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Abstract | Human papillomavirus (HPV) is the most common sexually transmitted infectious agent; its 14 
oncogenic types are causally associated with 5–10% of all cancers. The major structural HPV protein self‑
assembles into immunogenic virus‑like particles. Two licensed HPV vaccines—the bivalent vaccine comprising 
HPV types 16 and 18, and the quadrivalent vaccine comprising HPV types 6, 11, 16 and 18—have proven to 
be safe and efficacious against 6‑month‑persistent cervical infections of HPV16 and HPV18 and associated 
precancerous lesions, and both have efficacies of 90–100%. Among baseline HPV‑negative adolescent females, 
vaccine efficacies against the immediate precursor of cervical cancer (intraepithelial neoplasia grade 3) 
irrespective of HPV type are 93.2% and 43.0% for the bivalent and quadrivalent vaccines, respectively. The 
quadrivalent vaccine is efficacious (>75% vaccine efficacy) against any of the more‑severe precursors of vulval, 
vaginal and anal cancers. A strong increase in vaccine efficacy with increasing severity of the precancerous 
lesion is explained by accumulation of the most‑oncogenic HPV types 16 and 18 in these lesions. Therefore, 
prophylactic HPV vaccination will exceed the best results from screening for cancer. With the extremely 
efficacious prophylactic HPV vaccines, the focus of organized intervention (vaccination and screening) 
programmes should, however, shift from reducing the HPV disease burden to controlling the prevalence of 
oncogenic HPV (and nononcogenic HPV) types. Eradication of the major oncogenic HPV types should be pursued.
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Introduction
Human papillomavirus (HPV) causes approximately 
5% of all cancers in men, and 10% of all cancers in 
women—most notably anogenital and oropharyngeal 
cancers.1 HPVs are also the cause of the highly preva-
lent external genital warts. Vaccines have been devel-
oped against various types of the virus, with the aim of 
reducing associated cancer burdens and the additional 
effect of preventing genital warts. The bivalent (target-
ing HPV16 and HPV18) and the quadrivalent (HPV6, 
HPV11, HPV16 and HPV18) virus-like-particle vac-
cines are safe, and highly immunogenic.2–5 In this Review 
article, we compare the efficacy of the bivalent and 
quadrivalent vaccines in terms of infection and lesional 
end points (mostly intraepithelial neoplasias). We also 
discuss the methods used to verify the effectiveness of 
HPV vaccination.

HPV infections and immune response 
Genital HPV infections are rapidly acquired after 
sexual debut, with about half of young women and 

men becoming infected in 3 years.6–8 HPV prevalences 
increase almost linearly with increasing number of life-
time sexual partners,9,10 despite condom use and circum-
cision being partially protective against transmission.11,12 
Following a microtrauma, the virus can establish infec-
tion in epithelial basal cells, with replication of HPV 
occurring as the infected cells differentiate.13 Intact 
virions are released when the productively infected cells 
are exfoliated. These virions can establish secondary foci 
of infection on the host mucosa or skin and be trans-
mitted in sexual contact that occurs in the weeks and 
months after initiation of the infection.14

Approximately 40 different HPV types are known to 
infect the anogenital tract, and are divided into low-risk 
and high-risk types according to their oncogenic poten-
tial. The most prevalent low-risk HPV types HPV6 and 
HPV11 belong to clade A10.1 Twelve HPV types are 
established as carcinogenic to man by the International 
Agency for Research on Cancer (IARC): HPV16, HPV31, 
HPV33, HPV35, HPV52 and HPV58 belonging to 
clade A9; HPV18, HPV39, HPV45 and HPV59 belonging 
to clade A7; HPV56 belonging to clade A6; and HPV51 
belonging to clade A5.1 The cumulative prevalence of 
these 12 high-risk HPV types in cervical cancer exceeds 
100 percent, because a variable proportion of cervical 
cancer specimens contain multiple types.15 In addition 
to the 12 high-risk types, HPV68 is classified as prob-
ably carcinogenic and HPV66 was originally, but is no 
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longer, classified as a carcinogen.16 However, new data is 
emerging on the biological action of these viruses17 and 
evaluation of vaccine efficacy to an even wider variety of 
high-risk HPV types (HPV66, for example) might be war-
ranted. Furthermore, the prevalence of HPV types 18 and 
45—which infect columnar epithelial cells as well as squa-
mous cells—might, over time, have increased in coun-
tries with organized cervical screening,18 which effectively 
removes precursor lesions of squamous cell origin.

In the infected epithelium, the virally encoded pro-
teins are recognized by epithelial antigen-presenting 
cells (APCs, known as Langerhans cells) and by anti-
body-producing B cells.19 The interaction between the 
APCs and T cells restricts the infection to the primary 
focus (mediated by cytotoxic T cells), and enhances the 
HPV antibody response by T helper (TH) cells. Although 
the cell-mediated response becomes detectable within 
weeks and the antibody response within months after 
infection,14 some individuals with HPV infection do not 
produce any detectable antibodies against the virus.20 
The antibody response after an HPV16 infection is likely 
to be protective against reinfection in a notable propor-
tion (up to 50%) of infected women,21 but reinfections 
might occur.14,22 Consequently, HPV vaccination of 
women who have infection-induced HPV antibodies 
significantly improves their protection against new HPV 
infections and HPV-associated lesions.23

