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Abstract

Human papillomavirus vaccines were developed beginning in the early
1990s. Two similar vaccines were approved in 2006 and 2009 following
extensive clinical testing. Both vaccines prevent HPV infection. Imple-
mentation of these vaccines is the next challenge.
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INTRODUCTION

Vaccines for human papillomavirus (HPV)
were approved in the United States in 2006
and 2009, following a long development pro-
cess that began in the early 1990s. The key
piece of information that drove development
was the demonstration of self-assembly of the
HPV surface protein, L1, into virus-like parti-
cles (VLPs). Prior experience with VLP-based
hepatitis B vaccines suggested that VLPs would
be immunogenic and that antibody against
VLPs should be protective. Two similar vac-
cines based on this VLP strategy are now widely
available. Although these two vaccines share the
same antigen design, based on a VLP, there are
several differences that may prove significant in
the long run. For a more detailed history of the
laboratory aspects of the development of these
vaccines, please refer to Reference 1.

The first vaccine, developed by Merck and
approved by the US Food and Drug Ad-
ministration (FDA) in 2006, was Gardasil®.
Gardasil contains four VLPs representing
HVP types 6 (20 pg protein), 11 (40 ng
protein), 16 (40 pg protein), and 18 (20 pg
protein). The different antigen doses reflect
the slightly different immunogenicity of each
component. Each component is produced sep-
arately in yeast by standard rDNA methods,
similar to the hepatitis B vaccine. The vaccine is
adsorbed to aluminum hydroxyphosphate and is
delivered by intramuscular injection as a three-
dose regimen (at zero, two, and six months).

The second vaccine, Cervarix®, was devel-
oped by GlaxoSmithKline (GSK) and approved
in 2009. Cervarix contains 20 pg of HPV type
16 and 20 pug of HPV type 18 VLPs. The VLPs
in Cervarix are produced in insect cells, now
a common system for new vaccine production.
The VLPs are formulated with a proprietary
GSK adjuvant, AS04, containing aluminum hy-
droxide and monophosphoryl lipid A (MPL-A),
a potent toll-like receptor agonist. The vaccine
isdelivered as a three-dose regimen at zero, one,
and six months.

The two vaccines perform very similarly in
the clinic. The differences in manufacturing
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are trivial; VLPs made in insect cells or yeast
are essentially indistinguishable, once purified.
The adjuvants and the serotype content are the
bigger differences and reflect the development
philosophies of the two companies and their
collaborators. The Merck group took a con-
servative brute-force approach, using a well-
known yeast manufacturing system and a tra-
ditional aluminum hydroxyphosphate adjuvant.
The GSK group used a relatively novel insect
cell system for manufacturing in conjunction
with a novel adjuvant, AS04. Merck chose to
include two HPV types covering ~70% of cer-
vical cancer (16 and 18) plus two types (6 and 11)
causing ~90% of genital warts. Genital warts
are not often life-threatening, but the added
protection was thought to be an extra incen-
tive for vaccination. The GSK group chose a
more streamlined program, licensed from Med-
Immune, focused on the two HPV types that
cause the majority of cervical cancer.

The other big difference is the timing of ap-
proval. Gardasil was approved in the United
States in June 2006, and Cervarix was approved
in October 2009. Much of the difference in tim-
ing is attributed to the FDA review of the novel
aspects of Cervarix and its adjuvant.

Both vaccines were approved on the basis
of very large clinical trials with long follow-up
periods required to show protection against a
relatively slowly developing infection.

The initial clinical studies were designed
to assess the impact of the VLP vaccines on
the incidence of persistent infections and
cervical intraepithelial neoplasia (CIN) (I,
3). These clinical endpoints were accepted
by the regulatory authorities as surrogates
for protection against frank cervical cancer.
These early monovalent and bivalent vaccines
against types 16 and 18 produced encouraging
clinical results, essentially complete protection
from persistent infection and CIN. These data
drove the design and execution of multiple
clinical efficacy studies in multiple geographic
and social settings. The Merck program com-
prised four major studies in ~30,000 women
followed for an average of three to five years;
GSK’s studies were of a similar magnitude. A



Annu. Rev. Med. 2013.64:91-100. Downloaded from www.annualreviews.org

Access provided by 104.192.169.246 on 05/25/20. For personal use only.

combined analysis of the main studies (4, 5)
yielded 99% efficacy against the primary end-
point of persistent infection in the per-protocol
group over a three-year follow-up period. One
perhaps surprising finding was the apparent
lack of therapeutic effect of the vaccines in
women who were already infected at the time of
vaccination (6). There were numerous debates
about the likelihood of a prophylactic vaccine of
this type providing a benefit for women already
infected. Because the trial enrollment criteria
did not exclude volunteers who were currently
infected, a large number of subjects were
available to answer this question definitively.

