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WHO screening test 

• A identifies potential, unrecognized diseases in asymptomatic 
people through rapid tests, aiming to detect early-stage issues for 
better treatment outcomes, not to diagnose definitively.
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https://www.google.com/search?q=asymptomatic+people&rlz=1C1NHXL_koKR756KR759&sca_esv=4ba3af865432350d&sxsrf=ANbL-n7qypX_fptOJzpaAagwgQeP6xo0Ew%3A1768616143428&ei=z_BqaZnoGZ7e2roPj9WqwQc&oq=who+screening+test+&gs_lp=Egxnd3Mtd2l6LXNlcnAiE3dobyBzY3JlZW5pbmcgdGVzdCAqAggBMgQQIxgnMgQQIxgnMggQABiABBjLATIEEAAYHjIIEAAYgAQYogQyBRAAGO8FMggQABgIGAoYHjIIEAAYgAQYogRI3hdQAFgAcAB4AJABAJgBuAGgAbgBqgEDMC4xuAEByAEA-AEBmAIBoALMAZgDAJIHAzItMaAHigeyBwMyLTG4B8wBwgcDMy0xyAcRgAgA&sclient=gws-wiz-serp&mstk=AUtExfCPYH5s2Q32VJfc-fHzDqXE8pshynQMbHwwx-mmCDWt9SSQCU4Uha-JFwvEdXuOVugICGKOJXmQInx5Kci2Ppy8W7rpxMfroU77UckW2GiX0e3JPnJxhW80D2LhkXUeYWZKEuNzSd0SxlyIl9djVh_2Wq1oBzMtnfdviPKDPVWinaC_9Y6U1frdDK3axKjBq0rbaZXkij0GnafzqVpkctqAUGAuy6MSo5Uy8ZFJn9omjNu5SDSMhd9xD3m7BmYnrQGoVTRmIftRM0ZXFsZ9kaXp&csui=3&ved=2ahUKEwj0iOfXwJGSAxXOzjQHHRdiNUsQgK4QegQIARAC
https://www.google.com/search?q=asymptomatic+people&rlz=1C1NHXL_koKR756KR759&sca_esv=4ba3af865432350d&sxsrf=ANbL-n7qypX_fptOJzpaAagwgQeP6xo0Ew%3A1768616143428&ei=z_BqaZnoGZ7e2roPj9WqwQc&oq=who+screening+test+&gs_lp=Egxnd3Mtd2l6LXNlcnAiE3dobyBzY3JlZW5pbmcgdGVzdCAqAggBMgQQIxgnMgQQIxgnMggQABiABBjLATIEEAAYHjIIEAAYgAQYogQyBRAAGO8FMggQABgIGAoYHjIIEAAYgAQYogRI3hdQAFgAcAB4AJABAJgBuAGgAbgBqgEDMC4xuAEByAEA-AEBmAIBoALMAZgDAJIHAzItMaAHigeyBwMyLTG4B8wBwgcDMy0xyAcRgAgA&sclient=gws-wiz-serp&mstk=AUtExfCPYH5s2Q32VJfc-fHzDqXE8pshynQMbHwwx-mmCDWt9SSQCU4Uha-JFwvEdXuOVugICGKOJXmQInx5Kci2Ppy8W7rpxMfroU77UckW2GiX0e3JPnJxhW80D2LhkXUeYWZKEuNzSd0SxlyIl9djVh_2Wq1oBzMtnfdviPKDPVWinaC_9Y6U1frdDK3axKjBq0rbaZXkij0GnafzqVpkctqAUGAuy6MSo5Uy8ZFJn9omjNu5SDSMhd9xD3m7BmYnrQGoVTRmIftRM0ZXFsZ9kaXp&csui=3&ved=2ahUKEwj0iOfXwJGSAxXOzjQHHRdiNUsQgK4QegQIARAC


Cervical Cancer Elimination Initiative

• To eliminate cervical cancer, all countries must reach and maintain an incidence rate of below 4 per 100 000 
women. 

• vaccination: 90% of girls fully vaccinated with the HPV vaccine by the age of 15;

• screening: 70% of women screened using a high-performance test by the age of 35, and again by the age of 45;

• treatment: 90% of women with pre-cancer treated and 90% of women with invasive cancer managed.

