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Potential conflicts of interest Objectives 

To provide updates on:  
 
• HPV and its related diseases  
• Development in the elimination of HPV via 

vaccination programme internationally 
• Local initiatives in HPV vaccination 



1. Understand the importance of HPV in human 
disease 

2. Outline the basic virology and pathogenesis of 
HPV-related conditions  

3. Describe the clinical characteristics and 
epidemiologies of the major HPV-related 
diseases 

4. Evaluate current international progress 
towards the elimination of HPV 

5. Discuss challenges to the implementation of 
elimination programs 

Potential conflicts of interest Structure 
At the end of this session you should be able to: 



• Major human oncogen 
• Responsible for ≈ 500,000 deaths 

annually 
• “Benign” disease associated with 

disfiguring conditions & major 
economic implications 

• Commonest STI 
• Entirely preventable 
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The Lancet. Global health 2016;4(9):e609-16 

Global burden of cancers attributable to infections in 2012 
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Attributable Fractions of infectious agents, by cancer type  

Site of cancer Proportion attributed to high risk HPV 



Cervix - 100% Anus 
95% Vagina – 65% Penis 

35% Vulva – 50% 

Oropharynx  
70% 

(tonsils + base 
of tongue) 

5% global 
cancers 

attributable 
to HPV 

https://www.cancer.gov/about-cancer/causes-prevention/risk/infectious-agents/hpv-fact-sheet 



Selected cancers in Hong Kong (2015)  
Site ASR Number %HPV n = HPV 

Lip, oral cavity and 
pharynx, (except NP) 

4.7 628 70% 440 

Cervix 7.6 500 100% 500 
Vag/Vul/other female 
gen 

1.0 85 60% 51 

Penis (0.5) 35 35% 12 
Rectum/anus 13.9 1992 ? (95%) ? 
Colon 19.7 3044 - - 
Nasopharynx 7.5 1504 - - 

≥1003 
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Virology & pathogenesis 
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HPV = 55nm 

Icosahedral capsule 

Virology of HPV 

Circular, double stranded DNA ≈ 
8000bp 



    

Human Papillomavirus (HPV)  

HPV = 55nm 

Virology of HPV 

HIV = 100nm 

Human Immunodeficiency Virus 
(HIV) on a T cell 



There are many types of HPV 

Doorbar J et al Vaccine 2012;30;(S5): F55-F70 



HPV-16 phylogenetic tree based on E6 sequencing 

Tamegão-Lopes BP et al. Infect Agent Cancer. 2014;9:25 



Simplified phylogenetic tree (L1) 

Kim KH. J Korean Med Assoc. 2008;51(2):144-57 

“Low risk 
HPV types” 

“High risk 
HPV types” 

“High risk 
HPV types” 



Simplified phylogenetic tree (L1) 

Kim KH. J Korean Med Assoc. 2008;51(2):144-57 

“Low risk 
HPV types” 

“High risk 
HPV types” 

“High risk 
HPV types” 

HPV types 6 & 11 = Low risk HPV type 16 = High risk 



Potential conflicts of interest 
Infection with HPV 



No infection 
(asymptomatic) 

Potential outcomes of 
HPV infection 



Transient (re-) infection 
most cases 

(asymptomatic) 

No infection 
(asymptomatic) 

Potential outcomes of 
HPV infection 



Persisting 
infection 

Transient infection 
(most - asymptomatic) 

No infection 
(asymptomatic) 

Potential outcomes of 
HPV infection 



Persisting 
infection 

Transient infection 
(most - asymptomatic) 

No infection 
(asymptomatic) 

“Benign” (≈4%) Malignant 

Potential outcomes of 
HPV infection 

Depending on HPV genotype 



Normal skin structure 

.Alonso, L.,Fuchs, E. Proc Nat Acad Sciences 2003;100(Suppl 1):11830-35 

Cellular 
maturation 



Cervical squamo-columnar junction 

Stratified squamous epith Columnar epith 



Viral processes in HPV infection 

Sites of physical 
vulnerability 



Viral processes in HPV infection 

Sites of physical 
vulnerability 

Only basal cells are 
permissive of infection 



Viral processes in HPV infection 

HPV-induced cellular changes 
ascend through epithelium 

(effects depend on HPV type) 



