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Cervical cancer, etiology and infections

• Bible - Circumcision

• Early 1900 - Gonorrhea

• Early 1970ies - Herpez infections

• Early 1980ies - Chlamydia trachomatis infections

• Late 1980ies - Human Pappillomavirus infections



HPVs «causal» relationship to cervical cancer is based on data from

• Prevalence studies (1990ies)
• Case-control studies (1990ies)
• Prospective cohort studies (starting in the 1990ies)
• Laboratory studies on molecular mechanisms for loss of cell control
• Vaccine trials (after 2007)



German cervical cancer samples
61% (11:18)  HPV 16 positive

Samples from Kenya/Brazil
35% (8/23) HPV 16 positive

Conclusion:
The data indicates that HPV 16 prevails
in malignant tumors.

2008

1983



Africa Central and Southeast Europe North

South Ameri. Asia Ameri. Total

N=186 N=505 N=98 N=83 N=57 N=932

(%) (%) (%) (%) (%) (%)

HPV

16 43 51 43 65 58 50

16+ 13 18                  8 14 5 15

18 18 10 32 8 16 14

18+ 15 13 11 6 16 13

56 3 0.6 3 2 4 2

51 1 1 0 0 0 0.8

26 0 0.8 0 0 0 0.4

55 0 0.4 0 0 0 0.2

6 0 0.2 0 0 0 0.1

11 0 0.2 0 0 0 0.1

Prevalence studies:   HPV in Cervical Cancer (22 countries/PCR 25+ types)

Bosch XF et al. Prevalence of Human Papillomavirus in Cervical Cancer:  a World Perspective.                                 
J Natl Cancer Inst 1995;87:796-802

1995



HISTOLOGICAL 

TYPE/ Squamous Adeno- Adeno-

Ca. Squamous

N=881   N=25 N=18

(%) (%) (%)

HPV/

16 51 28 17

16+ 15 0 11

18 12 56 39

18+ 12 12 28

Other 6 0 0

HPV-NEG 7 4 6

Total HPV-POS 93 96 94   (in total 93%)

Bosch XF et al. Prevalence of Human Papillomavirus in Cervical Cancer:  a World Perspective.                                 
J Natl Cancer Inst 1995;87:796-802

Prevalence study:   HPV in Cervical Cancer (22 countries/PCR 25+ types)

1995



157 879 women 36 countries

DNA crude prevalence

Normal cytology



Persistent HR HPV infections  - malignant cell transformation

HPV (+)

Normal

HPV (-)

CIN I CIN 1I CIN 11I CC

Carcinogenesis: 15-25 years from normal cell to cancer

Cases

Controls

Controls

Prevalence

HPVs «causal» relationship to cervical cancer is based on data from…
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Summary -The data accumulated supports:

• The unique carcinogenic strength of HPV 16.

• The importance of HPV 18 and genetically related types in causing adenoca. 

• The weaker but still clear carcinogenic potential of six additional types in alpha-7 

(HPV 45) and alpha-9 (HPV 31, 33, 35, 52, and 58), 

HPV 52 and 58 are relatively more prevalent in Asia than in other regions, 

HPV 33 is most clearly prevalent in Europe

HPV 45 has particular regions where it is prominent.

• The small, and less certain, incremental etiological contributions 

from alpha-5 (HPV 51), alpha-6 (HPV 56), and alpha-7 (HPV 39 and HPV 59).                   

Each causes a few percent at most of cervical cancer cases 

worldwide, although regional variability has been observed.

• Acknowledgement of an unresolved dividing line between the HPV types 

with the weakest evidence judged to be sufficient, and those with evidence judged 

highly suggestive yet limited (alpha-7 HPV 68 and alpha-11 HPV 73).

«Oncogenic
types»



Persistent HR HPV infections  - malignant cell transformation

HPV (+)

Normal

HPV (-)

CIN I CIN 1I CIN 11I CC

Carcinogenesis: 15-25 years from normal cell to cancer

Cases

Controls

Controls

HPVs «causal» relationship to cervical cancer is based on data from…



Tjalma WA et al. Int J Cancer 2013;132:854-67.  

Single versus multiple infections; summarizes to > 100%

Europe



Rad A et al.  HPV types in cervical cancer in South Africa. Medicine (2017) 96:47(e8752) 

44 types9 types

mRNA and DNA diagnosed HPV types in cervical cancer in South Africa

Overall, HPV was detected in 95.2% (159/167) of specimens. 

The DNA- and mRNA tests each rendered 91.6 % (153/167)

9 high-risk HPV-types included in the mRNA test, 91.6% (153/167)                          

DNA test, 88.0% (147/167)

Hierarchial analytic strategy,

infections count once, only.

