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Summary of European and North 

American studies

Sensitivity Specificity

HPV 96% 92%

CYTOLOGY 53% 97%

Cuzick et al, IJC 2006



HUMAN PAPILLOMAVIRUS (HPV) AND CANCER

HPV is now well established as the necessary 

cause of cervical cancer

 increasing trend to use HPV-DNA testing for 

screening,triage and follow-up purposes.
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2nd edition: European 

Guidelines on Quality 

Assurance in Cervical 

Cancer Screening

Editors

Arbyn M, Anttila A, Jordan J, Ronco G, Schenck U, 

Segnan N, Wiener H, Herbert A, von Karsa L

(IARC, Lyon)

Luxembourg: Office for Official Publications 

of the European Communities (2008)
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European Council recommendation 
(2 December 2003)

Screening only offered in organised programmes

 Monitoring & QA at all levels: invitation, participation, screen 

test, follow-up of screen+, treatment, after-care, registration, 

data-linkage (privacy!)

Screening in accordance with evidence-based 

guidelines
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1ary screening of HPV? (2008)

•Not (yet) in mass screening programmes

•Accepted only in quality-controled pilot programmes

•Further evidence of efficacy and effectiveness 

needed: 
• less CIN3 in 2nd screening round of RCTs in HPV- compared 

to cyto- at baseline

• accepted as surrogate for reduced incidence of cancer

Arbyn et al, Ann Oncol 2010
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Supplements to the 2nd edition

HPV testing in:

 Triage of minor cytology

 Follow-up after treatment

 1ary screening

 Quality control of cervical cytology

HPV vaccination
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HPV testing in 1ary screening:

Accuracy to detect hgCIN 

(cross-sectional studies)
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Overall  (I2 = 87.9%, p = 0.000)

China

Sankaranarayanan, K1, 2004

Kuhn, 2000

Mayrand, 2007

Salmeron, 2003

Belinson, 2003

Qiao, 2008

Cagle, 2010

Clavel, 2001

Kitchener, 2009

Belinson, 2001

Petry, 2003

Industrialised countries

Blumenthal, 2001

Bigras, 2005

Ratnam, 2000

Cuzick, 2003

Cuzick, 2008

Sankaranarayanan, M, 2004

Sarian, 2005

Inoue, 2006

Subtotal  (I2 = 85.8%, p = 0.000)

Subtotal  (I2 = 60.7%, p = 0.005)

Ronco, 2006

Sankaranarayanan, T2, 2004

Schiffman, 2000

Coste, 2003

Almonte, 2007

Subtotal  (I2 = 0.0%, p = 0.906)

Developing countries

Study

0.91 (0.89, 0.94)

0.50 (0.37, 0.63)

0.88 (0.82, 0.95)

0.95 (0.86, 1.04)

0.93 (0.88, 0.98)

0.97 (0.95, 0.99)

0.97 (0.93, 1.01)

0.96 (0.91, 1.00)

1.00 (0.98, 1.02)

0.93 (0.91, 0.95)

0.95 (0.91, 1.00)

0.98 (0.94, 1.02)

0.81 (0.75, 0.86)

0.98 (0.94, 1.01)

0.84 (0.68, 1.01)

0.97 (0.94, 1.00)

0.86 (0.73, 0.99)

0.70 (0.59, 0.82)

0.83 (0.73, 0.92)

0.95 (0.93, 0.98)

0.80 (0.74, 0.87)

0.96 (0.95, 0.98)

0.98 (0.95, 1.00)

0.80 (0.70, 0.90)

0.89 (0.83, 0.94)

0.95 (0.88, 1.02)

0.77 (0.71, 0.83)

0.97 (0.95, 0.98)

100

2.25

3.98

3.22

4.60

5.46

4.94

4.67

5.39

5.36

4.77

4.85

4.47

5.11

1.64

5.17

2.23

2.58

3.14

5.31

32.6

47.6

5.30

2.92

4.50

3.98

4.17

19.9

Sensitivity (95% CI) Weight %

0 .2 .4 .6 .8 1
Sensitivit

y

Sensitivity of HC2 to detect CIN2+ in 1ary screening



10

Sensitivity of HC2 for CIN3+ (China)

Zhao, Lancet Oncol 2010; Arbyn 2010, Lancet Oncol 

2010
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Accuracy of HC2 to detect high-grade 

CIN

1. Absolute sensitivity:

• CIN2+: 91% (95% CI: 88.6-93.6%) [24 studies]

• CIN3+: 98% (95% CI: 96.4-98.9%) [7 studies]

2. Specificity:

• CIN2+: 88% (95% CI: 86.7-90.2%) [23 studies]

3. Relative sensitivity vs cytology 

• 1.23 (1.14-1.33) if ASCUS+; 1.38(1.25-1.52) if 

LSIL+

4. Relative specificity vs cytology

• 0.97(0.96-0.98) if ASCUS+; 0.91(0.90-0.92) if 

LSIL+
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Randomised trials
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Study characteristics

