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Good afternoon, my name is melina Georgousakis and I am a research officer in policy team at NCIRS in Sydney. I hope to change tact a bit for the afternoon, which was nicely introduced by Laurie, and talk about HPV vaccination of males, reviewing the evidence that ultimately feeds into to the question, is HPV vaccination of boys cost effective. 



HPV Vaccination to date

April 2007 –Australian HPV vaccination 
program (NIP)
• girls 12 and 13y school based (on-going) 
• girls 13 – 18y school catch-up (ceased end 2008)
• women up to 26y catch-up (ceased end 2009). 

The National HPV Vaccination Program Register
• High coverage school based program                             

(>70% girls 12-13y 3 doses)
Early evidence of benefit of vaccination program in 
population (GW and high-grade cervical abnormalities)

Brotherton, J et al. (2011). "Early effect of the HPV vaccination programme on cervical 
abnormalities in Victoria, Australia: an ecological study." The Lancet 377(9783): 2085-2092
Read, T et al. (2011). "The near disappearance of genital warts in young women 4 years after 
commencing a national human papillomavirus (HPV) vaccination programme." Sexually 
Transmitted Infections.
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Until recent years, majority of the evidence around HPV vaccination was soley in females. Clinical trials of efficacy of HPV vaccination in thousands of women led to registration of 4vHPV then 2vHPV in women up to 45 years of age for prevention of disease and infection (HPV) types 6, 11, 16 and 18 . As HPV is a sexually transmitted disease, evidence demonstrated that highest level of protection achieved when vaccine given prior to sexual debut where HPV exposure occurs. In response to this evidence, Australian was the first country to introduce a funded- HPV vaccination program, which under the NIP funded vaccine for adolescent girls 12 – 13 years, school based catch-up program girls up to 18 years ceased end 2008, and community based catch up program required all doses be given prior to female reaching 27 years fo age, which ceased at end of 2009.
In conjunction with vaccine program, A National HPV Vaccination Program Register was established to record and monitor vaccine up-take among women. Data extracted from NHVPR as of March 2011 of 73% girls 12-13 years of age in mid 2007 received all three doses of vaccine, although lower up-take in older ages who received vaccine through community based catch-up program was lower (38% 18 – 19, 30% 20 – 26). 



HPV vaccines for use in males

4vHPV vaccine registered use in males (USA, AUS, 
Europe).
ACIP draft recommendation of routine vaccination males 11 
&12 years, and boys 13 - 21 years who not already 
received vaccine. 
Australia: up-date of the 10th edition of Handbook, HPV 
chapter is under review.
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However, since the introduction of female program in Australia and many countries around the world, the availability of more evidence of use iof 4vHPV vaccine specifically males, has resulted in registration of vaccine by international regulatory bodies. 

Much like how female HPV programs vary between countries and jurisdictions, so has recommendations around use HPV vaccines in males. Majority of all HPV programs internationally have targeted to females for prevention of cervical cancer except for exceptions like Austria who recommended vaccination of both females and males from onset. 
The CDC’s advisory committee on Immunization Practices has recently strengthened their permissive recommendation of male vaccination from 2009, to routine vaccination of males 11 & 12 years and boys who 13 – 21 years. Unlike Australia that has a funded school based program, in US vaccine is delivered through health services, funded through health insurance or Vaccine for Children program which covers children who are medicaid-eligeable, not-insured or underinsured or American Indians or Alaska natives (50% children in US are eligible).
In Australia the vaccination of males is not recommended in the Australian Immunisation Handbook. However the chapter is under review for the 10th edition of the handbook and it would be expected that recommendations of male vaccination will be included. 

However, No country has included males in a government funded universal HPV vaccination program. But in light of new evidence on efficacy of use 4vHPV in males, and early evidence of effect of female programs universal male vaccination forefront of discussion.




Factors that impact decision making

A number of factors must be reviewed when 
considering recommendations around vaccination 

- local disease burden 
- vaccine efficacy 
- existing programs/ herd benefit
- implementation
- cost effectiveness
- social, ethical considerations
- safety

Erickson L et al. An analytical framework for immunization programs in Canada. Vaccine 2005; 23: 
2470-6.
Kimman TG et al, Developing a vaccination evaluation model to support evidence-based decision 
making on national immunization programs. Vaccine 2006; 24: 4769-78.
Piso B et al Decision support in vaccination policies. Vaccine 2009; 27: 5923-8.
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The criteria for considering recommendations and funding of new vaccines are complex. A number of frameworks to support decision making on immunisation policy have been described and international public health bodies have incorporated these into their own precess for vaccine program decision making. The same criteria can applied to policy decision making around HPV vaccination of males. Although many areas of importance, they largely include local disease burden, vaccine efficacy in particular population of interest, benefit of any already existing programs which is particularly important for HPV vaccination of males as most countries have up-standing female program, feasibility of implementation, which all largely feed into the cost-effectiveness of intervention. As we are all aware cost is not always the bottom line for public health interventions and social and ethical considerations also come into play. In the rest of the talk I will take you through the current evidence in each of these areas related to HPV in males, and highlight the uncertainties that exist and how they may affect decision making on HPV vaccination of males, in particular in light of the Australian situation. 