• Each country should meet the 90–70–90 targets by 2030 to get on the path to eliminate cervical cancer within the 
next century.

4

vaccination screening treatment



Overview
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• Background

• Clinical validation for HPV tests

• Cytology + HPV co-testing

• Current status of HPV test
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Korea’s progress in Cervical Cancer Screening and Elimination
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NCSP: National Cervical Screening Program
Ha et al. Obstet Gynecol Sci. 2021 Sep;64(5):444-453.
Shin et al. J Gynecol Oncol. 2022 Feb 11;33(4):e39.
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NCSP

NCSP eligibility 
expanded to all NHI and 
Medical Aid recipients Better screening strategy 

is needed to achieve 
WHO's target screening 

and incidence rates
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Cervical screening methods
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Web Annex A, WHO cervical screening guidelines 2nd Ed (Jul 2021) https://www.who.int/publications/i/item/9789240030824
Koliopoulos et al. Cochrane Database Syst Rev. 2017 Aug 10;8(8):CD008587.

Normal Low-grade High-grade Cancer

Visual 
Inspection 

with Acetic 
acid (VIA)

*

CIN1 CIN2 CIN3NILM

Cytology 
(Pap smear)

Cancer

NILM ASC-US/LSIL HSIL SCC

*

HPV DNA 
test

Negative Negative/ Low grade Positive Suspicious for Cancer

Neg/Pos Positive Positive Positive

Sensitivity 
for CIN2+

Specificity 
for ≤ CIN1

66%

76%

93%

87%

92%

89%

https://www.who.int/publications/i/item/9789240030824


HPV-based screening significantly increases sensitivity for CIN2+
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Mustafa et al. Int J Gynaecol Obstet. 2016 Mar;132(3):259-65.                                                                                                Gilham et al. Health Technol Assess. 2019 Jun;23(28):1-44.

Pre-cancer risk 
3 years after 

negative Pap-smear Pap-smear 
negative

UK ARTISTIC Study (n=24,496 women, 15y follow-up)
A negative HPV result had a lower risk of CIN3+ over time

=
Pre-cancer risk 
10 years after 

negative HPV test
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WHO Meta-analysis (11 studies, n=39,050):
HPV tests had higher baseline sensitivity for CIN2+

HPV test:
Sensitivity (CIN2+) = 0.94
Specificity (≤CIN1) = 0.90

Cytology (ASC-US):
Sensitivity (CIN2+) = 0.70
Specificity (≤CIN1) = 0.95 0.3%



Lee et al, J Gynecol Oncol 2016;27(5):e51

Double stranded DNA genome

8,000 base pairs that is covered 
with capsid proteins

Integration process leads to 
deletion of many early (E1, E2, 
E4, and E5) and late (L1 and L2) 
genes. 

E2 is negative regulator of HPV 
oncogenes E6 and E7

Absence of E2 gene after 
integration leads to elevated 
expression of E6 and E7

HPV

The Structure of HPV



British Journal of Cancer 2011:104:863–870

Sensitivity & Specificity 

CIN2+ (n=100) CIN1 & normal (n=100)

Sensitivity: 94% Specificity: 90%



Long term predictive values of cytology and human papillomavirus
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Dillner et al. BMJ. 2008 Oct 13:337:a1754.
Hurjui et al. Int J Mol Sci. 2025 Oct 15;26(20):10051. 

7 European RCTs (n=24,295 women)
Co-testing HPV and Pap-smear

HPV-neg

Pap and HPV 
negative

Pap-smear 
negative

Cytology is complementary to and may cover 
some gaps in HPV testing

• HR-HPV-negative cancers
• (~5%) HPV-independent cancer: e.g. 