Up to 90% of HPV infections clear spontaneously.14 
Low-risk HPV infections clear in about 4 months,1 
whereas high-risk HPV types seem to cluster in three 
groups depending on average clearance time (Figure 1), 
with HPV16 being slow (18–23 months), HPV18, 
HPV31, HPV33 and HPV52 taking a moderate clearance 
time (12–18 months) and the other confirmed high-risk 
HPV types having fast clearance (6–7 months).24,25

High-risk HPV infection is a necessary factor in cervi-
cal carcinogenesis. Smoking and Chlamydia trachomatis 
infection are frequent (occurring in 5–35% of young 
women), significant co-factors that modestly increase the 
risk of carcinogenesis.26–29 Concomitant C. trachomatis 
infection obtained at about the same time as a high-risk 
HPV infection can considerably (up to 30-fold) increase 
the relative risk of developing cervical intraepithelial 
neoplasia grade 3 (CIN3) compared with past C. tra-
chomatis and HPV18 or HPV45 infections,30 possibly 
by prolonging the duration of the HPV infection.31,32 
Smoking (and associated sexual risk-taking behavi-
ours) acts on several levels, by increasing the likelihood 
of acquiring genital HPV infections,33 weakening the 
immune response to HPV34 and impairing the healing 
of HPV-associated cervical lesions.35

Up to 50% of young women who have acquired a 
genital HPV infection will acquire at least one other infec-
tion with a different HPV type within a few years.36–44  
The risk of acquiring another high-risk HPV infection 
for a high-risk-HPV-positive woman is threefold to 
sixfold higher than for a woman with no detectable anti-
bodies against high-risk HPV types.37–40 The clustering 
of multiple HPV types in the same individual seems to 
be independent of host or viral factors, but rather caused 

by a common risk determinant of exposure, presum-
ably risk-taking sexual behaviour.38,41,42 Compared with 
single high-risk HPV infections, infections with multiple 
high-risk HPV types have been suggested to be associ-
ated with an increased risk of high-grade squamous 
intraepithelial lesions.24,36,43,44

HPV vaccine immunogenicity
The two licensed, prophylactic HPV vaccines both com-
prise DNA-free virus-like particles (VLP), which are 
produced by expressing the major structural L1 gene of 

Key points 

 ■ Bivalent and quadrivalent human papillomavirus (HPV) vaccines are available 
that are highly efficacious against persistent vaccine‑type HPV infections and 
associated intraepithelial neoplasias

 ■ Efficacy against external HPV6‑associated and HPV11‑associated genital lesions 
in females and males has been documented only for the quadrivalent vaccine

 ■ The quadrivalent HPV vaccine protects against nonvaccine HPV type 31; cross‑
protective efficacy of the bivalent vaccine extends to HPV types 31, 33, 45 and 51

 ■ The overall efficacy of the bivalent vaccine against cervical intraepithelial 
neoplasia grade 3 may be better than that of the quadrivalent vaccine

 ■ The increased importance of vaccinating both girls and boys is underlined  
by the mostly low coverage of national, girls‑only vaccination programmes
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Figure 1 | Clearance rates (one infection per year) and 
95% CI of incident high‑risk HPV clade A7 and clade A9 
infections in 2,399 young (16–17 years old at 
presentation) women from the cohort data in the control 
arm of phase III bivalent HPV vaccine (PATRICIA) study in 
Finland.3 Data consist of type‑specific frequencies for 
incident infections, 6‑month persistent infections and 
12‑month persistent infections. The frequencies 
correspond to a 48‑month follow‑up duration (testing every 
6 months).25 The posterior distributions were computed 
for each type, and based on these distributions the clade 
A7 and A9 high‑risk HPV types were grouped into slowly 
(HPV16, red), moderately (HPV18, 31, 33 and 52, orange), 
and rapidly (HPV35, 39, 45, 59 and 68, blue) clearing 
infections. Abbreviation: HPV, human papillomavirus. 
Permission obtained from S. Vänskä, Rolf Nevanlinna 
Institute, University of Helsinki, Finland.
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HPV types 6, 11, 16 and 18 in yeast (Gardasil®; Merck, 
Whitehouse Station, USA) or the L1 genes of HPV types 
16 and 18 in insect cells (Cervarix®; GlaxoSmithKline, 
London, UK). Once expressed, the corresponding L1 
proteins spontaneously assemble into noninfectious 
VLPs, which are remarkably immunogenic. After three 
doses of the vaccine (the second dose 1–2 months after 
the first, and the third dose 6 months after the first), the 
antibody response is orders of magnitude higher than 
after a natural infection and has been detectable in all 
vaccinated participants in sizeable phase III studies.2,4

Although the HPV VLPs are immunogenic, adjuvant 
agents (aluminiumhydroxy-diphoshosulfate in Gardasil® 
and aluminiumhydroxide supplemented with mono-
phosphorylipid AS04 in Cervarix®) are used to enhance 
the antibody response.45 The aluminium derivatives 
enable APCs to stimulate TH cells to migrate to the injec-
tion site.46 TH2 cytokine response promotes antibody 
production,47 the maturation of which is enhanced by 
the adjuvant aluminates.48 The monophosphoryl lipid 
AS04 also promotes antibody production and g eneration 
of memory B cells.45

The VLP-induced antibody response is age- dependent; 
in children <15 years of age, both the licensed vac-
cines induce higher antibody responses than in those 
>15 years.49,50 Gender, combination of the HPV vaccines 

with other vaccines or smoking (in spite of its probable 
role in deteriorating immune surveillance of natural 
HPV infection) do not seem to have any major effects 
on the vaccine-induced antibody response.51–55 However, 
because sterilizing immunity is not achievable, the 
C. trachomatis- induced potential immune-perturbation 
effect of concomitant infection with HPV18 and HPV45 
in cervical carcinogenesis30 versus vaccine-induced 
immune protection against HPV challenge (especially 
with HPV18 and HPV45) warrants investigation.