Trial Age groups Screening Tests

India 30-59 VIA, HC2, CP vs no screening

Finland 30-60* HPV-cyto-triage vs CP

Italy 20-34,35-60 1) HC2 + LBC vs CP

2) HC2 vs CP

NL 30-60 GP5+/6+ PCR & CP vs CP

Sweden 32-38 GP5+/6+ PCR & CP vs CP

UK 20-64 HC2 + LBC vs LBC

Canada 30-69 HC2 + CP vs CP + HC2

1 municipality: 26-65
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Study characteristics (2)

• Various follow-up protocols for screen+

• Sometimes varying by age

• Different levels of blinding of gold 

standard verification

• For all trials: PPV, DR of CIN2, CIN3/AIS+

• 4 trials: CIN3+ at 2nd screening round

• 1 trial: I & M from cervical cancer 
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Baseline results: relative sensitivity for CIN2+

Arbyn, Lancet Oncol 2009

← Cytology best HPV best →

1.92 (1.28, 2.87)

Overall  (I2 = 75.0%, p = 0.000)

Naucler, 2007

Mayrand, 2007

Ronco, 2006*

Kitchener, 2009

Leinonen, 2009

Industrialised countries, CP

Ronco, 2008

Subtotal  (I2 = 0.0%, p = 0.910)

Developing countries

Bulkmans, 2007

Industrialised countries, LBC

Sankar, 2005

1.42 (1.06, 1.91)

1.69 (0.83, 3.45)

RR (95% CI)

1.43 (1.00, 2.04)

1.43 (1.12, 1.84)

1.52 (1.33, 1.75)

1.64 (1.17, 2.31)

0.88 (0.76, 1.03)

RR (95% CI)

1.06 (0.87, 1.28)

1.3 .5 1 2 3

Detection rate ratio
*Age >=35 years
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(HPV & cyto) vs HPV alone

Overall  (I2 = 0.0%, p = 0.983)

Kitchener, 2009

Bulkmans, 2007

Study

Ronco, 2006*

Mayrand, 2007

1.06 (0.95, 1.19)

1.07 (0.94, 1.22)

1.08 (0.81, 1.44)

1.05 (0.57, 1.93)

1.00 (0.72, 1.38)

1.3 .5 1 2 3

Relative sensitivity

RR (95% CI)

Arbyn, Lancet Oncol 2009

Detection of CIN2+, 1st screening round

← HPV alone 

best

Combination best →

*Age >=35 years
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0.47 (0.35, 0.63)

0.52 (0.28, 0.97)

0.43 (0.28, 0.66)

0.48 (0.21, 1.11)

0.53 (0.29, 0.96)

HPV- vs cytology based screening

CIN3+ in 2nd round among in women with negative screen 

test at baseline

Arbyn, Lancet Oncol 2009 

Ronco, Lancet Oncol 2010

Overall  (I2 =0.0%, p=0.93)

Kitchener, 2009

Bulkmans, 2007

Ronco, 2010* 
(Phase 1 &2)

Naucler, 2007

RR (95% CI)

1.3 .5 1 2 3

Detection rate ratio *Age >=35 years
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Longitudinal results RCTs: HPV vs cyto 

screening

Incidence of cervical cancer

Sankar 2009 NEJM; Ronco, Lancet Oncol 2010; Arbyn Lancet Oncol 2009; Naucler 

NEJM 2007; 

Italian trial: HPV vs. Cyto group: 0 vs 9 cases 

Swedish RCT: 1 vs 5 cases 

Dutch trial: sign reduction in HPV arm

Indian trial: -53% incidence (II+), -47% 

mortality 
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Conclusion: hrHPV DNA testing

Arbyn, Lancet Oncol 2009

• More sensitive but less specific than cyto to 

detect CIN2+ & CIN3+

• Accuracy estimates less variable than cytology

• Combined screening (cyto + HPV) does not 

increase sensitivity but decreases specificity 

and generates costs & adverse effects

• Less CIN3+, less invasive cancer among 

women with negative HPV test at base line
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Conclusion: hrHPV DNA testing

• HPV screening with validated tests: good 

reproducibility, less ~ skilled human 

resources

• HPV screening will allow extending 

intervals, but this will require a high level 

of organisation otherwise explosion of 

follow-up examinations

• Reduced specificity requires appropriate 

triage (cytology, typing 16/18, p16, RNA-5 

types, persistent (type-specific) infection
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Conclusion: hrHPV DNA screening

• Start HPV screening: not before 30 (35)Y

• Stop: 60/65Y

• Interval: 5-7Y 

• Whatever the choice of future 1ary 

screening : the main factor of success 

will be the availability of a good 

organised and monitored system
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Ready by 2011

Supplements to 

EU guidelines

on 

HPV screening 

and vaccination





HPV group Cytology 
group

p value

All ages pooled

Screening round 1 7 9 0.62

Screening round 2 0 9 0.004

Total over first 2 rounds 7 18 0.028



SCREENING FOR HPV

 Focused on increasing the overall proportion 

of women participating in cervical cancer 

screening procedures

HPV detection in self-obtained samples, such 

as vaginal and urine specimens



HPV TEST

2.Which method;

Target amplification
 PCR, type-specific PCR, real time PCR

 DNA microarrays

 DNA sequencing

 mRNA

Signal amplification
 Hybrid capture



Different HPV Tests commercially avaliable
LR=ταμηλού κινδύνοσ, HR=συηλού κινδύνοσ



PCR με τρήζη εκκινηηών ζσναίνεζης

Molijn et al., J Clin Virol. 2005





Screening – Post Vaccination

Longer screening intervals

 Requires knowledge of vaccination history

 Older women beyond vaccination age still need 

screening for 40+ years

Self –Sampling ??