gastric-type, endometroid, clear cell 
adenocarcinomas

• (< 1-3%) Rare cancers caused by lower risk 
HPV not included in HR-HPV panels: e.g. 
HPV 73, 26, 69, 82
• But risk of cancer is so low that testing 

for these types is NOT recommended

• HR-HPV test false-negatives
• (~5%) L1-deleted cancers: consider an 

E6/E7 test
• (?) Low HPV DNA copy number and/or loss 

of HPV-dependency



Long term predictive values of cytology and human papillomavirus

12
Dillner et al. BMJ. 2008 Oct 13:337:a1754.
Hurjui et al. Int J Mol Sci. 2025 Oct 15;26(20):10051. 

7 European RCTs (n=24,295 women)
Co-testing HPV and Pap-smear

Cytology+ and HPV negative 2.7%

Cytology- and HPV positive 10%



Caution – need for clinically validated HPV tests
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Analytical Validation of a diagnostic test = proving that it can detect the desired target to a specified 
sensitivity (limit of detection), in a reproducible manner (inter-day, inter-lab, inter-lot precision), 
without off-target effects (cross-reactivity), and without impact from common sample 
contaminants (interference). 
*note: validation should be performed with samples in the appropriate sample matrix (e.g. DNA or cells added to real or 
artificial mucus)

Clinical Validation of a diagnostic test = proving that it can correctly detect people with the disease 
as positive (clinical sensitivity), and correctly classify people without the disease as negative 
(clinical specificity), under the conditions claimed by the test manufacturer (specific patient 
population, specific sample types, specific testing conditions)

Validation of a diagnostic test/ sample brush/ sample media/ PCR machine/ 
etc = Proving the performance of the test/brush/media/machine



Meijer Criteria for HPV test validation: Sensitivity & specificity for CIN2+
Compare clinical performance to reference HPV assay (HC2 or GP5+/6+ PCR)

14Meijer et al. Int J Cancer. 2009 Feb 1;124(3):516-20.

Usually, ≤ 10% of HPV-positive 
women have a high-grade 
lesion

High sensitivity 
to detect high 
grade lesion 
(CIN2+)

Reasonable 
specificity to 
minimize 
unnecessary 
follow-up

HPV test for primary cervical screening

Minimum criteria Sample size

Clinical sensitivity for CIN2+: 
≥90% of clinical sensitivity of 

Qiagen HC2 in women ≥ 30 years 
old

At least 60 
CIN2+ cases

Clinical specificity for ≤ CIN1: 
≥98% of clinical specificity of 

Qiagen HC2 in women ≥ 30 years 
old

At least 800 
≤CIN1 cases



20 HPV tests are Clinically Validated (publications up to Apr 2024)
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Arbyn et. al. Clin Microbiol Infect. 2021 Aug;27(8):1083-1095.; Presentation by Dr. Mario Poljak, AOGIN 2024, Seoul, July 2024; 
Arbyn et al. J Med Virol. 2024 Sep;96(9):e29881

HPV test

1 Hybrid Capture 2 HPV DNA test
Standard comparator

2 GP5+/6+ PCR-EIA

3 Anyplex II HPV HR Detection

Second generation 
comparator

4 Cobas 4800 HPV test

5 BD Onclarity HPV Assay

6 RealTime High Risk HPV test

7 Alinity m HR HPV Assay

≥1 validation study vs 
standard comparator

8 HPV-Risk Assay

9 NeuMoDx

10 PapilloCheck HPV Screening test

11 Xpert HPV

12 APTIMA HPV Assay [mRNA test]

HPV test

13 Cobas 6800 HPV test ≥1 validation study vs 
2nd Gen comparator

14 CLART HPV45

1 validation study vs 
standard comparator

15 OncoPredict HPV Screening

16 REALQUALITY RQ-HPV Screen

17 OncoPredict HPV QT

18 RIATOL HPV genotyping qPCR

19 Allplex II HR (“clinical cut-offs”)

20 Vitro HPV Screening Assay

HPV test not 
meeting criteria

Relative sensitivity Relative specificity

careHPV test 0.86 (0.79 – 0.94) 1.01 (0.99 – 1.03)

INNO-LiPA 1.01 (0.97 – 1.06) 0.95 (0.93 – 0.97)



Some triage methods:

16Reference

p16/Ki67 dual stain DNA methylation

• Combination of p16 + Ki67 in 
the same cell suggests a loss 
of cell cycle control

• Accuracy for CIN2+ / CIN3+ 
may be equivalent or better 
than cytology (published 
results are variable)

• Additional (high) cost

• DNA hyper-methylation, especially 
of tumor suppressor genes, can 
play a role in oncogenesis

