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Research Translation Case Study  
From Discovery to Impact - the HPV Vaccine Story
Pathway: Therapeutic (prophylactic) Translation
Discovery (1983–1991)
Human papillomaviruses (HPV) are a family of viruses that infect skin. In the early 1980s, research showed that persistent infection with specific human papillomaviruses (HPV 16 and 18) can cause cervical cancer. Following these discoveries, University of Queensland clinician‑scientist Prof Ian Frazer began investigating why some HPV infections persist and progress to cancer. Between 1986 and 2022, NHMRC funding supported Prof Frazer’s research, including studies on the immune response to HPV. Working with international collaborators Dr Jian Zhou and Dr Xiao‑Yi Sun, and supported by electron microscopist, Dr Deborah Stenzel, the team developed virus‑like particles that mimic HPV. These particles safely trigger protective immune responses, laying the scientific foundation for the HPV vaccine.
Stakeholders: 
Clinician-researchers; Research organisations; Funders; Consumers and community. 
Stages:
1. Basic research on vaccine target performed, scientific knowledge base reviewed, competitive landscape and market potential assessed.
Early preclinical development (1991–1996)
In 1991, through UQ’s commercialisation company UniQuest, Prof Frazer’s team filed the initial patent for the technology that could be used to develop an HPV vaccine. Research on this technology continued at UQ until 1994, when UniQuest licensed the intellectual property to Australian biotechnology company CSL Limited, which funded further research and development of an HPV vaccine. In 1996, CSL sub-licensed the technology to American multinational pharmaceutical company Merck & Co., Inc., while retaining the rights to market HPV technology within Australia and New Zealand.
Commercialisation: 
· 1991 - First patent filed.
· 1994 - IP licensed to CSL.
· 1996 - CSL sub-licensed technology to Merck & Co. Inc.
Stakeholders: 
Clinician-researchers; Research organisations; Funders; Consumers and community; Industry.
Stages:
2. Design and formulation of vaccine candidates (experimental vaccines) and clear product profile defined.
3. Immunogenicity demonstrated in non-target/target species.
4. Proof of concept: safety demonstrated in target species, and immunogenicity and efficacy (minimum immunising dose) demonstrated in target species via representative (small scale) animal (challenge) model. Vaccine candidate and formulation selected.
Late clinical development (1996–2006)
Merck ran several clinical trials in over 13 countries involving over 12,000 women between the ages of 15 and 26, where they were followed over a three-year period to investigate the incidence of infection with the high-risk HPV strains. Results published in 2007 indicated that young women in the vaccine group had a significantly lower occurrence of high-risk cervical abnormalities than those in the placebo group in the three years following vaccination. 
Stakeholders: 
Clinician-researchers; Research Organisations; Funders; Consumers and community; Industry. 
Stages:
5. Animal safety demonstrated in target species; for live genetically modified organisms, demonstrate safety in non-target species; evaluation of user safety, environmental safety and residues.
6. Efficacy demonstrated in a representative and validated target animal challenge model (if available). 
7. Safety and/or efficacy evaluated under relevant (field) conditions.
Registration (2006)
The Merck & Co vaccine Gardasil was approved by the Australian Therapeutic Goods Administration and the US Food and Drug Administration in 2006.
Commercialisation: 
· 2006 - Merck & Co vaccine Gardasil was approved by the Therapeutic Goods Administration and the US Food and Drug Administration.
Stakeholders: 
Clinician-researchers; Research Organisations; Funders; Consumers and community; Industry; Regulatory body.
Stages:
8. Final vaccine defined and regulatory dossier completed, ready for market authorisation application, evaluation, response to questions and approval.
Product life cycle (2006–Current)
Gardasil was used in Australia until 2017, when it was replaced with the updated Gardasil‑9 (9vHPV). By 2007, Australia became the first country to include the HPV vaccine in its National Immunisation Program (NIP) for Year 7 girls aged 12–13 years, with catch‑up programs later expanding coverage to older cohorts and, from 2013, to younger teenage boys.[endnoteRef:1] Since 2007, national vaccination through the NIP, alongside screening via the National Cervical Screening Program,[endnoteRef:2] has supported the prevention and early detection of cervical cancer, with participation by almost all Australian schools. [1: 1 Australian Government: Cancer Australia (2022). Cervical cancer in Australia statistics. Cancer Australia. https://www.canceraustralia.gov.au/cancer-types/cervical-cancer/ preventing-cervical-cancer
]  [2: 2 Australian Institute of Health and Welfare (2020). National cervical screening program monitoring report 2020. Canberra: Commonwealth of Australia. https://www.aihw.gov.au/getmedia/dfb6c1fa-6c45-45de-a513-0f13a3739a53/aihw-can-138.pdf] 

Commercialisation
· 2007 - First commercial sales of Gardasil in Australia.
Stakeholders: 
Clinician-researchers; Research organisations; Funders; Consumers and community; Industry; Regulatory body; Health services.
Stages:
9. Vaccine marketed and evaluated in the field (pharmacovigilance).
Impact (2007 onwards)
Australia has seen substantial reductions in cervical cancer incidence and mortality as a result of the National HPV Vaccination Program, National Cervical Screening Program and advances in preinvasive and invasive treatment. ‘School‑based’ and ‘catch‑up’ HPV vaccination have been linked to declines in the detection of pre‑cancerous cervical abnormalities in younger women between 2007 and 2014.The age‑standardised incidence rate fell from 14.2 per 100,000 women in 1982 to 7.4 in 2014, while the death rate declined from 5.2 to 1.7 over the same period; these reductions have been attributed to the screening program.[endnoteRef:3]  NHMRC‑funded research indicates that, with sustained high‑coverage vaccination and screening, cervical cancer mortality could fall to fewer than one death per 100,000 women by 2034.[endnoteRef:4] By 2019, 100 countries had adopted HPV vaccination nationally, and in 2020 the World Health Organisation launched the first global effort to eliminate a cancer, cervical cancer. [3: 3 Australian Institute of Health and Welfare (2018). Human papillomavirus in Australia. Canberra: Australian Government. https://www.aihw.gov.au/getmedia/67ca264a-7813-48a4-9aa7-c151e84f56f3/aihw-phe-236_hpv.pdf.aspx]  [4: 4 Hall M et al. (2019). The projected timeframe until cervical cancer elimination in Australia: a modelling study. The Lancet Public Health, 4(1): e19-e27. https://doi.org/10.1016/S2468-2667(18)30183-X
] 

Commercialisation
· 2017 - Replaced with Gardasil-9 (9vHPV) in Australia.
Stakeholders: 
Clinician-researchers; Research Organisations; Funders; Consumers and community; Industry; Regulatory body; Health services.
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