 Only sensitive with HPV testing



SELF-SAMPLE

 Self-sampling is a less costly and non-

invasive collection procedure

Numerous studies have reported lately that 

self-obtained samples of the anogenital tract 

in women were accurate and suitable for 

DNA testing 







HPV SCREENING DURING ANTENATAL VISITS

 increase participation 

early detection 

cost-effective for patients and the health 

services.



HPV SCREENING
Additional tests:

HPV genotyping 

(16,18,… types)

hrHPV mRNA analysis

p16, L1, etc. (progression markers)

Viral load analysis (?)





STUDY

 screening for hrHPV types in first void urine 
and vaginal samples in 500 pregnant women 
attending the antenatal clinic

 compare them with 250 non pregnant women 
hr HPV incidence rates from the same area in 
central Greece (University hospital of Larissa).



URINE SAMPLES

 first void urine is the best sample because of 
the presence of more epithelial cells

Urinalysis and urine microscopy was 
performed

QIAamp Viral RNA Mini Kit (Qiagen Inc., 
Valencia, CA) was used for DNA extraction, 
which is considered to be more suitable for 
urine samples



METHODS

QIAamp  DNA Mini Kit (Qiagen Inc., Valencia, 
CA) was used for DNA extraction

 Vaginal  swabs and urine samples were 
tested by an in house  PCR method for the 
detection of hrHPV types 16,18,31 and 45

 The quality of sample was validated by 
detection of the housekeeping gene beta-
globin with an in-house PCR



THE EIGHT MOST COMMON TYPES BY DECADES

1940-59 1960-69 1970-79 1980-89 1990-99 2000-9 GLOBAL

HPV 16 HPV 16 HPV 16 HPV 16 HPV 16 HPV 16 HPV 16

HPV 18 HPV 18 HPV 18 HPV 18 HPV 18 HPV 18 HPV 18

HPV 45 HPV 31 HPV 45 HPV 45 HPV 45 HPV 45 HPV 45

HPV 31,52 HPV 45 HPV 31,33 HPV 31 HPV 33 HPV 33 HPV 33

HPV 33 HPV 33 HPV 35 HPV 33 HPV 31 HPV 31 HPV 31

HPV 35 HPV 51 HPV 52 HPV 58 HPV 52 HPV 52 HPV 52

HPV 58 HPV 52 HPV 39 HPV 52 HPV 58 HPV 58 HPV 58

HPV 39 HPV 58 HPV 51 HPV 59 HPV 35 HPV 35 HPV 35

1

2

3

4

5

HPV types 16, 18, are the 1st and 2nd most common types over 

all time periods

6

7

8

Ranking using crude estimates Alemany et al. In preparation



RESULTS

PREGNANT

(500)

N of 
vaginal 

swabs

N of 
urine 

samples

% of 
total 

samples

NON 

PREGNANT

(250)

N of 

vaginal 

swabs 

N of 
urine 

samples

% of 
total 

samples

HPV 16 7 7 1.4 HPV 16 4 3 1.6

HPV 31 3 2 0.6 HPV 31 2 1 0.8

HPV 18 1 1 0.2 HPV 18 1 1 0.4

HPV 45 1 1 0.2 HPV 45 1 1 0.4







HPV Typing

14 High-risk types accepted

HPV 16 most persistent and related to CIN3+

HPV 18/45 also more related to CIN3+ and 
lesions in the endocervical canal not easily 
visualised on colposcopy

Management of HPV 16 and possibly 18/45

should be more aggressive than for other HR types



RESULTS

HrHPV detection rate was similar in pregnant 

and non pregnant women

 The urine/vaginal detection sensitivity was 

higher in pregnancy because first void urine 

samples from pregnant women contain two or 

more epithelial cells per field in urine 

microscopy 



CONCLUSIONS

 As expected, HPV16 was the most common 

type in our sample

 Its prevalence is similar to that described for 

Southern Europe (1.2%)(De Sanjose et al., 

2007) and for Greece (1.4%) (Agorastos et 

al., 2009)



CONCLUSIONS

Urine and vaginal samples are easily 

collected during antenatal visits

Useful for screening young women who are 

asymptomatic and for personal or cultural 

reasons would not participate in a cervical 

specimen screening program

Could be combined with Chlamydia and other 

STD screening