A month after the third dose, the vaccine-induced 
antibody levels are up to 100 times higher than  
the antibody levels induced by natural HPV infection.56,57 
Antibody levels induced by the bivalent vaccine remain 
very high for up to 8.4 years;57 by contrast, the HPV18 L1 
antibody levels induced by the quadrivalent vaccine 
decreased over 3–5 years to the level of natural infec-
tion induced HPV18 antibodies,58 even if most vaccinees 
had neutralizing antibodies 48 months after vaccina-
tion.59 However, one booster dose 5 years after initial 
vaccination readily provoked an efficient secondary 
response, and the ensuing HPV6, HPV11, HPV16 and 
HPV18 antibody levels were higher than after the initial 
three-dose immunization.58 Interestingly, women whose 
epitope-specific antibody levels had declined below the 
limits of detection still continued to be protected against 
HPV infection and associated lesions,60,61 suggesting that 
protective antibodies are not directed against a single 
epitope and/or that the lowest level of HPV-vaccine-
induced antibodies required for protection might be 
even lower than the detection limit of current HPV sero-
logy assays. This finding is especially important because 
pseudovirion-based determination of neutralizing anti-
body levels for the clade A7 and A9 nonvaccine HPV 
types (HPV31, HPV33 and HPV45—against which the 
bivalent vaccine shows constant protective efficacy) are 
<1% of the extremely high levels of the corresponding 
vaccine-induced HPV16 and HPV18 antibody levels.62

In women, the mucosal immunity induced by the HPV 
VLP vaccines is mediated by serum antibodies leaking 
into the mucosal surfaces.63 Higher levels of neutralizing 
antibodies following vaccination might be evident with 
the bivalent vaccine than with the quadrivalent vaccine, 
but no significant differences in the mucosal antibody 
levels induced by the two vaccines were observed using 
ELISA.61 Mucosal antibodies are detectable 4 years after 
HPV16 and HPV18 vaccination in two-thirds of vaccine 
recipients.63 Notably, in individuals without detectable 
mucosal antibodies, serum antibody levels after three-
dose immunization with the bivalent vaccine were 
continuously significantly lower than in women with 
detectable mucosal antibodies, possibly due to too-low 
amounts of exudated antibodies.63 However, at the site 
of the initial infection or associated microtrauma, even 
low (that is, undetectable) levels of serum antibodies can 
probably offer protection against infection.

Genital HPV infections
HPV infections are usually asymptomatic and need 
laboratory assays (such as PCR-based DNA detection 

Table 1 | Vaccine efficacies against HPV persistence*

HPV type Vaccine Vaccine efficacy (95% CI)

HPV6 and 11 Cervarix®
Cervarix®
Gardasil®

34.5% (11.3–51.8%)65

Not available109

100% (85.0–100%)56

HPV16 Cervarix®
Cervarix®
Gardasil®

94.7% (91.8–96.7%)3

90.8% (82.4–95.6%)109

91.6% (73.3–98.4%)56

HPV18 Cervarix®
Cervarix®
Gardasil®

92.3% (86.5–96.0%)3

100% (94.2–100%)109

91.6 (43.3–99.8%)56

HPV31 Cervarix®
Cervarix®
Gardasil®

77.1% (67.2–84.4%)110

64.7% (42.6–78.9%)109

46.2% (15.3–66.4%)111

HPV33 Cervarix®
Cervarix®
Gardasil®

43.1% (19.3–60.2%)110

32.1% (–41.1–68.2%)109

28.7% (–45.1–65.8%)111

HPV35 Cervarix®
Cervarix®
Gardasil®

–21.8% (–103–26.2%)110

25.0% (–40.6–60.6%)109

17.8% (–77.1–62.5%)111

HPV45 Cervarix®
Cervarix®
Gardasil®

79.0% (61.3–89.4%)110

73.0% (45.3–87.8%)109

7.8% (–67.0–49.3%)111

HPV52 Cervarix®
Cervarix®
Gardasil®

18.9% (3.2–32.2%)110

19.6% (–8.1–40.4%)109

18.4% (–20.6–45.0%)111

HPV58 Cervarix®
Cervarix®
Gardasil®

–6.2% (–44.0–21.6%)110

2.8% (–48.0–36.2%)109

5.5% (–54.3–42.2%)111

HPV59 Cervarix®
Cervarix®
Gardasil®

–3.9% (–61.7–33.1%)110

–30.3% (–130–25.6%)109

18.7% (–22.8–46.4%)111

*Studies conducted in women who were determined to be cervical HPV 
negative by PCR at baseline. End of study analyses. Abbreviation: HPV, 
human papillomavirus. 
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assays) for detection. However, the detection of HPV 
DNA in a single laboratory assay cannot be considered 
proof of infection, as it can also represent environmental 
contamination. In fact, HPV DNA-based screening tests 
are designed to have a cut-off level that preferentially 
detects infection—because exposures that do not result 
in an infection are typically present as low HPV DNA 
levels—rather than contamination.64 That is, the cut-off 
values are considerably higher than for most other DNA 
assays. In HPV vaccinology, infection is defined as HPV 
DNA that has been continuously present in multiple 
sampling occasions (persistent positivity), usually over 
a 6-month period.2,4 Using 6-month HPV DNA persis-
tence as an end point, vaccine efficacy data is available 
for the two licensed vaccines (Table 1 and Supplementary 
Table 1 online).

