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In the US and Nordic countries 14 high-
risk (hr) human papillomavirus (HPV) 
types cause 5 and 10 percent of cancers 
in males and females, respectively. Half of 
these cancers are caused by HPV type 16.1 
Hr-HPVs are acquired by sexual contact, 
and one third of young adults are hr-HPV 
DNA positive, i.e., transmitting HPV.2 
Ninety percent of cervical hr-HPV infec-
tions heal in 1.5 y but if persistent can 
develop into cervical cancer (CC). The 
world age-standardized incidence of CC 
was 14.5/100,000 in 2008, and in a num-
ber of countries is increasing together with 
the incidence of hr-HPV associated oro-
pharyngeal and other anogenital cancers. 
Developing countries can never tackle hr-
HPV disease burden by screening/treat-
ment. Primary prevention by vaccination 
is the only hope.

Thirty years ago zurHausen’s group 
discovered HPV16 in cervical cancer,3 
20 years ago HPV16 virus-like particles 
(VLPs) were developed,4 and 10 years ago 
first results on the immunogenicity and 
efficacy of the HPV16 VLP vaccine were 
published proving the principle.5 Recently, 
we showed in a four-year clinical Phase 
III trial that HPV16/18 vaccine prevents 
93.2% of all CIN3+ lesions in baseline naive 
adolescents.6 The lower 95% confidence 
limit of 80% indicates that this highly effi-
cacious vaccine provides better protection 
against CC than the best Pap-screening 
programs. Partial cross-protection against 
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HPV31/33/35/45/51 and associated 
sequelae is the key to the overall efficacy.6,7

The basis for the cross-protection may 
be comparable conformational structure 
close to the major neutralizing VLP epi-
topes that are recognized by HPV16.V5 
and HPV18.J4 antibodies in the FG and 
HI loops of the corresponding viral pen-
tamers.8 Due to this conformational cor-
respondence, the cross-reactive sites may 
reside or be recognizable in the vicinity 
of amino acids 261–280 and 397–4168,9 
(Fig. 1). These, so far hypothetical, epit-
opes might correspond to their monoclo-
nal antibody recognized counterparts in 
HPV16 L1 and HPV31/33/35 L1, and in 
HPV18 L1 and HPV45 L1 as suggested 
by the cross-reactivity of HPV16.J4 and 
HPV18.Q2 antibodies.8,9 Mechanisms of 
cross-protection against HPV51 remain 
elusive.

Possibly due to the AS04 adjuvant, 
HPV-16/18 vaccine induced antibodies 
are detectable > 8 y post vaccination. Very 
long-term stability of the cross-neutraliz-
ing human antibodies, and whether boost-
ering is needed at all remain to be seen.

HPV vaccination coverage is at best 
80% but usually much lower. A form of 
denialism, clustering of non-attendance 
to vaccination and screening, threatens to 
jeopardize public health programs aim-
ing to control HPV disease burden. It 
might also give rise (by creating ecologi-
cal niche) to type-replacement following 

implementation of HPV vaccination. 
With up to 22 percent HPV16/18 vacci-
nation coverage we did, however, not find 
signs of HPV type-replacement within 4 
years follow-up (Palmroth J, Merikukka 
M, Paavonen J, Apter D, Eriksson T, 
Natunen K, et al. Occurrence of vaccine 
and non-vaccine HPV types in adoles-
cent Finnish females four years post vac-
cination, unpublished data, submitted 
February 2012). On the contrary, the inci-
dence of clade A9 infections was decreased 
in HPV16/18 vaccinated as compared 
with hepatitis A vaccinated women. The 
full impact of herd immunity on hr-HPV 
epidemiology will, however, be assessed 
in an ongoing community-randomized 
trial in which 12–15 y old girls and boys 
received the HPV16/18 vaccine (11 
communities), girls only received the 
HPV16/18 vaccine (11 communities), or 
girls and boys received hepatitis B vaccine 
(11 communities).10 The yet-to-be-verified 
most efficient vaccination strategy will 
hopefully guide decision makers.

References
1. IARC Working Group on the Evaluation of 

Carcinogenic Risks to Humans. Human papillomavi-
ruses. IARC MonogrEvalCarcinog Risks Hum 2007; 
90:1-636; PMID:18354839.