• Accuracy for CIN2+ / CIN3+  varies, 
and is target dependent

• Methylation of FAM19A4/miR124-2 
is associated with neoplastic 
progression in HPV-positive 
cervical lesions

• Most assays are research-use only 
and involve many manual steps

HR-HPV genotyping

• Oncogenic HPV are subdivided 
into 4 risk tiers (Grp 1 a-d)

• Baseline and long-term risk of 
CIN2+ / CIN3+ clearly differ by 
risk tier

• Exact risk level of mid-risk types 
may differ by ethnicity (e.g. 
HPV35 is higher risk in Africans)

• HPV genotype is already 
available with many HPV tests 
used in Korea



HR-HPV genotypes fall into distinct risk tiers

17

IARC Handbooks of Cancer Prevention Volume 18 (2022): Cervical Cancer Screening. 
ISBN 978-92-832-3025-0

Lower 
oncogenic
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oncogenic

Higher 
oncogenic

Odds ratio 
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11 studies, n=240,674 subjects, in USA, Sweden, Denmark, Italy and the Netherlands
Bonde et al. J Low Genit Tract Dis. 2020 Jan;24(1):1-13.
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HPV genotyping may be useful to identify young women with 
CIN2 who are suitable for active surveillance

18Frayle et al. Int J Cancer. 2026 Feb 1;158(3):587-596.

Baseline HPV type % Regressed

16/18 44.1%

31/33/35/45/52/58 57.1%

39/51/56/59/66/68 75.0% 

HR-HPV negative 88.5%

CIN2 regression within 24 months
• N=294 women aged 25-45 yr old
• Histologically confirmed CIN2
• LBC, HPV genotyping, p16/Ki67 dual 

stain and FAM194A/miR124-2 
methylation performed

• Active surveillance @ 6, 12, (18), 24 
month

• HPV genotyping allowed for effective 
risk stratification:



Increasing trend of genotyping – Nordics, USA, WHO

19https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/; 
Dr. Jesper Bonde, EUROGIN 2024, March 2024, Stockholm, Sweden; Courtesy of Dr. Ameli Tropè; ASCCP. J Low Genit Tract Dis. 2025 Apr 1;29(2):134-143.

Sweden (2022)
• 3 HPV risk tiers
• HPV+NILM: retest in 1.5, 3 or 5yr based on risk
• Colposcopy for same-genotype persistence

Denmark (2021)
• xGT piloted in Capital Region since 2021
• 2 HPV risk tiers (“high 5” vs “lower 8” types)
• More aggressive follow-up for higher risk tier

Norway (2024)
• 3 HPV risk tiers
• “lower 7 genotypes” retest in 1yr if ASC-

US/LSIL, or in 3yr if NILM

American Society of Colposcopy 
& Cervical Pathology (ASCCP)

• xGT guideline issued in 2025
• 3 HPV risk tiers
• Lowest risk tier retested in 1yr

World Health 
Organization (WHO)
HPV genotyping output in 
4 risk tiers is recommended

National Cervical Screening Programs

https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/
https://kunskapsbanken.cancercentrum.se/diagnoser/livmoderhalscancerprevention/vardprogram/triage-i-gck-samt-annan-handlaggning-av-avvikande-prover-vid-laboratoriet/


How is genotyping being used to improve screening efficiency: 

20
ASCCP 2019. J Low Genit Tract Dis. 2020 Apr;24(2):102-131; 

HPV test

HPV+ HPV-

HPV
16, 18

HPV
non-16/18

HPV test in 
5 years

Colposcopy

HPV+

Cytology

ASCUS+ NILM

Colposcopy
HPV test in 

1 year

Colposcopy

Extended genotyping HPV test

HPV+ HPV-neg

Higher 
oncogenic

16, 18

Mid oncogenic
31,33,35,39,45,

51,52,58,68

Lower 
oncogenic
56, 59, 66

HPV test in 
5 years

Colposcopy

HPV+ HPV-

Cytology

ASCUS+ NILM

Colposcopy HPV test in 
1 year

Colposcopy

HPV test in
1 year

• Group HPV into 3 
risk tiers for 
management.

• Defer triage/ Dx 
for lower risk tier, 
giving time to 
clear the infection

ASCCP Extended Genotyping algorithmASCCP Partial Genotyping algorithm

ASCCP 2025. J Low Genit Tract Dis. 2025 Apr 1;29(2):134-143.