HPV anogenital infection in males

majority infections are transient and asymptomatic.

anogenital HPV infection common among males
- 1.3% - 72.9% heterosexual men external genital infection (any type) 

- 12% heterosexual men anal HPV infection (any type) 

prevalence greater in men who have sex with men (MSM)
- 95% MSM anal HPV infection (any type) (Vadjic et al 2009)

large proportion due to vaccine HPV types (16/18/6/11)

Dunne, E., et al. (2006). "Prevalence of HPV infection among men: A systematic review of the literature." 
Journal of Infectious Diseases 194(8): 1044-1057.
Vajdic, M et al. (2009). "Anal human papillomavirus genotype diversity and co-infection in a community-based 
sample of homosexual men." Sexually Transmitted Infections 85(5): 330-335.
Nyitray,G et al.(2011)."Age-specific prevalence of and risk factors for anal human papillomavirus (HPV) 
among men who have sex with women and men who have sex with men: the HPV in men (HIM) study." 
Journal of Infectious Diseases 203(1): 49-57
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As in women, genital HPV infections in men are transient and asymptomatic. The current understanding is that persistent infections in males are those that are more likely to progress into disease.  
In recent years especially, a number of cross sectional studies in various male populations have assessed the point prevalence of HPV infection in health asymptomatic males to understand the underlying burden of infection. What the recent literature has found is that both external genital infection (swabbing various sites of penis) and intra-anal infection is common in otherwise health heterosexual men. In a cross sectional study of over 4000 HM from 18 countries, 21% were positive for HPV of any type tested for. Similarly, in a cohort of over 1300 healthy HM men from USA, Mexico and Brazil, 12% were positive for anal HPV infection. 
Prevalence studies among MSM (which Is a definition that describes sexual behaviour rather than sexual identity) continually identified higher HPV point prevalence that in HM. In one cross sectional study of MSM in inner Sydney, anal HPV infection was detected in nearly 95% of HIV – MSM, and was practically universal in HIV + MSM.  In addition to higher prevalence of HPV,  higher MSM are reported to more likely have infection with multiple HPV types.
Although these reporting any type prevalence, HPV 16 is often most common HPV type identified among HM and MSM, although other common HPV types found that are not included in HPV vaccines (HPV 56,45,51).
A number of risk factors for HPV infection in males have been identified, including smoking, sexual practicies (more life time, or recent sexual partners). Receptive anal intercourse has commonly been identified as a risk factor for HPV infection in MSM, however, in HM, and males who do not report engaging in anal sex anal HPV detection also occurs, suggesting other mechanisms for transmission.
The risk of HPV infection with age also differs in MSM compared with women and HM, where HPV prevalence peaks at young adult hood then declines, however in MSM less of an association with age with HPV prevalence plateau at a high level throughout adulthood. 



Natural History HPV infection in males

Understanding of HPV infection/disease progression 
limited compared to in females
No screening program for HPV disease in males
Lack of prospective cohort studies (increasing!)

Uncertainty around:
- Proportion of HPV anogenital infections that progress to pre-

cancerous lesions (intra-epithelial neoplasia).
- Progression of pre-cancerous lesions to cancer

ie. AIN 1           AIN 2           AIN 3         Anal Cancer
- Time to progression / clearance
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Although more evidence around HPV infection and disease in males is becoming available, our understand of HPV natural history in males is still limited compared with what we know in females. As well as the large amount of epidemiological studies in women, the bolus of evidence on natural history in females has been facilitated by long term cervical screening program (introduced 1991),  however there is no such program in males. Until recently there has been a lack of prospective cohort studies in males following HPV infection but also disease over time which slowly filling current knowledge gaps in natural history. The evidence that is available is supporting the hypothesis that pathological process from HPV infection to pre-cancerous cellular abnormalities in males equivalent to CIN of various severities, and than subsequent cancer in males, is similar to histological and cytological changes in females. Even so, primarily due to sheer lack of evidence, there are a number of uncertainties that still exist in relation to how HPV infection and disease progress in males. For example, the proportion of HPV anogenital infections that progress to pre-cancerous intra-epithelial neoplasia, as well as rate of progression of lesions through various grades of severity and cancer. Having this information is  not only important for developying screening and treatment guidelines in males, but also when interpreting efficacy data against individual disease endpoints which I will describe in more detail in upcoming slides.



HPV attributable cancer, by site

*Varies by cancer sub-type (~ 65%) basaloid/warty subtype and rare to absent in keratinising/verrucous subtypes)

HPV 6/11 associated ~90% genital warts, and 100% Recurrent 
respiratory papillomatosis 

Cancer Proportion Attributable 
any HPV (%)

Proportion HPV+ 
associated HPV16/18 (%)

Penile * 50* 87

Anal 85 93
Oropharyngeal 35 90
Oral Cavity 24 85
Cervical 95 70

Table 1: HPV-associated cancers and proportion HPV 16/18 
positive (modified from Grulich et al 2010)
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So persistent HPV infections have been associated with a number of cancers in males. Penile cancers are only HPV associated cancer that are specific for males, while the others such as anal cancer, and sub-set of oropharyngeal cancers and cancers of the oral cavity can also occur in women. This table describes the proportion of these cancer phenotypes that are estimated to be attributable to HPV, and of the HPV+ cancers, what proportion of these are attributable to vaccine HPV types, overall all (not specific to gender).  As you can see, the proportion of these cancers attributed to HPV varies depending on anatomical site, with the proportion of anal cancers attributable to HPV similar to the proportion of cervical cancers and estimated to be between 85 – 95%. A much lower proportion of cancers oral cavity and oropharynx are associated with HPV, and these have been specifically restricted to cancers of particular anatomical sties, and include broadly including cancer of the base of the tongue, tonsils and the oropharynx. Also, what we can see here is that like what is observed with cervical cancer, a majority of HPV associated cancers are associated with HR HPV types 16/18 which are included in both HPV vaccines, independent of the cancer location. As you can for each cancer type, of those attributable to HPV, approximately 90% are associated with HPV types 16/18, which is higher to proportion of cervical cancers attributable to HPV 16/18 which is between 70 – 80%. It is important to note that there is greater uncertainty and diversity regarding estimates of the attributable burden of HPV-associated oral or oropharyngeal cancers compared with anal or penile cancers.