In baseline HPV PCR-negative (HPV6, HPV11, 
HPV16 and HPV18 negative for the quadrivalent 
vaccine and HPV16 and HPV18 negative for the bivalent 
vaccine) women, vaccine efficacies against 6-month per-
sistent infections with HPV16 and HPV18 are 90–100%, 
and are indistinguishable between the vaccines (Table 1). 
The efficacies of the two vaccines against persistent 
HPV6 and HPV11 infections differ considerably in 
individuals who are PCR negative at baseline (Table 1). 
However, the bivalent vaccine—which does not speci-
fically target HPV6 and HPV11—has a low (34.5%) 
but statistically significant efficacy against persistent 
infection with these virus types, presumably caused by 
cross-protection from the vaccine.65 The vaccine efficacy 
against 12-month persistent infection with the types 
covered by the vaccines is similar to the vaccine efficacy 
against 6-month persistent infection.3,5

Comparison of the vaccine against the other major 
nonvaccine high-risk HPV types (using the 6-month 
persistence definition) showed that, among baseline 
HPV PCR-negative women (for the HPV vaccine types), 
the two approved vaccines were not significantly differ-
ent against HPV31 (64.7–77.1% and 46.2%) and HPV33 
(32.1–43.1% and 28.7%) in terms of efficacy (over-
lapping 95% CI; Table 1 and Supplementary Table 1 
online). Both vaccines had a similar, low efficacy against 
HPV52 (18.9–19.6% and 18.4%; Table 1), suggesting a 
relatively wide cross-protection for HPV types within 
clade A9. Cross-protection against HPV35 is ambiguous 
and HPV58 is the only clade-A9 virus that is definitely 
not protected against with current vaccines. Cross-
protection in clade A7—presumably induced by the 
HPV18 component in the vaccine—was only observed 
with the bivalent vaccine, which had a vaccine efficacy 
against HPV45 of 73.0–79.0% (Table 1); the quadriva-
lent vaccine had no significant vaccine efficacy against 
HPV45 (7.8%). The bivalent vaccine had no significant 
vaccine efficacy against HPV types 39, 59 and 68, and 
the quadrivalent vaccine had no significant vaccine 
efficacy against HPV59. In the intention-to-treat analy-
ses, the vaccine efficacy estimates were similarly low 
for both the vaccine types HPV16 and HPV18 and the 
cross-protected HPV types 31, 33 and 45 (Supplementary 
Table 1 online).

External genital lesions
Vaccine efficacies against cytological end points have 
not been consistently reported and—for external genital 
lesions (EGLs)—have only been reported for the quad-
rivalent vaccine (Table 2). Regardless of HPV type, the 
quadrivalent vaccine efficacy against EGLs has been 
estimated to be high to very high among those who are 
baseline HPV-negative, both for females and males.5,66 
Very high vaccine efficacies for EGLs are associated 
with HPV16 and HPV18 (94% and 100% for women, 
and 100% and 100% for men associated with HPV16 and  
HPV18, respectively). Although the efficacies of the vac-
cines in males against EGLs associated with HPV types 6 
and 11, and HPV 16 and 18 were also high, they were 
lower than the corresponding HPV-specific vaccine 
efficacies for females (Table 2). The individuals who 
were seropositive for HIV in the male study population 
could not have contributed to the lower vaccine effi-
cacy in males because these individuals were excluded 
from pertinent analyses. Furthermore, immunogenicity 
of the quadrivalent vaccine has been adequate in HIV-
positive males.67 In vaccinated individuals, breakthrough 
EGLs that are positive for the HPV types covered by the 
vaccines are rare. In the few reported cases, concomi-
tant (multiple) infections with other, nonvaccine HPV 
types have been found, which suggests that the EGLs 
could have been caused by the concomitant nonvaccine 
HPV type.5

Precursors of anogenital cancers
As expected, the high vaccine efficacies against 
HPV infection and benign HPV-induced lesions are 

Table 2 | Efficacy of Gardasil® against external genital warts

HPV type detected 
in wart

Vaccinated/
infected (n)

Control vaccinated/
infected (n)

Vaccine efficacy 
(95% CI)

Baseline-negative women5,68

HPV6 and HPV11 4,689/4 4,735/138 97.1% (92.4–99.2%)

HPV16 4,689/1 4,735/17 94.0% (62.0–99.9%)

HPV18 4,689/0 4,735/11 100% (59.6–100%)

Intention-to-treat (all participants) women5

HPV6 and HPV11 8,689/62 8,702/298 79.3% (72.7–84.5%)

HPV16 8,689/3 8,702/32 90.6% (70.0–98.2%)

HPV18 8,689/1 8,702/22 95.4% (71.8–99.9%)

Baseline-negative men66

HPV6 1,245/3 1,244/19 84.3% (46.5–97.0%)

HPV11 1,245/1 1,244/11 90.9% (37.7–99.8%)

HPV16 1,295/0 1,271/2 100% (–421–100%) 

HPV18 1,335/0 1,354/1 100% (–3,805–100%) 

Intention-to-treat (all participants) men66

HPV6 1,817/63 1,815/112 44.7% (24.1–60.1%)

HPV11 1,817/16 1,815/39 59.4% (25.7–78.8%)

HPV16 1,817/71 1,815/131 46.9% (28.6–60.8%)

HPV18 1,817/25 1,815/56 56.0% (28.2–73.7%)

Abbreviation: HPV, human papillomavirus. 
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translating to high vaccine efficacies against the pre-
cursors of anogenital cancers that are caused by these 
infections. Importantly, the vaccine efficacy estimates 
tend to increase as the severity of the cervical, vulvar, 
vaginal or anal lesions increase, for both vaccines 
(Tables 3–5).