Another important issue for any new vac-
cine is safety. At the time they are vaccinated,
vaccinees have nothing wrong with them and
are seeking protection from some future infec-
tion. In the case of cervical cancer, the conse-
quences of infection may not appear for sev-
eral decades. Therefore, the safety profile of
a new vaccine is under intense scrutiny. Most
of the studies supporting licensure included an
analysis of safety, including local injection-site
reactions and systemic reactions. Overall, both
vaccines were well tolerated, with injection-site
pain, mostly transient, being the most common
complaint. This pattern continues in postlicen-
sure trials. In a study in young males, injection-
site complaints were noted by 60% of vaccine
recipients and by 53.7% of placebo recipients.
Systemic complaints were similar, 31.7% and
31.4% in the respective groups (7). A pediatric
study of female and male vaccinees showed a
similar positive safety profile and an increased
rate of injection-site complaints in vaccinees
(77% in vaccinees versus 50% in placebo re-
cipients) (8). In a comparative study (9) of the
two vaccines, both were generally well toler-
ated, with injection-site pain being the most
common solicited complaint. Overall, solicited
systemic symptoms were higher with Cervarix.
Rates of completion of the three-dose regimen
were similar (9).

A number of other important issues were
covered in the context of these trials. The origi-
nal trials were based on the endpoints of persis-
tent infection and low-grade CIN and adeno-

carcinoma in situ (AIS). Further analysis of the
data showed that CIN and AIS graded as stage
2 or 3, the most advanced stages, were also pre-
vented in women who were not infected at the
time of vaccination (10). This reinforced the
hypothesis that vaccination would prevent per-
sistent infection that leads to CIN and AIS of
increasing severity, which ultimately develops
into cervical cancer. Vaccination also prevents
anogenital disease in women caused by vaccine
serotypes (11).

Although the main objective of the vaccine
program was to assess the impact of vaccination
on cervical disease, the size of the volunteer
population afforded the opportunity to look
at other, less common events. Among women
not infected at the time of vaccination, vagi-
nal intraepithelial neoplasia (VaIN) stage 2-3
and vulval intraepithelial neoplasia stage 2-3
were completely prevented in the per-protocol
subjects (12). Efficacy was somewhat lower but
still significant in the intent-to-treat popula-
tion, again underlining the importance of com-
pleting the vaccine regimen before sexual activ-
ity begins.

One of the key questions that will be an-
swered over the coming years is, “How long will
protection last?” The trial designs and follow-
up methodologies will ultimately give us an an-
swer, but some information is now emerging.
The Merck pilot monovalent type 16 vaccine
was tested in the clinic beginning in 1998. Eight
years later, a follow-up study of Seattle sub-
jects showed that the per-protocol vaccinees re-
mained HPV16 DNA negative through 2006
2008. Several cases of HPV disease were noted
in the placebo group. This suggests that the
type 16 vaccine remains efficacious for at least
eight years. A detailed follow-up of >17,000
women who received the quadrivalent vaccine,
first administered in December 2001, showed
essentially 100% efficacy in the per-protocol,
HPV-naive-before-vaccination group. In the
intent-to-treat group that included women of
any HPV status and regimen completeness,
there was still a reduction of ~19% in high-
grade CIN, a23% reduction in cervical therapy,
and a 62% reduction in genital warts (13). This
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is encouraging, and once again we see the dif-
ference between the HPV-naive vaccinees and
those who are HPV positive when vaccinated.

A key feature of the efficacy studies for both
vaccines was the enrollment of a substantial
fraction of volunteers in the Scandinavian coun-
tries, where gynecological data are included
in routine medical records and are readily re-
trieved. The women in this Scandinavian co-
hort serve as a sentinel group. The appear-
ance of cervical disease in them will signal the
need for a booster dose. In order to model
the dynamics of the immune response, a sub-
set of volunteers from the quadrivalent study
was followed for 60 months post vaccination
with periodic serological analysis. Antibody lev-
els declined slowly and reached a plateau above
the cut-off at ~24 months. A booster dose at
month 60 elicited antibody titers greater than
those attained post dose 3 in the primary series
(14). Vaccine-induced immunity would appear
to be robust. Similar studies of the bivalent vac-
cine showed excellent durability of the antibody
response, with antibody levels approximately
three- to ninefold higher in a pseudovirion-
based assay than those attained with the quadri-
valent vaccine. ELISA antibody results were
similar for both vaccine types (15). The signif-
icance of the difference in durability between
the bivalent and quadrivalent vaccine will be
determined during the time of surveillance for
breakthrough.