Benign lesions such as genital warts and RRP are almost universally associated with low risk HPV types 6/11, which are included in 4 vHPV vaccine.



Male HPV disease burden Australia

Number of HPV associated cancers in males is low
- 2005 ~ 300 HPV associated cancers in males

Increase in incidence of anal cancer and HPV associated 
oral and oropharyngeal cancers in males

- 23% in females and 50% in males in 2005 from that in 1990.

MSM are at a greater risk of HPV-associated disease 
- Anal cancer ~12.5 – 25.8/100 000 population

Grulich, A et al (2010). "Cancers attributable to human papillomavirus infection." 
Sexual Health 7(3): 244-252.
Jin, F., A. N. (2011). "Trends in anal cancer in Australia, 1982-2005." Vaccine 
29(12): 2322-2327.
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We do know however is that like in females, the proportion of HPV infections and low grade lesions in males that progress to cancer is low due to the relative small number of HPV associated diseases that occur in males even though HPV infection is common. In 2005, it is estimated that 300 cases of HPV attributable cancers were diagnosed in males, compared with just over 1000 cancers in women, 730 of which were cases of cervical cancer. 
While incidence of penile cancers is low at <1/100 000, the incidence of anal cancers and HPV attributable cancers of oral cavity and oropharynx have been increasing in past 2 decades. Although higher proportion of new cases of anal cancer are in women compared with men with the age-standardised rate of anal cancer in Australia of 1.6 per 100,000 in females and 1.5 per 100,000 in males in 2005. However the increase in incidence in males is almost double increase in anal cancer incidence in females since 1990. 

The number of new cases of cancer of the oral cavity and oropharynx considered to be associated with HPV (broadly including cancer of the base of the tongue, tonsils and the oropharynx) has increased steadily in men and women in Australia from 1982 to 2005, while the rates of those cancers attributed to other risk factors such as alcohol and tobacco exposure (gums, floor of the mouth, palate, other and unspecified parts of the mouth and other unspecified parts of the tongue) has either remained stable or decreased from 1982 to 2005.

The incidence rate of anal cancer among male homosexuals for 2005, derived from this estimate of population-attributable risk, is 12.5–25.8 per 100,000. This rate is consistent with other estimates, and, of note, is similar to the rates of cervical cancer in females in the pre-cervical screening program era, and is 2 to 4 fold higher than cervical cancer rates in the post-cervical screening program era. Daling JR, et al (1987)
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So although overall cases are low in compared to women, evidence of increasing trends of HPV cancers in males, and particular high burden of disease in MSM suggests that at-least some of male population will benefit from HPV vacciantion. Earlier this year, results from the first efficacy trial of a HPV vaccine against HPV infection and disease in males, was published.




Efficacy of 4vHPV vaccination in males

4065 males 16–26 years, 18 countries (sub-population 
602 MSM) followed 36 months
• Primary efficacy endpoint

- HPV 6, 11, 16, 18 external genital lesions (EGL) 
- HPV 6, 11, 16, 18 AIN and anal cancer (MSM sub-study)

• Secondary efficacy endpoint
- Incident & persistent genital HPV 6,11,16,18 infection 
- Incident & persistent intra-anal HPV 6,11,16,18 infection 

(MSM sub-study)
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This study was a randomised double blind multi-center trial, the enrolled over 4000 male participants 16 – 26 years of age from 18 countries, including Australia. Within the total trial population was a sub-set of 602 participants who identified as men who have sex with men. Participants received three doses of the 4vHPV as per standard 3 dose regimen and followed for average 36 months over which they had 6 monthly visits where swabs and anogenital inspection, including biopsies if required, took place. The study had multiple endpoints to which vaccine efficacy was assessed against, primary endpoint was incidence of external genital lesions due to vaccine HPV types. This was a composite endpoint that included genital warts, penile-intraepithelial neoplasia and penile cancer. In the MSM sub-study the primary endpoint was AIN and anal cancer due to vaccine HPV types. 
The secondary endpoint was against HPV infection and included both incident detection, which was detection of HPV DNA in a single swab or biopsy sample, or persistent infection which was defined as detection of the same HPV type by PCR at two consecutive swabs or biopsies taken at least 6 months apart. Genital infection was assessed in entire study cohort (swab of mutliple sites penis, scrotum, and perianal) including MSM, where as intra-anal HPV infection was only determined in the MSM sub-cohort. 