2. Auvinen E, Niemi M, Malm C, Zilliacus R, Trontti 
A, Fingerroos R, et al. High prevalence of HPV 
among female students in Finland. Scand J Infect 
Dis 2005; 37:873-6; PMID:16308223; http://dx.doi.
org/10.1080/00365540500333566.

Prophylactic human papillomavirus vaccine efficacy is almost too good to be true. the benefits of herd immunity will, 
however, not be gained without high vaccine coverage. here the authors of two recent papers on hPV16/18 vaccine 
efficacy elaborate on the basics and implications of this approach for infection and cancer prevention.



996 OncoImmunology Volume 1 Issue 6

8. Bishop B, Dasgupta J, Klein M, Garcea RL, 
Christensen ND, Zhao R, et al. Crystal structures 
of four types of human papillomavirus L1 capsid 
proteins: understanding the specificity of neutralizing 
monoclonal antibodies. J Biol Chem 2007; 282:31803-
11; PMID:17804402; http://dx.doi.org/10.1074/jbc.
M706380200.

9. Rizk RZ, Christensen ND, Michael KM, Müller M, 
Sehr P, Waterboer T, et al. Reactivity pattern of 92 
monoclonal antibodies with 15 human papillomavirus 
types. J Gen Virol 2008; 89:117-29; PMID:18089735; 
http://dx.doi.org/10.1099/vir.0.83145-0.

10. Lehtinen M, French K, Dillner J, Paavonen J, Garnett 
G. Sound implementation of human papillomavirus 
vaccination as a community-randomized trial. Future 
Med 2008; 5:289-94.

6. Lehtinen M, Paavonen J, Wheeler CM, Jaisamrarn U, 
Garland SM, Castellsagué X, et al.; HPV PATRICIA 
Study Group. Overall efficacy of HPV-16/18 AS04-
adjuvanted vaccine against grade 3 or greater cervical 
intraepithelial neoplasia: 4-year end-of-study analysis of 
the randomised, double-blind PATRICIA trial. Lancet 
Oncol 2012; 13:89-99; PMID:22075171; http://
dx.doi.org/10.1016/S1470-2045(11)70286-8.

7. Wheeler CM, Castellsagué X, Garland SM, Szarewski 
A, Paavonen J, Naud P, et al; HPV PATRICIA Study 
Group. Cross-protective efficacy of human papilloma-
virus (HPV) 16/18 AS04-adjuvanted vaccine against 
cervical infection and precancer caused by non-vaccine 
oncogenic HPV types: end-of-study (4-year) analysis of 
the randomised, double-blind PATRICIA trial. Lancet 
Oncol 2012; 13:100-10; PMID:22075170; http://
dx.doi.org/10.1016/S1470-2045(11)70287-X.

3. Dürst M, Gissmann L, Ikenberg H, zurHausen H. 
A papillomavirus DNA from a cervical carcinoma 
and its prevalence in cancer biopsy samples from dif-
ferent geographic regions. Proc Natl Acad Sci USA 
1983; 80:3812-5; PMID:6304740; http://dx.doi.
org/10.1073/pnas.80.12.3812.

4. Kirnbauer R, Booy F, Cheng N, Lowy DR, Schiller 
JT. Papillomavirus L1 major capsid protein self-assem-
bles into virus-like particles that are highly immu-
nogenic. Proc Natl Acad Sci USA 1992; 89:12180-
4; PMID:1334560; http://dx.doi.org/10.1073/
pnas.89.24.12180.

5. Koutsky LA, Ault KA, Wheeler CM, Brown DR, 
Barr E, Alvarez FB, et al.; Proof of Principle Study 
Investigators. A controlled trial of a human papilloma-
virus type 16 vaccine. N Engl J Med 2002; 347:1645-
51; PMID:12444178; http://dx.doi.org/10.1056/
NEJMoa020586.

Figure 1. Superposition of human papillomavirus (hPV) type 11 (green), hPV16 (brown), hPV18 (cyan) and hPV35 (violet) L1 pentamers8 showing 
structurally similar regions, with type-common epitopes detectable by monoclonal hPV16.J4 and hPV18.Q2 antibodies9 (see text). this research was 
originally published in Journal of Biological Chemistry by Bishop B, Dasgupta J, Klein M, et al. Crystal structures of four types of human papillomavirus 
L1 capsid proteins. J BiolChem 2007; 282:31803–11. © the American Society for Biochemistry and Molecular Biology.