The other potential immunological differ-
ence is protection against HPV types not in-
cluded in the vaccines (16-19). Up to 40 HPV
types have been implicated in cervical and anal
disease, and making a 40-valent VLP vaccine is
not practical. Fortunately, there is enough sim-
ilarity among types (e.g., 16 and 31, 18 and 45)
to afford some cross protection with both vac-
cines. Clinical serology has been developed to
support an eventual nonavalent vaccine com-
prising types 6, 11, 16, 18, 31, 33, 45, 52, and
58 (20).

One major element of any vaccine program
is the establishment of a correlate of protection.
What level of immune response is associated
with protection from disease? This informa-
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tion is of enormous value for long-term main-
tenance of a vaccine program over the decades
of the life of the project. New techniques for
manufacturing and for clinical diagnosis will
evolve over time and may be implemented. Be-
cause mostvaccines are defined by the processes
and materials used in production, any updates
may require a clinical study to ensure perfor-
mance equivalent to the original product made
by the original methods. Having an immuno-
logical correlate of protection makes it possible
to keep up with improvements in technology. In
the case of HPV vaccines, this is a problem. We
noted early in development that the serologi-
cal response to HPV infection was quite weak,
almost undetectable. T cell response to natu-
ral infection was also difficult to detect with the
techniques available at the time. In contrast, the
antibody response following vaccination was
significantly stronger than that raised by nat-
ural infection. For most current vaccines, the
immune response following infection is much
stronger than the vaccine response. Unfortu-
nately, this makes it difficult to create a corre-
late to support future improvements, since the
only way to prove the new product/process is an
improvement would be to run an efficacy study.
If breakthrough occurs and if the sentinel co-
hort immune response tracks with it, then we
may be able to extract a correlate.

VACCINE ACCEPTANCE
AND UPTAKE

Prior to the discovery of HPV as the cause, cer-
vical cancer was something that just happened,
and there was nothing anyone could do aboutit.
The notion of a virus that causes cervical can-
cer, and the existence of a vaccine to prevent
it, initially excite the imagination of many peo-
ple. Then, the realization that this is the most
common sexually transmitted infection comes
into play, along with the need to vaccinate our
daughters before they become sexually active.
When we add the data showing sexual debut
commonly occurring in the very early teens, and
the university studies showing that over half of
college women are infected with HPV during
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the course of the usual four years, offering an
HPV vaccine brings home a message that many
parents would rather not hear. There is also
a notion, so far unsupported, that vaccinating
teens will encourage sexual activity. Now we
have a choice: to act and vaccinate or to con-
tinue in denial, claiming that our kids are dif-
ferent and will not be sexually active until some
ideal advanced age. Six years into the availabil-
ity of HPV vaccines, how are we doing on this
issue? How widespread is the uptake of the vac-
cines?

The advice of a physician remains the major
component in the decision to vaccinate. A sur-
vey of physicians who favor HPV vaccination in
general showed that their recommendation was
influenced by the “relationship status” of the
patient. The primary recommendation by the
Advisory Committee on Immunization Prac-
tices was to vaccinate females 9-26 years of age,
an age span that includes women old enough to
be parents themselves. Patients who were mar-
ried or in a committed relationship were less
likely to be vaccinated than those who were sin-
gle and dating (21). In a separate study by the
same group, when women were asked about the
likelihood of their seeking vaccination, a sub-
stantial fraction said they were unlikely to do
so if they were in a committed or monogamous
relationship, or lacked information about the
vaccine (22). In the case of children, the advice
of a physician is even more important, espe-
cially when parents hold misconceptions about
adolescent sexuality. In a population of 34,000
girls 9-17 years of age in a California managed
care setting, completion of the three-dose regi-
men was 41%. In a parallel population of young
women aged 18-26, 47% completed the regi-
men. Coverage by the Medi-Cal program was
a positive factor for completion of the regimen.
Negative factors were black race and low so-
cioeconomic neighborhood (23).