Table 2: Summary of 4vHPV vaccine efficacy in male study 
participants in the per protocol population (PPE), against 
multiple clinical end points (end of study; month 36)
(Guilano A, 2011, Palefsky 2010)

Study endpoint Cases 
(vaccine)

Cases 
(control) Efficacy % [95% CI]

HPV 6/11/16/18 associated EGL

Condyloma

PIN 1 or worse

Penile, perianal or perineal cancer

AIN 1 or worse*

Anal cancer*

3

3

0

0

5

0

31

28

3

0

24

0

90·4% [69·2 – 98·1]

89·4% [65·5 – 97·9]

100% [<0 – 100]

n/a

77·5% [39.6 – 93·3]

n/a

HPV 6/11/16/18 persistent infection

HPV 6/11/16/18 persistent intra-anal 

infection*

15

2

101

39

85·6% [73·4 – 92·9†]

95% [80 – 99]

* Vaccine efficacy against persistent intra-anal HPV infection, AIN and anal cancer was determined 
in MSM sub-study participants only 
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The data presented here is the vaccine efficacy estimates derived from the PPE population which included study participants who were DNA negative, and sero negative to relevant vaccine HPV type at baseline through to month 7 after completion of all three vaccine doses, which represents sexually naïve males who remain sexually naïve during vaccination course  (which as per what we have seen in women would represent most appropriate age to target prior  HPV exposure). As you can see vaccine was highly efficacious against vaccine type EGL, over 90% efficacy, however when efficacy is stratified by disease type the significance of this protection varies. Majority of the benefit is in fact driven by cases in genital warts, with 28/31 EGL cases in control arm being GW and 100% cases in vaccine arm. There were no cases of either PIN or cancer over the course of the study efficacy estimates not significant. This is not un-expected due to the low incidence of these diseases in general male population as well length of follow up period.
In comparison, in the MSM sub-study, no cases of anal cancer were reported however significant protection was achieved for anal cancer precursors collective, 77.7% protection against AIN or worse. 
We all see high level of protection against persistent genital infection in entire study cohort and also intra-anal persistent infection in men, which although not a disease endpoint, due to the role of persistent HPV infection as a necessary precursor to HPV disease, could be used as supportive evidence on the efficacy of vaccine against persistent infection and subsequent disease. 

Vaccine efficacy estimates among study population independent of their baseline HPV status, ie including participants who were both HPV + and -, were lower than what were reported here, which supports data seen in clinical trials in female, that maximum benefit is achieved when vaccinating population who is HPV naïve ie prior to sexual debut. 



Uncertainties around vaccine efficacy

Current efficacy data:
• provides strong evidence of effect against GW

• some evidence of effect against intra-epithelial neoplasia  (AIN)

• no evidence of penile/anal cancer (lack of cases)

Is demonstrated efficacy against pre-cursor lesions (ie
PIN/AIN) enough translate efficacy against cancer?

Same approach adopted for female program
• Inferences based on surrogate outcomes less certain in males
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With the clinical trial data providing strong evidence of protective effect against Genital warts, the data is less strong for pre-cancerous lesions and lacking for cancer. This leaves uncertainties around these vaccine efficacy estimates, especially with regards to whether vaccine efficacy against PIN/AIN can be used as a surrogate for expected efficacy against relevant cancers. Which was also the approach adopted for considering the female-only HPV vaccination program, where the prevention of high grade cervical intraepithelial neoplasia (CIN) was demonstrated prior to evidence on efficacy against cervical cancer. However,  our understanding of natural history of HPV disease in females as previously stated was more complete and although evidence to date does suggest that disease progression in males does follow some processes as in cervical disease in females, however inferences based on these surrogate outcomes is indeed less certain in males than for females.




Immunogenicity in adolescent males

Immunogenicity has been used as a proxy to predict vaccine 
efficacy in adolescent males (<16 years).

Antibody response in adolescent boys (9 – 15 years) is ≥
that in young adult males

- 99% seroconversion all vaccine HPV types

Antibody response in adolescent boys (9-15 years) is also 
non-inferior to that achieved in girls of same age. 

Block, T.. (2006). "Comparison of the immunogenicity and reactogenicity of a prophylactic quadrivalent human 
papillomavirus (types 6, 11, 16, and 18) L1 virus-like particle vaccine in male and female adolescents and 
young adult women." Pediatrics 118(5): 2135-2145.
Reisinger, K.. (2007). "Safety and persistent immunogenicity of a quadrivalent human papillomavirus types 6, 
11, 16, 18 L1 virus-like particle vaccine in preadolescents and adolescents: a randomized controlled trial." 
Pediatric Infectious Disease Journal 26(3): 201-209
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Like in women, the only efficacy data out of clinical trials of 4vHPV in males is in older adolescents and young adults, primarily because such trials in young adolescents who are sexually naïve is inappropriate. Hence, immunobriding has been used as a proxy for vaccine efficacy in ages where efficacy data is not available. The immunogenicity of 4vHPV in young adolescent boys 9 – 15 years of age has been assessed in 2 clinical trials.  In both trials, 4vHPV was immunogenic in males with >99% seroconversion of all 4vHPV 1 month after 3 doses complete, and GMT in sera that were numerically larger that achieved in older males, which is similar for what has been observed in women. Antibody response achieved in young adolescent boys was also non-inferior that what is achieved in young adolescent girls of samle age for whom vaccination is provided through current school based program.

It is important to note, that alothough immunobriding has been used as a proxy indicator for protection for ages where efficacy data is not available for both females and males, immunogenicity is not a correlate of protection and in efficacy trials protection against infection and disease has been maintained in those who are deemed seronegative using relevant immunoassays. (number hypothesis – assays not sensitive/specific enough, additional mechanisms not meausred using ab based assays ie CMI, and role of memory response).