Frazer  IH. Nat Rev Immun 2004;4(1):46-54 

Immunological processes in HPV infection 

Normal HPV-infected 



Frazer  IH. Nat Rev Immun 2004;4(1):46-54 

Immunological processes in HPV infection 

Normal HPV-infected 

HPV-infected cells become “invisible” to the immune system  



 
 

F>M 

Risk factors for HPV-associated cancers 

Age 
Behaviour 

Immunity 
Genetics 

Persisting HPV infection Low risk HPV 

High risk HPV 

Benign 
Cancer 



HPV-16 genome 

Riemer AB etv al J Biol Chem 2010;285(3):29608–22 



HPV-16 genome 

Riemer AB etv al J Biol Chem 2010;285(3):29608–22 



HPV-16 genome 

Riemer AB etv al J Biol Chem 2010;285(3):29608–22 



http://oralcancernews.org/wp/wp-content/uploads/2012/07/cure01.png 

HPV E6/E7 –induced oncogenesis 
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HPV E6/E7 –induced oncogenesis 
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HPV E6/E7 –induced oncogenesis 



http://oralcancernews.org/wp/wp-content/uploads/2012/07/cure01.png 

HPV E6/E7 –induced oncogenesis 

HPV E6/E7 proteins bind to/inactivate 
p53 and Rb  

→ unchecked DNA replication  



Potential conflicts of interest Clinical characteristics – “benign” 3 

• Most infections are asymptomatic 
• Highly infectious 
• Exposure almost universal 
• Commonest STI (≈4% pop) 
• HPV types 6/11 gain entry at sites of 

epithelial trauma 
• Disfiguring 
• Psychological & relationship consequences 
 
 



Potential conflicts of interest Benign HPV treatment 3 

• No treatments directly eliminate HPV 
• Seek to expose immune system to HPV 

antigens & enhance response 
–  cryotherapy, cautery (surgery) 
– podophyllotoxin, imiquimod 

• Work in ≈75% of cases 
• ≈25% recurrences  
• 10% will have another STI 

 
 

 
 



Potential conflicts of interest Clinical characteristics - malignant 3 

• Best understood for cervix 
• Initial stages are asymptomatic 
• HPV16 = commonest type 
• Exposure almost universal 
• Infectious 
• Causes ≈5% of global cancers 
• HPV gain entry at sites of epithelial trauma 
• Prognosis closely related to stage at diagnosis 
• ≈ 65% five year survival 
 



Malignant HPV Infection 
≥ 80% caused by HPV 16 & 18 



Potential conflicts of interest Clinical characteristics - treatment 3 

• Prognosis closely related to stage at diagnosis 
• HSIL (“CIN2/3”) treatment best established for 

cervix 
• Rx varies with site: 

– loop excision 
– surgery – often extensive 
– chemoradiotherapy 
– PD1 blockers promising 

• ≈ 65% five year survival (unless screening in 
place) 
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Adapted  from: WHO Guide to introduction of HPV vaccine into national immunization programmes 
http://www.who.int/immunization/documents/en/ 

Vaccination 

Secondary 
prevention 

Preventing HPV-related diseases 

Primary 
prevention 

Tertiary 
prevention 

Detection + Rx 
of pre-cancer 

Early detection 
+ Rx of cancer 

13years 35 years > 50 years 
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• HPV highly infectious 
• Oral & digital transmission 
• Does not require penetrative sex  
• Condoms only partially protective (25-60%) 

 

 
 



Prophylactic vaccination 
• Highly immunogenic (VLP) 
• Local toxicity (≈ 85% soreness) 
• No convincing evidence of systemic toxicity from 

double blind trials (>100,000 recipients) 
• Potential to save millions of young lives 
• Must be given prior to exposure 
• 100% efficacy to >14 years 
• Some evidence of cross-protection to closely 

related HPV genotypes 
• Not a therapeutic vaccine  

 
 

 
 