Summary

21

1. HPV testing provides superior clinical sensitivity for high grade cervical 
interepithelial neoplasia (CIN)

• It is globally recommended as a primary screening modality
• Clinically validated tests are strongly recommended to balance clinical sensitivity and 

specificity

2. Cytology as complementary to HPV testing can address some gaps in HPV 
tests 

• HR-HPV-negative cancers (HPV-independent Ca, “borderline-oncogenic” HPV)
• HR-HPV test “false negatives” (L1 deletion, low viral copy number)



Thank you very much for kind attention

22



Discussion Questions

23

• Which countries in Asia have switched to HPV primary?
• Singapore (2019), Malaysia (2019), Thailand (2020), Australia (2017), New Zealand (2023)

• Is there evidence that switching to HPV primary reduces rates of high grade CIN / CxCA?
• See Wang 2024 in next slide: women randomized to screening with HPV primary had 28% lower 

cumulative incidence of invasive cervical cancer at 8 year follow-up.

• BD test
• Strength: US FDA approval, quality standards, clinical validation, genotyping – sufficient for WHO risk 

tiers, instrument: automated dna extraction + PCR setup + PCR in 1 instrument  = consistent results.
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• Stockholm region, Sweden
• Women randomized to cervical screening by cytology 

primary vs HPV primary test. Women followed up by 
National screening and cancer registries.

• Per protocol (women who attended screening with the 
randomized method):
• HPV (n=110,162); Cytology (n=90,813)

• Endpoint: invasive cervical cancer from recruitment 
to end of follow up (median 7.1 years)

Results: 
• Cumulative incidence of cervical cancer at 8 years 

follow-up was 28% lower in the HPV primary group 
compared to the cytology primary group.

• Among patients with known histological subtype, 
HPV-based screening prevented 34% more squamous 
cell carcinoma and 27% more adenocarcinoma
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Time from baseline (years)

Cytology primary

HPV primary

Sample size Median 
follow-up

Number of 
invasive CxCA

Hazard ratio

All CxCA

HPV primary 110,162 7.2 year 91 0.72 (0.54 – 0.95)

Cytology primary 90,813 7.1 year 104 1 (ref)

Squamous cell carcinoma

HPV primary 53 0.66 (0.46 – 0.95)

Cytology primary 66 1 (ref)

Adenocarcinoma

HPV primary 31 0.73 (0.45-1.18)

Cytology primary 35 1 (ref)Wang et al. Lancet Public Health. 2024 Nov;9(11):e886-e895.



Issues with HPV-based primary screening

25



HPV-independent Cervical Cancer (CxCA)

26

Arezzo et al., Diagnostics, 2021. doi:10.3390/diagnostics11060952
Turashvili & Park, Surg Pathol Clin, 2019. doi:10.1016/j.path.2019.01.002
Giannella et al., Pathogens, 2025. doi:10.3390/pathogens14070668

HPV-independent Cx Ca:
• ~5% of all CxCA

• Gastric type is the most common 
HPV-independent ADC, has higher 
prevalence in Asia (20-25% out of all 
ADCs) vs Western countries (10%)

• Due to mutation of host genes and 
not driven by HPV infection 

• Lack of precursor lesions – escapes 
primary and secondary prevention 
(very low sensitivity on Pap test, 
~18%)

• More aggressive and treatments are 
less effective

Not well detected by current 
screening modalities



Borderline oncogenic HPV and LR-HPV cancer 

27

de Sanjosé et al., JNCI Cancer Spectrum, 2018;2(4):pky045. 
doi:10.1093/jncics/pky045

Not recommended for cervical screening as their contribution to cervical cancer is very low

Wei et al. Lancet. 2024 Aug 3;404(10451):435-444.
HPV 26, 69, 73, 82 are classified as Group 2B (”possibly carcinogenic”)

Borderline 
HPV: < 1% 
total HPV+ 
CxCA



L1-PCR-neg, E6/E7-detected CxCA: ~5% of CxCA in Sweden

28
Roberts et al. J Clin Virol. 2006 Aug;36(4):277-82.
Mühr et al. Br J Cancer. 2020 Dec;123(12):1790-1795.

(Roberts, 2006)