Herd effect of HPV vaccination

Herd effect of female vaccination has already been 
demonstrated for HM males (not MSM) (Read et al 2011)

Vaccination of males expected provide indirect benefit 
- to un-vaccinated females 
- to un-vaccinated MSM

How much extra health benefit would be gained if males 
included into female only HPV vaccination programs?

Read, T. (2011). "The near disappearance of genital warts in young women 4 years 
after commencing a national human papillomavirus (HPV) vaccination programme." 
Sexually Transmitted Infections.
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Clinical trials have demonstrated individual benefit gained by males who are vaccinated against HPV, but whether HPV vaccination results in herd benefit is a critical consideration for male vaccination against HPV.
It has already been demonstrated by data on new genital wart diagnoses in Australia  in the years following introduction of female program, that vaccinating females does result in herd benefit in male, which you heard of yesterday in Basil;s talk.  It could than also been expected based on what has been seen in females, and also data from clinical trials in males that  vaccination does reduce HPV persistent in males, that male vaccination would provide an indirect benefit to-unvaccinated females, and also to un-vaccinated MSM.  However, any additional population benefit achieved through herd immunity following male vaccination needs to be considered in context of what benefit both direct and in-direct is being achieved currently by the current female only program??



Incremental benefit of vaccinating males
Can be estimated through modelling

HPV natural history
Transmission
Disease burden
Vaccine efficacy
Herd immunity
Female program

HPV 
transmission 
mathematical 

model

Economic 
Models

Incremental cost-
effectiveness ratio 

(ICER)

Cost-utility 
data
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Without any male HPV vaccination programs implemented, any benefit (both direct and indirect) in addition to current female only program must be modelled.
There are a number of published mathematical models of HPV transmission that have attempted to estimate the benefit that male vaccination will have under a number of vaccination scenarios and assumptions . These models rely input of data available on the areas that we have already discussed such as vaccine coverage, vaccine efficacy and longevity of protection, as well as estimates around transmission and HPV natural history and disease, hence in-turn the accuracy of estimates is ultimately affected by the quality of data and completeness of model. 





Australian Context (Smith et al 2011)

Model reduction of male HPV associated cancers through 
current female only program and the additional reduction 
expected with addition male vaccination
Base Assumptions: VE 100%, lifelong immunity, 78% coverage females

• 73% of  max vaccine conferred benefit to males from 
female/male program will be achieved by female only program

Additional benefit from male vaccination sensitive to:
- Coverage 
- Vaccine efficacy
- Duration of protection

Smith, M.et al. (2011). "The predicted impact of HPV vaccination on male 
infections and male HPV-related cancers in Australia." Vaccine In Press.
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A majority of these models are based on international data, however recent model of HPV transmission and male vaccination in Australian context was published earlier this year by Smith etal. In this model they aimed to estiamate the reduction of male HPV associated cancers expected through the current female only program, and how much additional reduction would be expected if male vaccination was also introduced. The standard assumptions around vaccination in this model were that vaccine efficacy in both females and males was 100%, that immunity following vaccination was life lone, and that vaccination coverage in females through the school based program was high, 78%. Which is similar to current data on 3-dose coverage in girls 12-13 years of 73% that recently become available. Under these assumptions, the female only program is expected to result in reduction in 24% of male HPV associated cancers through herd immunity. With addition of vaccination of males 12 – 13 years of age, it will result in additional reduction in 5 – 9% of male HPV associated cancers (depending on what up-take is expected in males, in the model half of what is achieved inf emales, and equal to what is acheived in females was modelled). This suggests that a majority of benefit of HPV associated cancer reduction in males is achieved through female only vaccination. Which is similar to data out of international models of gender neutral HPV vaccination. Although majority benefit achieved tyhrough female vaccination, sensitivity analysis around different inputs and assumptions have found that the benefit of vaccination of male vaccination increases substantially when coverage in females is low (which would reduce herd immunity achieved in population), as well as reduction in vaccine eficacy and duration of vaccine induced protection in females. This information becomes particularly important when these models are adapted to estimate the cost-effectivenss of various HPV programs, which i will talk to in a few slides.
Neither of these models take into account MSM transmission and disease.



Models of cost-effectiveness

Estimate additional cost of health intervention per 
additional unit of health benefit (ICER: $/QALY)

Cost-effectiveness of male vaccination females varies
(methodology, assumptions, local situation)

Majority found male vaccination “not cost-effective”

Cost effectiveness of vaccinating males increases when:
- Benefit of all HPV associated disease in males considered
- Vaccine efficacy, persistence and coverage is reduced 

females
- Cost of vaccine is reduced

Kim, J. et al (2009). "Cost effectiveness analysis of including boys in a human 
papillomavirus vaccination programme in the United States." BMJ 339(b3884): 1-10.
Brisson, M., et al. (2009). "Economic Evaluation of Human Papillomavirus Vaccination 
in Developed Countries." Public Health Genomics 12(5-6): 343-351.
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A number of mathematical models of HPV transmission, have been extended to provide estimates of cost-effectiveness of the various male vaccination strategies. These economic models aim to provide guidance on the best value with respects to health gain based on each heath care dollar invested, and out puts of these models are a Incremental cost-effectiveness ratio : which is the additional cost of the new vaccination scenario per additional unit of health benefit, which is most often a Quality adjusted life year.