Cervical intraepithelial neoplasia
Results from the two phase III trials on the vaccine effi-
cacy (irrespective of HPV type) of the quadrivalent and 
bivalent vaccines (FUTURE I and II and PATRICIA, 
respectively) that assessed the incidence of CIN1 lesions 
(mild dysplasia) have been 29.7%5 and 50.3%3 among 
baseline HPV-negative participants, and 20.3%5 and 
27.7%3 among all participants in intention-to-treat 
analyses. The vaccine efficacies against CIN1 associated 
with HPV types 6, 11, 16 and 18, and HPV types 16 and 
18 were remarkably similar: 97.2%68 and 96.5%3 among 

baseline HPV-negative participants, and 67.5%68 and 
62.9%3 in the intention-to-treat analyses (Table 3).

The detection of CIN2 or CIN3 lesion (CIN2, CIN2+, 
CIN3 and CIN3+) has been the most important end 
point of the phase III HPV vaccine efficacy trials. For 
ethical reasons, follow up without treatment is not 
possible for participants who have CIN2. Although 
CIN3 develops from CIN2 lesions, the CIN3 lesions 
documented in the trials presumably arise from extra-
ordinarily rapid development between study visits. 
Although CIN2 is a clinically important trial end point, 
it is hampered by subjective assessment with poor repro-
ducibility69 and high likelihood of spontaneous regres-
sion.70 Distinguishing lesions that would have progressed 
or regressed if left untreated is impossible; thus, whether 
the vaccines are equally efficacious against both types 
of lesions is unclear. Furthermore, the two large-scale 
phase III trials differ in the inclusion of baseline HPV 

Table 3 | Efficacy of approved HPV vaccines against CIN 

Neoplasia grade  
(HPV type detected in lesion)

Vaccine Vaccinated/
infected (n)

Control vaccinated/
infected (n)

Vaccine efficacy 
(95% CI)

CIN1 or CIN1+ in baseline-negative cohort

CIN1+ (HPV16 and HPV18)3 Cervarix® 5,466/5 5,452/141 96.5% (91.6–98.9%)

CIN1 (HPV16 and HPV18)68 Gardasil® 4,616/3 4,680/107 97.2% (91.5–99.4%)

CIN1+3* Cervarix® 5,466/174 5,452/346 50.3% (40.2–58.8%)

CIN15* Gardasil® 4,616/241 4,680/346 29.7% (16.9–40.6%)

CIN1 or CIN1+ in intention-to-treat cohort

CIN1+ (HPV16 and HPV18)3 Cervarix® 8,694/121 8,708/324 62.9% (54.1–70.1%)

CIN1 (HPV16 and HPV18)68 Gardasil® 8,562/99 8,598/304 67.5% (59.1–74.4%)

CIN1+3* Cervarix® 8,694/579 8,708/798 27.7% (19.5–35.2%)

CIN15* Gardasil® 8,562/788 8,598/984 20.3% (12.4–27.5%)

CIN2 or CIN2+ in baseline-negative cohort

CIN2+ (HPV16 and HPV18)3 Cervarix® 5,466/1 5,452/97 99.0% (94.2–100%)

CIN2 (HPV16 and HPV18)68 Gardasil® 4,616/0 4,680/45 100% (91.4–100%)

CIN2+3* Cervarix® 5,466/61 5,452/172 64.9% (52.7–74.2%)

CIN2+68* Gardasil® 4,616/77 4,680/136 42.7% (23.7–57.3%)

CIN2 or CIN2+ in intention-to-treat cohort

CIN2+ (HPV16 and HPV18)3 Cervarix® 8,694/90 8,708/228 60.7% (49.6–69.5%)

CIN2 (HPV16 and HPV18)68 Gardasil® 8,562/79 8,598/168 53.0% (38.2–64.5%)

CIN2+3* Cervarix® 8,694/287 8,708/428 33.1% (22.2–42.6%)

CIN2+68* Gardasil® 8,562/296 8,598/367 19.3% (5.7–31.0%)

CIN3 in baseline-negative cohort

CIN3 (HPV16 and HPV18)3 Cervarix® 5,466/0 5,452/27 100% (85.5–100%)

CIN3 (HPV16 and HPV18)68 Gardasil® 4,616/0 4,680/41 100% (90.5–100%)

CIN33* Cervarix® 5,466/3 5,452/44 93.2% (78.9–98.7%)

CIN368* Gardasil® 4,616/36 4,680/64 43.0% (13.0–63.2%)

CIN3 in intention-to-treat cohort

CIN3 (HPV16 and HPV18)3 Cervarix® 8,694/51 8,708/94 45.7% (22.9–62.2%)

CIN3 (HPV16 and HPV18)68 Gardasil® 8,562/100 8,598/177 43.5% (27.3–56.2%)

CIN33* Cervarix® 8,694/86 8,708/158 45.6% (28.8–58.7%)

CIN368* Gardasil® 8,562/237 8,598/284 16.4% (0.4–30.0%)

*Irrespective of HPV type, or no HPV detected. Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.
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seronegative women: negative for all vaccine HPV types 
(HPV6, HPV11, HPV16 and HPV18 in the FUTURE 
study)4,5 or negative for all HPV types (in the PATRICIA 
trial).2,3 These caveats should be kept in mind when 
c onsidering the vaccine efficacy estimates.