Prophylactic HPV vaccination 

Sites of physical 
vulnerability 



Prophylactic HPV vaccination 



Prophylactic HPV vaccination 

No effect on cells already infected with HPV 
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Female vaccination  
Since 2006: 
12-13 years + catch up for < 24yrs 
 
Male vaccination  
Since 2013:   
12-13 years + 2014 catch up for 14-15 yrs 



Potential conflicts of interest 
Australian experience 

3 

≈ 75% uptake of vaccine 
 

From 2018: 
• Switched to x 2 doses of Gardasil 9 
• HPV-based cervical screening 
 



63 Ali H et al Br Med J 2013;346:2032 

 % Australian born het ♀  genital warts at 1st visit  
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Female patients by age of ≤ 21 at consultation (only eligible 
women <28 in 2007) 

0
2
4
6
8

10
12
14
16
18
20

2004 2005 2006 2007 2008 2009 2010 2011

% Female≤21

3 months data only for 2011  
Median age vaginal sex in women Australia about 16-17 
Assume by 2011 many women ≤ 21 will have not had sex and  
Will have received the HPV vaccine at School  

48% reduction per year, P<0.001 

↑9%, P=0.32 

↑ Proportion vaccinated as virgins 

2 cases 
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 % Australian born MSM with genital warts at 1st visit  

Ali H Br Med J 2013;346:2032 



66 

 % Australian born with chlamydia at 1st visit  



Ali  H et al Medical J Australia  2017;206(5):204-9 



68 Brotherton JML Lancet 2011; 377: 2085–92 

Incidence of high-grade cervical abnormalities 

Vaccination program 

Decline of 0·38%  
(95% CI 0·61–0·16) 

No effect in 
older groups 



HPV vaccination coverage in 
different countries 

 

Kessels SJM, et al. Vaccine, Volume 30, Issue 24, 21 May 2012. 



140 million person-years of follow-up data  
 
Nine high-income countries with high vaccination coverage: 
 
• ↓HPV16 + HPV18 infection + AGW by > 60% in girls <20 years 

of age 
 
• Significant evidence of vaccine cross-protection and herd 

effects: 
 ↓ in HPV31, HPV33, and HPV45 in girls <20 years  
 ↓ AGW in men and older women 
 

Drolet M et al Lancet Infect Dis. 2015 May; 15(5): 565–80 

 % Population-based meta-analysis 



Countries with low vaccination coverage: 
 
• Significant ↓ in HPV16 + HPV18 + AGW in girls <20 years of age  
 
 
• No change in:  
 HPV31, HPV33, and HPV45 infections  
 HPV-related outcomes in boys, men, and older women  
 
(i.e. no indication of cross-protection or herd effects) 
 

Drolet M et al Lancet Infect Dis. 2015 May; 15(5): 565–80 

 % Population-based meta-analysis 



• Optimising vaccine delivery 
–  include boys 
–  improved access for girls 
–  smaller number of doses 
–  when/if need to boost  
–  extend to older groups? 

 
 
 

 
 

Research questions 1° prevention 



The argument for gender-neutral 
vaccination 

 
 

 
 

Research questions 1° prevention 



Sexually Transmitted Diseases 2013;40(11):833-835 

Female Male Current situation 



Sexually Transmitted Diseases 2013;40(11):833-835 

Female Male Future models 





• Silent epidemic 
• Female empowerment 
• Fake news 
• Maintaining momentum 
• Surveillance to demonstrate efficacy 

Potential conflicts of interest Challenges to HPV vax programs 



Understand the importance of HPV in human 
disease 

Outline the basic virology and pathogenesis of 
HPV-related conditions  

Describe the clinical characteristics and 
epidemiologies of the major HPV-related 
diseases 

Evaluate current international progress towards 
the elimination of HPV 

Discuss challenges to the implementation of 
elimination programs 

Potential conflicts of interest Summary 





High Resolution Anoscopy  
Workshop 2018 

 
29-30 September 2018 * 

St Vincent’s Hospital, Sydney, Australia 
www.iansoc.org 

 
* This will take place alongside HPV 2018 – The 32nd International Papillomavirus Conference (1-6 October 2018) 
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