The economic models of male vaccination in addition to current female only programs have increased in recent years however models do vary based on design and the assumptions that they include for example some only look at health benefits in females where as others consider all potential benefits of HPV vaccination in both genders. Even with variations in models, overall a majority have deemed male vaccination in addition to female only program is “not-cost effective” based on an arbitrary ICER threshold of 50 000/QALY is often quoted in literature.

Even so, these economic models commonly identify the same few factors that increase the cost-effectiveness of male vaccination :
The ICER of vaccinating males decreases substantially in models that included benefit that vaccination may have agaisnt all of the HPV associated disease in males. For example many early economic models of male and female vaccination did not include any health benefit achieved in males but purely the additional benefit that it would have against reducing cervical cancer in females. 
One of the strongest drivers of cost-effectiveness of gender neutral HPV program is coverage achieved in females, when coverage in females is lowest, the cost effectiveness of introducing male vaccination increases. 



CE model of male HPV vaccination in US (~30% coverage)

better use of health care dollar to increase coverage in females?

Male vaccination when female coverage is low

Chesson et al (2011) The cost-effectiveness of male HPV vaccination in 
the United States (29) 8443 – 8450

Male vaccination 
compared with 
female only

Female only 
compared with 
no vaccination

$23,600/QALY

$184,300/QALY
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This was nicely assessed in a publication by Chesson et al, who modeled the CE of male HPV vaccination in United states for reduction in HPV associated disease in both genders. Un-like in Australia, the current female program in the US has less the optimal 3-dose vaccine  coverage in young girls, estimated be approx 30%). In this graph, the varying levels of coverage from 10% to 100% are on the X-axis and ICER (cost/QALY gained) is on the Y. As you can see, for a female only vaccination program, ICER is not influenced dramatically by coverage, depicted by flat line as coverage in 12 yo increases. However, the ICER of a male vaccination in addition to female only, decreases as the coverage in females decreases. Ie the cost of male vaccination is LOWER when coverage in females is low. However as you can see it is always higher than female only as you would expect. 

20% coverage females: $23 600/QALY gained
	75% coverage females: 184 300/QALY gained

So the next question that appears, is in a situation with low coverage of female vaccination, is it a better spend of health care dollar to roll out initiatives with the aim of increasing coverage in females, or is introduction of male vaccination most cost-effective approach. This was addressed in the above model, and they found that such an approach was more favourable with respects to health dollar expenditure than introducing male vaccination. But putting cost to the side for one minute, feasibility of achieving higher coverage needs to be realistically considered.



Forgotten population - MSM

All models include heterosexual HPV transmission.
Male benefit due to female only HPV vaccination 
program might be over-estimate.
MSM have largest burden of HPV disease 

In Australia:  
• 44 – 73% of anal cancer cases in men occurs in MSM

Herd benefit gained in heterosexual males have limited 
impact of the burden anal cancer?

Smith AM, et al (2003). Sex in Australia: sexual identity, sexual attraction and sexual experience 
among a representative sample of adults. Aust N Z J Public Health 27(2):138-145.
Grulich AE, et al (2003). Sex in Australia: Homosexual experience and recent homosexual 
encounters. Aust N Z J Public Health 27(2):155-163.
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Before i do, i just want to highlight that as of yet, no published model of HPV transmission and female/male vaccination programs has factored in homosexual HPV transmission. Why this is particular important is that as mentioned earlier, the burden of HPV disease is particular high in MSM populations in particular, hence the male benefit achieved through female only vaccine programs estimated using modelling, may indeed be an overestimate. Although, MSM often report having had some sexual contact with females, it is not expected that this would be enough to achieve herd benefit in MSM population over all, especially in regards to high number of and frequency of male sexual partners often reported among MSM. However, this is not something that is yet to be assessed in published model and something we would not know unless male vaccination is introduced. 

In Australia, it is estimated that the prevalence of MSM is between 2.5 – 8.6% , based on an estimated relative risk of 33 among men with anal cancer who reported having had anal intercourse compared with those who never had anal intercourse, it is estimated that in Australia, 44–73% of cases of anal cancers in men in Australia occurs in MSM. Thus, any herd benefit gained by heterosexual males through female only program would more than likely have limited impact on this proportion  of the HPV associated anal cancers in men, as well as other HPV associated disease that occur among MSM. 


(Of MSM surveyed, 422/483 (87%) reported at least one heterosexual contact (anal/vaginal, manual, oral) and 218/483 (45%) had >10 heterosexual contacts during their lifetime)



Process for assessing and funding new vaccines
- Australian Technical Advisory Group on Immunisation (ATAGI)
- Pharmaceutical Benefits Advisory Committee (PBAC)

In 2010, an application was made to the PBAC to extend 
current NIP funded HPV program 

“to include males 12 to 13 years of age and a catch-up program over 
two years for Year 9 males”

The PBAC rejected the requested extension because of 
“unacceptably high and uncertain cost-effectiveness”

March 2011 PBAC Meeting Public Summary Document

Cost-effectiveness in Australia?
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So how would cost-effectiveness of gender neutral HPV vaccination differ in Australian setting. In early 2010, the PBAC received an application from clinical sponsor of 4vHPV vaccine to extend the current NIP funded HPV program to include males 12 to 13 years of age and a catch-up program over 2y for Year 9 males.In Australia the process for assessing and recommending and funding new vaccines, involves input from the Australian Technical Advisory Group on immunisation on the factors around its clinical use, however it also involves an economic evaluation of the vaccine cost effectiveness by the PBAC economic sub committee.
Following deliberations around clinical evidence as well as economic modeling, the PBAC listed in the public summary of the march 2011 meeting that the submission was rejected based un-acceptably high and uncertain cost-effectiveness.  The PBAC model and proposed vaccine cost for extended program not in the public domain, however the decision made by PBAC suggests that the uncertainty that exists regarding a number of factors related to HPV vaccination in males, possible vaccine cost are substantive enough to preclude NIP funding for males at this current time. 