Vaccine uptake in the United States to
date has been good, but not as brisk as pre-
dicted. The Centers for Disease Control and
Prevention (CDC) carried out a survey of
adolescent females in 2010 (http://www.cdc.
gov/vaccines/stats-surv/nisteen/data/tables

_2010.htm) asking whether they had received
an HPV vaccine, and if so, how many doses.
The US national average showed 48.7% had
received at least one dose, and 32% had com-
pleted the three-dose series. As expected, there
is considerable variability from state to state
and between urban and rural areas. The states
with the highest proportion of women having
at least one dose were Rhode Island, Delaware,
South Dakota, and Washington. This survey
included a subanalysis of cities versus rest of
state for large metropolitan areas such as New
York, Chicago, and Philadelphia. As one might
expect, the urban uptake was about 10%-12%
greater than the overall state uptake. Texas re-
ceived particular attention, with Austin, Dallas,
Houston, and El Paso analyzed versus the state.
Dallas had a 34% one-dose uptake, but El Paso
had 67%. These numbers will certainly evolve
over time. This same survey included questions
about receipt of at least one dose of T'd or Tdap
(tetanus, diphtheria, and pertussis vaccine)
and meningococcal conjugate vaccine after
age 10. The national average uptake figures
were 81% and 63%, respectively, reflecting
perhaps a higher comfort level with these older
vaccines.

The immunization schedule in the United
States now includes an adolescent visit for
Tdap, meningococcal conjugate vaccine, and
HPYV vaccine. Because these are all adminis-
tered at the same time, the developer of the
new vaccine component (HPV in this case) is
obligated to demonstrate lack of impact on the
safety and immunogenicity of the older compo-
nents. Several studies showed a lack of negative
impact (24, 25), an important point for the ef-
ficiency of the adolescent visit.

NEW DEVELOPMENTS

The HPV vaccines were initially recommended
for females aged 9-26 years. This age range
includes the prime time for adolescent vacci-
nation in general and for the years of high-
est sexual activity. Vaccination of males in this
age group was discussed in multiple settings.
One side argued that females suffer most from
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HPYV infection and it is most cost-effective to
justvaccinate females. Vaccination of males, the
vectors of transmission, is costly for the incre-
mental benefit achieved. Gardasil was initially
priced at $120 per dose, so cost-effectiveness
calculations come into play. The counterargu-
ment was that single-sex vaccination is not ef-
fective. In the 1960s the rubella vaccine was
introduced for females of reproductive age in
middle of an epidemic of rubella, rubella birth
defects, and abortions. Within a few years, it be-
came apparent that single-sex vaccination was
not sufficient, and the rubella vaccine was im-
plemented in the pediatric regimen for both
sexes. Rubella has all but disappeared from the
United States.

The initial HVP vaccine studies included
some younger male subjects. Immunogenicity
in males was at least as good as in females,
and in two studies it was demonstrably better
(8, 26), so the immune response is not gender
specific. The anus has an epithelial transition
zone similar to the cervix. This transition zone
is the most common site of anal intraepithelial
neoplasia (AIN). In a study of 602 men who
have sex with men, the quadrivalent vaccine
showed a significant impact on the develop-
ment of persistent HPV infection and, more
importantly, high-grade AIN (27). In the
intent-to-treat cohort, efficacy against AIN
caused by the vaccine types (7, 12, 17, 19) was
50%. In the per-protocol cohort, efficacy was
77%. Efficacy against persistent infection was
95%. On the basis of this study and other sup-
porting data (28, 29), the Advisory Committee
on Immunization Practices recommended the
use of the quadrivalent vaccine in males aged
11-26 years (http://www.cdc.gov/mmwr/
preview/mmwrhtml/mm6050a3.htm).

Although the peak years of sexual activity are
typically in the late teens to mid twenties, ac-
tivity continues to be high for quite some time.
Changing social dynamics trend toward mar-
riage at later age or no marriage at all. This
favors the extension of vaccination to women
beyond age 26 years (30). Clinical studies have
shown that both vaccines are immunogenic and
efficacious in this age range (31, 32), so at some
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point in the not too distant future, this cohort
should be covered as well.