The phase III trials of both vaccines have reported 
vaccine efficacies against CIN2+, CIN3 and adeno-
carcinoma in situ (AIS) after 3–4 years of follow-up 
monitoring: 19.3%, 16.4% and 60% (for the quadrivalent 
vaccine),68,71 respectively, and 33.1%, 45.6% and 76.9% 
(for the bivalent vaccine),3 respectively, in intention-to-
treat analyses (Table 3). In baseline HPV PCR-negative 
participants, the vaccine efficacy against CIN2+ and 
CIN3+ were 42.7% and 43.0%68, and 64.9% and 93.2%,3 
for the quadrivalent and bivalent vaccines, respectively. 
Importantly, vaccine efficacies against CIN2+, CIN3+ 
and AIS associated with HPV16 and HPV18 were 100%, 
97.2% and 100% (quadrivalent vaccine),68,71 and 99.0%, 
100% and 100% (bivalent vaccine)3 among baseline 
HPV-negative participants.

A statistically significant difference between the two 
vaccines in their efficacy against any CIN3 has been 
shown (93.2% versus 43.0% for the bivalent and quad-
rivalent vaccines; Table 3). However, a proof-of-principle 
study using cancer-registry-based follow-up data of the 
quadrivalent vaccine has found a 100% (albeit insignifi-
cant) vaccine efficacy against CIN3+.72 Surveillance of 
early vaccination programmes is also providing evidence 
of the overall reduction of high-grade cervical dysplasia 
following quadrivalent HPV vaccination.73 The cancer-
registry follow-up data covers a period of 5–10 years after 
vaccination or enrolment; thus, most of the identified 
CIN3 lesions have probably been caused by HPV16, the 
most prevalent and oncogenic HPV type.1 In the fore-
seeable future, however, sizeable Nordic phase III trial 
cohorts will provide population-based data on vaccine 
efficacies against CIN3+ and invasive cervical cancer for 
both the licensed HPV vaccines.74

Vulvar and vaginal intraepithelial neoplasia
Vaccine efficacies against precursors of vulvar or vaginal 
cancers (vulvar intraepithelial neoplasia [VIN] and 
vaginal intraepithelial neoplasia [VAIN]) have been 
reported only for the quadrivalent vaccine,68 because 
appropriate samples in these anatomical sites were 
not collected in the major efficacy trial of the biva-
lent vaccine. Efficacies against VIN1 or VAIN1 lesions 
were extremely good in participants who were nega-
tive for HPV6, HPV11, HPV16 and HPV18 at baseline 
(91.6% and 100%, respectively) and very good (67.6% 
and 87.5%, respectively) in the intention-to-treat analy-
sis (Table 4). Furthermore, vaccine efficacies against 
HPV6 and HPV11-associated and HPV16 and HPV18-
associated VIN2–3 or VAIN2–3 were also extremely 
good (>95%, Table 4) in those participants who were 
baseline HPV-negative.5,68 As seen for CIN lesions 
(Table 3), the vaccine efficacies against all VIN or VAIN 
lesions increased as the grade of the lesion increased—
VIN1 or VAIN1 vaccine efficacy was 54.8%, whereas for 
VIN2–3 or VAIN2–3 the efficacy was 77.1% (Table 4).

Anal intraepithelial neoplasia
Vaccine efficacies against anal HPV16 and HPV18 infec-
tion and precursors of anal cancer (anal intra epithelial 
neoplasia [AIN]) have been reported only for the quad-
rivalent vaccine in males,75 again partially because 
appropriate samples in these anatomical sites were not 
collected in the PATRICIA trial. However, from the 
Costa-Rican HPV16/18 trial, vaccine efficacy estimates 
against anal HPV16 and HPV18 infections in women are 
available.76 The vaccine efficacies are remarkably similar 
(83.6% and 84.5%) for the quadrivalent and bivalent 
vaccines against anal HPV16 and HPV18 infections in 
men and women (Table 5).75,76 Similar to the findings for 
cervical and vulvar or vaginal lesions (Tables 3 and 4), 
the vaccine efficacies for anal lesions tended to increase 
by lesion severity. In baseline HPV-negative men and all 
trial participants, vaccine efficacies against all AIN1+ 
were 54.9% and 25.7%, respectively, and the correspond-
ing vaccine efficacies against all AIN2–3 lesions were 
74.9% and 54.2%, respectively (Table 5).75

Increasing efficacy with increasing severity
The strong increase in vaccine efficacy with increasing 
lesion severity is largely attributed to accumulation of 
the more-oncogenic HPV types 16 and 18.1 However, 
in type-restricted analyses, the vaccine efficacies tend 
to be higher for severe lesions than for infection-related 
end points;3,68 accordingly, this accumulation cannot be  
the whole answer. For both vaccines, protection against the  
accumulation (cumulative incidence) of all CIN3 or AIS 
cases becomes detectable 18 months after vaccination 
(Figure 2). Cumulative incidence is significantly lower  
for baseline HPV-negative vaccinated individuals than for  
controls by 42 months, but in the intention-to-treat 

Table 4 | Efficacy of Gardasil® against VIN and VAIN

HPV type detected  
in lesion 

Vaccinated/
infected (n)

Control vaccinated/
infected (n)

Vaccine efficacy 
(95% CI)