• N=1848 cervical biopsies from Norwegian women
• HPV16 and HPV18 specific PCR + southern blot, 

separate primers for L1, E6, E7 genes

• N=597 HPV16-positive biopsies
• N=538 (90.1%) positive for L1, E6, E7
• N=59 (9.9%) positive for E6, E7 only (missed 

by L1 testing)

• N=111 HPV18-positive biopsies
• N=90 (81.1%) positive for L1, E6, E7
• N=21 (18.9%) positive for E6, E7 only (missed 

by L1 testing)

• no documented case of the loss of E6 and E7 upon 
HPV integration

(Mühr, 2020)

• N=2850 FFPE CxCA tumor blocks from Sweden
• HPV L1 type-specific PCR (37 genotypes)
• L1-PCR neg tested by HPV 16/18 E6/E7 PCR
• Double PCR neg tested by RNA sequencing

Results:
• N=1861 HPV 16/18 single positive CxCA

• N=1767 (94.9%) L1 PCR positive
• N=89 (4.8%) L1 PCR-neg, E6/E7 PCR-pos
• N=5 (0.3%) detected by sequencing

• N=2850 total CxCA
• N=2533 hrHPV positive (14 genotypes)

• 2310/2850 (81%) L1 PCR positive
• 141/2850 (4.9%) E6/E7 PCR pos or L1 deletion
• 82/2850 (2.9%) detected by sequencing

• N=92 (3.2%) low-risk HPV positive
• N=225 (7.9%) no HPV detected

L1-PCR-neg, 
E6/E7-pos: 

~5% of total 
CxCA



Low HPV DNA copy number and/or loss of HPV-dependency 
can lead to false negative HR-HPV test result

29Huang et al. Int J Gynecol Cancer. 2008 Jul-Aug;18(4):755-60. 
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Variable viral load in high-grade CIN and SCC ~8% of HPV DNA-positive tumors did not have E6/E7 gene expression
(May lose HPV DNA fragments as tumor accumulates more mutations)
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Total HPV mRNA Odds Ratio for gene mutation in 
HPV-inactive vs HPV-active tumor

20/261 (7.7%) 
“HPV-inactive” 
tumors

E6/E7 DNA is still present, but not expressed. Instead, other 
mutations are driving oncogenesis. → Such tumors may lose 
HPV genes as it further divides and mutates.

Banister et al. Oncotarget. 2017 Feb 21;8(8):13375-13386.



Genotype persistence vs GT switch
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Persistent non-16 is higher risk than new HPV16 infection

31
Gilham et al. Health Technol Assess. 2019 Jun;23(28):1-44.
Bonde et al. J Low Genit Tract Dis. 2021 Jan 1;25(1):27-37

• ARTISTIC trial, Manchester, UK. ThinPrep LBC, tested with HC2. 
• HPV typing by Roche Line Blot Assay, Roche Linear Array or 

PapilloCheck assay
• N=331 with persistent hrHPV @ 36 months

• N=216 (65%) same GT persistent; N=115 (35%) GT switch 
• Normal screening (cytology q3/5y) and follow up via National 

Registry 

Same GT 
persistent

Genotype 
switch



Some Korea data
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2007-2018 KNHANES: ~30% never screeners

33Kim et al. J Gynecol Oncol. 2024 Mar;35(2):e18.



34Ouh et al. J Gynecol Oncol. 2018 Jan;29(1):e14.

N=18,146 health check participants



Odds ratio for histologic HSIL+ vs NILM/LSIL by HPV genotype

35Park et al. Sci Rep. 2019 Aug 29;9(1):12556.



36So et al. Cancer Res Treat. 2016 Oct;48(4):1313-1320.

Korea HPV Cohort Study: cytological progression from ASC-US/LSIL 
to HSIL by HPV genotype (12m follow up)



Korea HPV Cohort Study: cytological progression from ASC-US/LSIL 
to HSIL by HPV genotype (36m follow up)

37Seong et al. Virol J. 2021 Sep 17;18(1):188.

LR-HPV

HPV16

HPV58
HPV33

Progression from cytology LSIL to HSIL (36m FU), 
by HPV type-persistent infection