Ex.: 16,35=16; 18,45=18



HPVs «causal» relationship to cervical cancer is based on data from

• Prevalence studies (1990ies)
• Case-control studies (1990ies)

• Prospective cohort studies (starting in the 1990ies)
• Laboratory studies on molecular mechanisms for loss of cell control
• Vaccine trials (after 2007)



Follow-up: 1 , 4 and thereafter every 6 months for at least 24 months

2008



CIN 2-3

Duration of infection

1992
«Causal path»
Prospective study



Study design: Cohort study – natural course of HPV
Selection of participants: Random sample from the general female population
Recrutment years: 15 May, 1991 to January 31, 1993
Age: 20-29 yrs
Inclusion: 11 088 women - routine screening with Pap-smear

1st follow-up after 2 yrs: 8 656 women met (78% of initial sample)
Study population: 7 482, both visits, normal smear at 1st visit
Outcomes collected passively Danish pathology data bank
HPV-test HC2 (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,  69)

Many genotypes with other PCR-methods

HPV-stratification: HPV-16+, HPV-18+ (not HPV-16)*, HPV-31*, HPV-33* 



Incident infections – duration – HPV-16: spontaneous regression/latency (?) - > 70%

Persistent infection – duration – HPV-16: RISK for CIN3 over 12 years: ~ 26-27%

35, 39, 45, 51, 52, 56, 58, 59,  69



Persistent infection - HPV transmission has taken place before study start

Illustrates the progression to CIN 3 in prevalent and incident cases

Driven by HPV 16



Time to the development of cervical disease related to HPV 31, 33, 45, 52, or 58 

High-grade cervical disease was defined as grade 2 or 3 cervical intraepithelial neoplasia or adenocarcinoma in situ. 

Analyses of the per-protocol efficacy population (C), which included participants who received all three doses of vaccine within 1 year, 

were seronegative at day 1, and PCR-negative from day 1 to month 7 for the HPV type being analysed, and had no protocol deviations 

that could affect the evaluation of vaccine prophylactic efficacy.

Analyses of) the modified intention-to-treat population (D including participants who received one or more 

doses of vaccine and had efficacy follow-up for the relevant endpoint, including participants who tested positive or negative for HPV DNA at 

the time of vaccination. 

Huh WK, Joura EA, Giuliano AR et al. Final efficacy, immunogenicity, and safety analyses of a nine-valent 

human papillomavirus vaccine in women aged 16–26 years: a randomised, double-blind trial.                             

Lancet 2017; 390: 2143–59

9vHPV vaccine: 6,11,16,18,31,33,45,52,58 4vHPV vaccine: 6,11,16,18

Per-protocol efficacy population (C), Modified intention-to-treat population (D)

RCT 
N=14 215 (eligible)
Recruited: 
Sept. 2007 through Dec. 2010,
105 study cites/18 countries
Age: 16-26 years
• No previous CIN
• No prev. abnormal smears
• ≤ 4 life time partners

CIN 2 (31,33,45,52,58)

1:5949   // 32:5943

CIN 3 (31,33,45,52,58)

0:5949   // 7:5943

16.6/10 000 w-yrs.

31,33,45,52,58

Final efficacy analyses of a nine-valent human papillomavirus 

Cumulative incidence line - trade of screening/testing - 2%



Our study

Primary screening with
Proofer 5
mRNA 16, 18, 31, 33, 45

Normal cytology at baseline 

In this presentation extended follow-up through December 31th, 2015

In this publication follow-up through December 31st, 2009



HPV-result

25-33 yrs.

N=2 610

%

34-69 yrs.

N=6 972

%

Total

N= 9 582

%
HPV negative

HPV positive

HPV-16

HPV-18 (not 16)

HPV-31/-33/-45 (not 16/not 18)

94.3

5.7

2.8

0.8

2.1

97.8

2.2

1.0

0.3

0.9

96.8

3.2

1.5

0.5

1.2

HPV mRNA-status at study start by age (%)

All participants had normal smear

• At least 1 follow-up reported to NCR

Hierarchial analytic approach



Cumulative incidence of CIN 3 by mRNA HPV-types

Months of observation

mRNA 31,33,45 (not 16, not 18)

mRNA 18 (not 16)

mRNA 16

mRNA/cytology negative at baseline
10-year risk of CIN 3 = 1.0%



Cumulative incidence of CIN3+ by age and HPV mRNA-status at study start

Study population
N=9 582 women (eligible)
Recruited: 2003/2004
Age: 25-69 years
• No previous CIN
• No prev. abn. smears
• Normal smear at screening

Follow-up: 31st Dec., 2015

Cumulative incidence line - trade of screening/testing - 2%

Norway: has implemented a 5-years interval in HPV DNA primary screening

Duration of infection? 10 years risk of CIN 3 - cumulative incidence –
1.0% for mRNA/cytology negative at baseline



Conclusions: 

The present cum. inc. of CIN3+ is similar to rates reported in primary screening studies with HPV DNA

Owing to differences in biological rationale and test characteristics, there is a trade-off between sensitivity and specificity that must be 
balanced when decisions on HPV tests in primary screening are taken. 

HPV mRNA testing may be used as primary screening for women aged 25–33 years and 34–69 years.

Baseline – 2003/04 – extended update through December 31sth, 2015; analysis through 10 years



HPV (+)

Normal

HPV (-)

Malign cell transformation –

persistent HR HPV infection –

oncogenic properties of types from

Case-control and cohort studies

CIN I CIN II CIN III
INV.

CANCER

Carcinogenesis: 15-25 years from normal cell to cancer

16,18, 45

31, 33, 35, 52, 58 

39, 51, 56, 59 68, 73 ?

mRNA 16,18, 31, 33, 45



Our understanding of the different HPV types as «causal» in the
carcinogenesis of cervical cancers and other cancers         

needs confirmatory molecular/immunologic data 
from laboratory studies on mechanisms for loss of cell control
(yields HPV 16 primarily)

Our understanding has consequenses for test properties, mRNA-/DNA-based, 
other tests related to case-finding,

• Treatment of premalignant lesions/prevention, whick implies
• Over-diagnosing
• Over-treatment