 



Alternative delivery to males

Individual benefit: vaccination of males who have not 
commenced sexual debut

Targeted vaccination: particularly for MSM
• minimal in-direct benefit from female program
• feasibility – Majority MSM would disclose their sexual 

orientation to receive free HPV vaccine (at 20 years of age, 
median of 15 sexual partners) (Simatherai et al)

Simatherai D, Bradshaw CS, Fairley CK, Bush M, Heley S, Chen MY. What 
men who have sex with men think about the human papillomavirus vaccine. 
Sex Transm Infect 2009; 85: 148-9.
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With mathematical models currently predicting that universal male vaccination is not a cost-effective health intervention, particularly in scenarios when coverage is high in females, the alternative approach must be considered. 

The clinical trial evidence in males supports what we have already seen in females, that vaccination with current HPV vaccines prior to time when that individual is exposed to vaccine HPV types through sexual activities, will provide an individual benefit to that person.
However, the question is whether without inclusion of males into a funded HPV vaccination program that enough vaccine up-take would be achieved so that this individual benefit will extend to a population benefit. While this may not be as an important consideration with HM males who as we have described are expected to get a majority of reduction in HPV burden through a high coverage female only program, this is particularly important for MSM population which will likely have minimal in-direct benefit from female only program.
	- Hence, without a gender neutral vaccination program, would best way to tackle burden disease in MSM be a targeted vaccination program. Number of issues around the feasibility of this, in particular reaching and vaccinating those who may identify as at-risk due to their sexual orientation at a time prior to potential HPV exposure. In a study of MSM attending sexual health centre in Melbourne, a majority (93%) stated theyw ould disclose their sexual orientation if it meant they could receive free HPV vaccination – however, they would not feel comfortable doing this until 20 years of age, at which they reported median of 15 sexual partners. Less than 50% were will to pay for the vaccine course when they were aware of the increased risk MSM of anal cancer.





Ethical / social considerations
Share of sexual health burden between genders

- both genders transmit HPV
- lesser responsibility males
- less understanding HPV infection/disease

Opportunity health discussions adolescent males?
Non-discriminatory to sexual preferences (best way to 
offer benefit to MSM)
No screening program for anal cancer in Australia 

Rae M et al Vaccines – but not as we know them: an ethical evaluation of HPV 
vaccination policy in Australia (2011) Aus &NZ J of Pub Health 35 (2) 176 – 179).
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This leads on to the ethical and social considerations relevant to HPV vaccination which are obviously hard to quantify and thus cannot be incorporated into models of benefit/cost effectiveness although can be strong drivers of health intervention decision making. The moral and social issues related to HPV are particularly driven by the fact that vaccine is against a STI as well as the young age at which vaccination is recommended (prior to sexual debut).  While a number of these concerns been highlighted through female program, many have been cited in support of extending HPV vaccination to males. First consideration is sharing the sexual health burden between genders, as HPV is a sexually transmitted disease. Current program alleviates males from responsibility of both their and partners sexual health, and also may push more of stigma associated with STIs onto young females. Aside rom the obviously psychosocial effects this may have for this age group, it also believe to have some role on level of understanding of both HPV infection, diseases among young adolescents with a number of attitudinal surveys in bth Australia and overseas identifying both school students and also parents have mis-conceptions about HPV disease as only affecting females, because only females are offered vaccine. Offering vaccine to both males and females may increase coverage in females by addressing any knowledge gaps.
The other ethical consideration is the best way to provide health care benefit to MSM who are at increased risk of HPV infection and disease. While making recommendation that MSM should receive vaccine might result in individual protection in those who up-take the vaccine, would up-take be large enough and at appropriate age that it would result in reduction burden of disease in this at-risk group, without a targeted universal gender neutral vaccine program. In addition, with no screening programs for anal cancer for at-risk individuals in Australia like cervical cancer, vaccination is only active public health measure.




Conclusion

HPV vaccination prior to sexual debut will offer individual 
benefit to males 
Cost effectiveness of universal HPV vaccination of males 
is variable
- High coverage in females: Majority reduction of disease 

burden in males from female programs 
- Low coverage females: Including males is more cost 

effective 
Ethics/social considerations can be as influential as cost
- Gender equity, extending benefit to MSM
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It is quite evident from early clinical data in males that HPV vaccination will offer individual benefit, with largest benefit achieved if administered prior to sexual debut.
Whether extending HPV vaccination program in Australia to include males Is best expenditure for health care dollars is been under debate especially in last year or so, and economic models of cost effectiveness of various strategies have aimed to shed light to this question. However the accuracy of the economic model is ultimately affected by the quality of the data we have on the parameters that are fed into mathematical models. When models extended to assess CE, ICER of male vaccination in addition to female vaccination vary however, commonly found that in vaccine scenarios where high coverage is achieved in females like occurs in Australia, majority of reduction of HPV associated disease burden in males will be achieved through female only vaccination coverage, without factoring in MSM transmission.
However, in situations where coverage is low in females, including males becomes more cost effective.
There are also ethical and social considerations must be considered when deliberating male vaccination which should be considered in conjuction with clinical and cost-effecicy data, with HPV these especially are addressing gender inequity around sexual health, but also considering most effective way to extend benefit of HPV vaccination to MSM who are at increased risk. 