VIN1 or VAIN1 in baseline-negative cohort5

HPV6 and HPV11 4,689/1 4,735/12 91.6% (42.9–99.8%)

HPV16 and HPV18 4,689/0 4,735/13 100% (66.8–100%)

Any* VIN1 or VAIN1 4,689/25 4,735/56 54.8% (26.4–73.0%)

VIN1 or VAIN1 in intention-to-treat cohort5

HPV6 and HPV11 8,689/10 8,702/31 67.6% (32.3–85.9%)

HPV16 and HPV18 8,689/3 8,702/24 87.5% (58.7–97.6%)

Any* VIN1 or VAIN1 8,689/89 8,702/127 29.7% (7.2–47.0%)

VIN2–3 or VAIN2–3 in baseline-negative cohort68

HPV6 and HPV11 4,689/0 4,735/5 100% (<0–100%)

HPV16 and HPV18 4,689/1 4,735/20 94.9% (68.3–99.9%)

Any* VIN2–3 or VAIN 2–3 4,689/7 4,735/31 77.1% (47.1–91.5%)

VIN2–3 or VAIN2–3 in intention-to-treat cohort68

HPV6 and HPV11 8,689/1 8,702/11 90.9% (37.2–99.8%)

HPV16 and HPV18 8,689/9 8,702/37 75.6% (48.5–89.6%)

Any* VIN2–3 or VAIN2–3 8,689/30 8,702/61 50.7% (22.5–69.3%)

*Irrespective of HPV type, or no HPV detected. Abbreviations: HPV, human papillomavirus; VAIN, vaginal 
intraepithelial neoplasia; VIN, vulvar intraepithelial neoplasia.
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population the incidence is only lower for the bivalent 
vaccine cohort (Figure 2). In this context, the two vac-
cines have not demonstrated any therapeutic effects that 
could explain the effects on severe lesions.3,68

Safety
As expected, the safety of the two prophylactic HPV vac-
cines, comprising only one viral (L1) protein and the 
different adjuvant agents, has proven to be excellent in 
various phase II and III trials both in females and males.2–

5,52,66 That the quadrivalent vaccine is part of various dif-
ferent combinations of viral and/or bacterial vaccines does 
not seem to alter its tolerability.51,53 An emerging overall 
issue in vaccinology, however, is to address the so-called 
vaccine confidence gap.77 Although conventional adverse 
and serious adverse-effect reporting captures the major-
ity of the possible (long-term) sequelae of vaccinations, 
cohort studies exploiting population-based health regis-
tries will be more comprehensive.78–81 Comprehensive 
studies linking sizeable cohorts and registries of HPV-
vaccinated individuals with population-based health 
re gistries are ongoing in the Nordic countries.

Prospects for the future
Evaluating the effectiveness of different vaccination 
strategies from both direct and indirect (herd- immunity 
derived) vaccine efficacy calls for evidence-based medi-
cine. In controlled trials, the direct efficacy of HPV 
v accines has been ≥90% against HPV infections or their 
sequelae in HPV-naive individuals (Tables 1–5). Early 
cost–efficacy studies reported that vaccination of both 
girls and boys (strategy A) was inferior to vaccination 

of girls only (strategy B).82 However, according to estab-
lished dynamic transmission models, in moderate cover-
age scenarios, strategy A prevents up to three times more 
HPV infections than strategy B.83,84 These data imply that 
programmes with low-to-moderate coverage among girls 
only can be improved by extending vaccination to boys.25 
Furthermore, the strength of the herd-immunity effect 
observed in Australia—that is, a reduction of genital 
warts in males stemming from vaccinating females  
only83—s uggests that vaccinating boys is worth evaluating.

In the largest randomized effectiveness trial (with 
parental informed consent) involving 80,000 early ado-
lescents, vaccine coverage among girls was 50% and 
among boys 20–30%.85 Previous experience of vacci-
nating 13-year old girls against rubella, and current 
school-based HPV vaccination programmes, suggest 
that reaching 70–80% vaccine coverage in girls is pos-
sible,86,87 but there are few reports of >80% general HPV 
vaccine coverage; marginalization of girls that remain 
both unvaccinated and unscreened makes the aspect of 
justice important for all vaccination strategies.88,89 Poor 
(<50%) rubella vaccine coverage resulted in increased 
incidence of congenital rubella syndrome in Greece, 
because of transfer of the epidemic peak from small and 
school-aged children to young adults.90 Nonorganized 
HPV vaccination programmes (that is, programmes 
that issue recommendations and provide subsidies, but 
do not organize the vaccinations) have had very low 
coverage rates (30–40%).91,92 Consequently, the possi-
bility that nonorganized programmes trying to imple-
ment strategy B might increase social disparity should 
be seriously considered.

Table 5 | Efficacy of approved HPV vaccines against persistent HPV infection, AIN or PIN 

Infection of neoplasia grade  
(HPV type detected in lesion) 

Vaccine  
(sex treated)

Vaccinated/
infected (n)

Control vaccinated/
infected (n)

Vaccine efficacy  
(95% CI)

AIN in baseline-negative cohort

Persistent HPV16 and HPV1876 Cervarix® (female) 1,003/8 986/48 83.6% (66.7–92.8%)

Persistent HPV16 and HPV1875 Gardasil® (male) 191/1 205/24 95.8% (74.1–99.9%)

AIN1+ (HPV16 or HPV18)75 Gardasil® (male) 192/2 205/10 78.6% (–0.4–97.7%)

AIN1+75 Gardasil® (male) 129/12 126/28 54.9% (8.4–79.1%)

