-Preston R et al. (2016)

▪ Host gene methylation (n=6) 

▪ Feng QH et al. (2007); Hoffstetter R et al. (2017); Snoek BC et al. (2019); van den 
Helder R et al. (2020 & 2022); Van Keer S et al. (2021)

▪ Enzyme activity (n=1) 

▪ Lee SH et al. (2003)

▪ Protein-based (n=1) 

▪ Garbett NC 
et al. (2014)

▪ Volatile organic 
compounds (n=1)

▪ Diaz de León-
Martinez L 
et al. (2021)



Growing evidence on the clinical performance of host and viral DNA methylation in 
urine for cervical cancer screening
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Clinical performance host and viral gene methylation from literature

6

All studies applied methylation specific qPCR on bisulphite converted DNA. 
CIN: cervical intraepithelial neoplasia; SCC: squamous cell carcinoma; NILM: negative for intraepithelial lesion or malignancy.

Methylation markers Study population Sample AUC Endpoint Ref

ZNF516; FKBP6; INTS1; 
and HPV16-L1 

(4-gene biomarker panel)

n=40
hrHPV+

ccfDNA
10ml urine 

(flash frozen)
0.86 CIN2+ vs. ≤CIN1

Guerrero-Preston R et 
al. (2016)

SFRP4 and ZAR1 
(2-gene biomarker panel)

nSCC=31; nNILM=60
hrHPV

pellet
≥10ml first-void

urine 
(crystal violet)

0.63 SCC vs. NILM
Hoffstetter R et al. 

(2017)

FAM19A4; GHSR; PHACTR3; 
PRDM14; SST; and ZIC1  (individual 

genes)

ncancer=38; ncontrol=47
82% hrHPV+

pellet
15ml urine

0.74-0.89 Cancers vs. healthy controls Snoek BC et al. (2019)

ASCL1; GHSR; LHX8; SST; and ZIC1 
(individual genes)

nCIN3+=47; ncontrol=27
hrHPV

pellet
15ml urine (EDTA)

0.87-0.97
0.62-0.79

Cancers vs. healthy controls
CIN3 vs. healthy controls

van den Helder R et 
al. (2020)

ASCL1; ST6GALNAC5; GHSR; LHX8; 
SST; and ZIC1  (individual genes)

nCIN2+=19; n≤CIN1=14
hrHPV+

4ml first-void urine 
(UCM)

0.62-0.80 CIN2+ vs. ≤CIN1
Van Keer S et al. 

(2021)
ASCL1; GHSR; LHX8; SST; and ZIC1  

(individual genes)*
ASCL1/LHX8 (bi-marker panel)**

nCIN3+=181; ncontrol=64
87% hrHPV+

pellet
15ml urine (EDTA)

0.72-0.83*
0.84**

CIN3+ vs. healthy controls
van den Helder R et 

al. (2022)



Developing a complete cervical cancer screening solution based on first-void urine 
self-sampling – CASUS trial
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Un(der)-screened 

women

HPV -

HPV +

Molecular-based 

reflex test

Figure: Van Keer S et al. (2021) HPV World



Developing a complete cervical cancer screening solution based on first-void urine 
self-sampling – CASUS trial
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Home-collected first-void urine 
(Colli-Pee Small Volumes, with UCM)

Quantitative methylation-specific PCR (qMSP)

qMSP measuring methylation of host cell genes in 
bisulphite converted urine DNA

WP 1 WP 2

WP 3 & 4 – Validate the first-void urine-based complete cervical cancer solution for detection of cervical (pre)cancer



Study design CASUS WP 3 & 4
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Colposcopy/histology/pathology

INDEX TEST REFERENCE TEST

Home-collected first-void urine 
(Colli-Pee Small Volumes, with UCM)



Results CASUS WP 3 & 4
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▪ Unpublished data – cannot be distributed or published yet
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A complete cervical cancer 
screening solution based on first-
void urine self-sampling ?

▪ Similar clinical accuracy of hrHPV-DNA based PCR 
testing in urine compared to clinician-collected 
cervical samples 

▪ Host cell methylation marker levels in first-void 
urine increase with increasing severity of disease

▪ Methylation of host cell genes discerns <CIN2 from 
CIN3+ and Cancer in first-void urine

▪ Collected at home
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