A separate question is the expansion of vac-
cination to children and young adults living
outside the United States and Europe. In most
places, cervical screening and treatment are not
commonly available, and rates of cervical cancer
are high. Vaccination would seem to be an expe-
dient solution. Several studies in Latin America
and Asia confirm the general picture of safety
and immunogenicity of the vaccines (33, 34).
However, implementing an adolescent immu-
nization campaign in areas where even the stan-
dard pediatric vaccine program stretches the
limits of resources is logistically daunting and
will require a dedicated effort and significant
financial support.

As a consequence of the HPV vaccine de-
velopment programs, a number of HPV diag-
nostic tools were developed within and outside
of the clinical trials. We now have several sen-
sitive and convenient tools for detecting and
typing papillomavirus DNAs in various tissues.
These tools have been used to document virus
distribution and antibody raised by natural in-
fection as a baseline for epidemiological studies
to gauge the impact of vaccination over time
(35-38).

Recent work showed that HPV, especially
type 16, is associated with a higher risk of head
and neck squamous cell carcinomas (39, 40).
Seropositivity for type 16 is related to oral sex
and number of lifetime sex partners, similar to
the risk of cervical cancer. This raises the ob-
vious question of whether the HPV vaccines
can impact directly or indirectly the incidence
of head and neck carcinomas. We know that
HPV types 6 and 11, particularly type 11, cause
wart-like growths on the larynx. This is a rela-
tively rare occurrence, but targeted surveillance
might reveal a protective effect over time.

FOLLOW-ON ACTIVITIES

Support for approval of the HPV vaccines in-
cluded a variety of cost-effectiveness calcula-
tions. The input assumptions vary, but overall
the general conclusion of these models is that
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vaccinating against HPV will be cost-effective
in the long term, although in the near term
there will be a period of relative increased cost
due to the cost of the vaccines and the long in-
cubation period of HPV disease. Overall, the
modeling studies predict a cost saving (41-43).
The history of Pap test screening may be in-
structive here. The prevailing view at the time
of approval was that we should continue Pap
testing at the then current intervals and revisit
the question as more data accumulated. As this
is written, the American Cancer Society recom-
mendations have been updated to reflect cur-
rent data. The annual Pap screening is discon-
tinued and discouraged in favor of a three-year
interval for women up to age 29 years, and an
interval of 3-5 years plus an HPV DNA test for
older women.

The introduction of a new vaccine carries
with it an obligation for a significant effort to
follow its performance in terms of safety, per-
sistence of immunity and protective efficacy,
pregnancy outcomes in women inadvertently
vaccinated during pregnancy, and diseases of
particular interest, such as autoimmune dis-
eases. Merck’s postlicensure surveillance ini-
tiatives have been reviewed in detail (44) and
include extensions to the Nordic studies men-
tioned above, as well as monitoring of changes
of circulating HPV types covered by the vac-
cine and not covered. This summary conveys
the magnitude of effort that is required to mon-
itor and maintain a new vaccine.

The CDC also assumes a huge burden of
monitoring vaccine implementation and cov-
erage, monitoring vaccine safety via the Vac-
cine Adverse Experience Reporting System
(VAERS), the Vaccine Safety Data Link, and

DISCLOSURE STATEMENT

the Clinical Immunization Safety Assessment
network. These programs are described in de-
tail by Markowitz and colleagues (45), who pro-
vide a window into the detailed effort necessary
to execute a large-scale vaccine program.

SUMMARY AND FUTURE
DIRECTIONS

HPV vaccines have been demonstrated to be
safe, efficacious, and well tolerated both in pre-
licensure studies and in field use. In the con-
text of controlled clinical trials, a benefit in
terms of reduction of CIN, AIS and AIN, and
VaIN was shown in a relatively short time, 2—
5 years in populations under intense follow-up.
In current practice, the frequency of screening
is triannual at best, so demonstration of benefit
may take longer. The full effect of the vaccines
will become apparent when we achieve close to
the ~90% coverage that we have for the cur-
rent pediatric vaccines, and vaccination has to
begin at an age when children are still HPV
naive.

There is still work to do on this topic. In the
laboratory, there are efforts to expand the num-
ber of HPV types covered by the vaccines, and
several attempts are under way to make a thera-
peutic vaccine. This will keep us busy for quite
some time! In the public health arena, there are
multiple programs to introduce these vaccines
into less developed countries where screening is
not available and cervical cancer is number one
or two among cancers that kill women. Con-
ceptually, a vaccination program could be sim-
pler than setting up and maintaining a screen-
ing program, but the results of both activities
should be synergistic.

The author was an employee of Merck & Co. and was involved in the development and testing of

Gardasil.
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