AIN2–375 Gardasil® (male) 194/3 208/13 74.9% (8.8–95.4%)

AIN intention-to-treat cohort

Persistent HPV16 and HPV1876 Cervarix® (female) 2,103/47 2,107/124 62.0% (47.1–73.1%)

Persistent HPV16 and HPV1875 Gardasil® (male) 275/29 276/65 57.5% (33.2–73.6%)

AIN1+ (HPV16 or HPV18)75 Gardasil® (male) 275/12 276/27 55.2% (8.5–79.3%)

AIN1+75 Gardasil® (male) 275/74 276/103 25.7% (–1.1–45.6%)

AIN2–375 Gardasil® (male) 275/18 276/39 54.2% (18.0–75.3%)

PIN in baseline-negative cohort

PIN166 Gardasil® 1,397/0 1,408/2 100% (–431.1–100%)

PIN2–366 Gardasil® 1,397/0 1,408/1 100% (–3,788.2–100%)

PIN in intention-to-treat cohort

PIN166 Gardasil® 2,032/3 2,033/4 25.6% (–340–89.1%)

PIN2–366 Gardasil® 2,032/3 2,033/2 –48.9% (–1,680–82.1%)

Abbreviations: AIN, anal intraepithelial neoplasia; HPV, human papillomavirus; PIN, penile intraepithelial neoplasia.
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Comparing strategies A and B, equality between 
genders is also an important consideration—especially 
now that data are available on the very good (>90%) 
efficacy of the quadrivalent vaccine against genital HPV 
infection and associated lesions in males.66 Furthermore, a 
causal association between HPV infection and oropharyn-
geal and tonsillar cancer has been established.1,93 There 
are numerous reports of an epidemic increase in the inci-
dence of HPV-associated oropharyngeal cancer94–96 and of 
an increasing incidence of anal cancer97,98 both in males 
and females. This increase underlines the fact that men 
are not only vectors for transmitting HPV infections to 
females, but a large number of HPV-associated cancers 
that occur in males that could be prevented by HPV vac-
cination. The high vaccine efficacies observed in males 
imply that common effort for HPV vaccination among 
the genders could result in control of the hitherto most-
common sexually transmitted infection and the multiple 
diseases caused by HPV.

Conclusions
The two prophylactic HPV vaccines are highly effi-
cacious against persistent anogenital infections, and 
moderately efficacious against a number of HPV types 
in the same clades not covered by the vaccines. For the 
bivalent vaccine, moderate cross-protection extends 
to HPV types in different clades, possibly because of 
c onformational homology of the epitopes.99

The duration of prophylactic HPV vaccine efficacy 
is now approaching 10 years,100,101 but whether cross- 
protection will be equally long-lasting is unclear. Cancer 
registries are being used to monitor the long-term effi-
cacy closely.72,74 In addition, the possible HPV-type 
replacement following increasing vaccination coverage 
is being closely monitored.102,103

With current, extremely efficacious vaccines, the focus 
of organized HPV vaccination programmes should 
change from reduction of the HPV disease burden to 
control of high-risk HPV (and low-risk HPV) types. The 
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Figure 2 | Kaplan–Meier curves of the estimated cumulative incidence of CIN3+ in the PATRICIA and FUTURE clinical trials. 
a | Women who were HPV PCR‑negative at baseline and who received control or Cervarix® vaccines. b | The intention‑to‑treat 
cohort who received control or Cervarix® vaccines. c | Women who were HPV6, HPV11, HPV16 and HPV18 PCR‑negative at 
baseline and who received control or Gardasil® vaccines. d | The intention‑to‑treat cohort who received control or Gardasil® 
vaccines. All data points have 95% CI error bars marked. Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human 
papillomavirus. Parts a and b reproduced with permission from Elsevier Ltd © Lehtinen, M. et al. Lancet Oncol. 13, 89–99 
(2012), and parts c and d reproduced with permission from Oxford University Press © Muñoz, N. et al. J. Natl Cancer Inst. 
102, 325–339 (2010).
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impact of herd immunity preferentially generated by vac-
cinating both genders has been suggested to tackle low 
coverage in girls-only vaccination programmes25 and will 
be evaluated in an upcoming (2014–2015) community 
randomized trial.85

Future modelling work should focus on eradicating the 
major high-risk HPV types. Modelling, which consid-
ers the already observed albeit varying, herd immunity 
following HPV vaccination85,104,105 and the dynamics of 
sexual transmission has implied that eradication from 
the general population will not be particularly difficult 
in both-sex vaccination scenarios.106 Even with cur-
rently available or studied bivalent to nonavalent (HPV 

types 6, 11, 16, 18, 31, 33, 35, 45 and 52) vaccines—and 
the probable broadly cross-reactive second-generation 
vaccines102,103—eradication will be the ultimate solution 
to the dilemma of HPV and its high cancer burden.
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CORRIGENDUM

Clinical trials of human papillomavirus vaccines and beyond
Matti Lehtinen and Joakim Dillner

Nat. Rev. Clin. Oncol. 10, 400–410 (2013); published online 4 June 2013; doi:10.1038/nrclinonc.2013.84

In the version of this Review article originally published online and in print in the 
July 2013 issue there were errors in the clinical data presented in Tables 2, 3 and 5. 
In addition, reference 68 should have been cited to support data in Table 2, and the 
efficacy of the bivalent vaccine in adenocarcinoma in situ was 76.9% rather than 100% 
as originally reported in the main text on page 405. The errors have been corrected in 
the HTML and PDF versions of the article.
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