Registration of HPV vaccines for males

Males 9 – 26y 
HPV 6/11 GW

October 2009

June 2010

22nd December 2010

Females & Males 9 – 26y
HPV6/11/16/18 Anal 
cancer & associated 
precancerous lesions

Males 9 – 26y 
HPV 6/11/16/18 external 

genital lesions  & infection

October 2010
Application to extend indication in 

males/females 
HPV 6/11/16/18 anal cancer & 

associated pre-cancerous lesions 

USA (FDA)

AUS (TGA)
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However, since the introduction of female program in Australia and many countries around the world, the availability of more evidence of use iof 4vHPV vaccine specifically males, has resulted in registration of vaccine by international regulatory bodies. In October 2009, more than 2 years after female program introduced in Australia, and after ACIP recommended vaccine for adolescent girls, the FDA in US extended the indication of 4vHPV to include use in Males 9 – 26 years in age for protection against GW caused by HPV 6/11.  Followed by extended indication in Australia in June 2010 to include males 9 – 26 years for external genital lesions and infection caused by vaccine HPV types. As more data became available in clinical trials (which I will discuss in more detail later), both FDA has further extended indication to include anal cancer and precursor lesions caused by vaccine types in both males and females, an indication also currently under consideration by the TGA. 
There is only limited evidence of use of 2vHPV Cervarix in males and hence it has not been registered for use in males so rest of presentation will be referring primarily to 4vHPV (GARDASIL).



Acceptance

Framing of HPV vaccination programs around cervical cancer
Males generally have a poorer understanding of HPV, its 
associated diseases and the available vaccines.

Australian population-based survey: more participants were 
aware of the association HPV and cervical cancer than HPV 
and other disease (Pitts et al 2010)

Re-branding of program to reduce disparity in understanding 
between genders – without dilution current up-take in females
Reported knowledge of HPV and available vaccines in MSM 
is higher than in heterosexual males

Pitts MK, Heywood W, Ryall R, et al. Knowledge of human papillomavirus (HPV) 
and the HPV vaccine in a national sample of Australian men and women. Sex 
Health 2010; 7: 299-303.
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In Australia, much like rest of the world,  the HPV vaccination programs have been framed with an expressly stated goal of reducing cervical cancer disease burden in women.  This may have contributed to gender disparity in knowledge and understanding of HPV and its related diseases as well as need for vaccine. A number of social research publications around knowledge and attidues to HPV vaccination among both females and males, have found that generally males have poorer understanding of HPV and vaccination. In an Australian population based survey of knoweldge of HPV vaccination in a national sample of Australian men and women, more participants were aware of the association between HPV and cervical cancer than other diseases which is to be expected.
If the program was to be extended to include males, whether population level or targeted strategy, it would require re-branding of vaccine program to address any disparity in knowledge between genders, to potential increase uptake in male population, however this would need to be done with out having any negative impact on high coverage we have gained in females. 
Surveys of HPV understanding and vaccine acceptability has been reported to be higher among MSM than HM which may be driven by increased risk of STI in general and more health seeking behaviour around STIs. Although still low. 



Cost-effectiveness of targeted vaccination MSM

Model of USA scenario (Kim J et al)
50% vaccine coverage, 90% vaccine efficacy, benefit of anal 
cancer and GW modelled only. 

• vaccination of MSM at 12yo $15 290/QALY gained (0% HPV 
exposure)

• vaccination of MSM at 20yo $35 740/QALY gained (50% 
HPV6,11,16 and 18 exposure)

ICER were sensitive to:
- Previous HPV exposure
- Duration vaccine induced protection
- Incidence of anal cancer
- HIV status 

Kim J Targeted human papillomavirus vaccination of men who have sex with men 
in the USA: a cost-effectiveness modelling analysis, 2010; 10(12) 845 - 852
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The cost-effectiveness of targeted vaccination of MSM at various ages and levels of HPV exposure for reducing incidence of anal cancer and genital warts, has been modelled for the USA scenario. 
The base case for the model was that targetedf program would achieve 50% coverage and vaccine was 90% effective against anal cancer and GW. If MSM were vaccinated at 12 years of age (no HPV expsoure), the ICER was low $15290/QALY gained. However, vaccinating at older age, 20 years at which 50% of MSM would be exposed to vaccine HPV types, ICER more than doubled (however remained lower than arbitary threshold of CE of 50000/QALY gained. 
When they adjusted different inputs to determine how sensitive the cost estimates were to these factors, a number of drivers of the CE of vaccination strategy were identified including – obviously as proportion of MSM who were previously exposed to HPV at time of vaccination increased so did the cost of targeted vaccination. Others parameters the estimates were sensitive to was duration of vaccine protection, incidence of anal cancer in population and HIV status which governs the proportion of MSM with highest incidence of anal cancer.
Model only considered direct benefit (not herd benefit un-vaccinated MSM) which would improve ICER.
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