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Abstract

Cervical cancer continues to cause significant morbidity and mortality worldwide, making
prophylactic cervical cancer vaccines an important focus for cervical cancer prevention. The
increasing accessibility of these vaccines worldwide has the potential to greatly decrease the
incidence and burden of disease in the future. However, current prophylactic vaccines offer no
therapeutic benefit for persons already infected with human papillomavirus types targeted by
vaccines or persons with precancerous lesions or cervical cancer. The protection offered by current
vaccines is primarily against human papillomavirus types used to derive the vaccine, although
partial cross-protection for related virus types has been observed. Herein, we describe findings
from preclinical and clinical studies that employ vaccine strategies that have the potential to shape
the future of vaccines against cervical cancer. Modalities include prophylactic strategies to target
more oncogenic virus types by using the minor capsid antigen L2 and/or by increasing the number
of types used to derive virus-like particle vaccines. Therapeutic strategies include the development
of vaccines against human papillomavirus early proteins (targets for cellular immunity) for the
resolution of precancerous lesions and cervical cancer. Future applications of existing VLP-based
vaccines are also discussed.

Introduction

As the etiologic agent of genital warts, as well as precancerous lesions and carcinomas of
the cervix, vagina, and vulva, human papillomavirus (HPV) infections continue to cause
great morbidity and mortality. In the United States (US), it is estimated that 24.9 million
women between the ages of 14 and 59 years are currently infected with HPV.[1] It is also
estimated that more than 80% of women will acquire a genital HPV infection by 50 years of
age.[2] Of the 15 oncogenic HPV types, HPV 16 and 18 account for approximately 52% of
cervical intraepithelial neoplasia (CIN) 2+ cases and 70% of cervical cancer cases

WKH has been Speaker: Merck & Co.,
Consultant: Nventa, MGI Pharma, Roche, Takeda Pharmaceuticals, GlaxoSmithKline
Research: GlaxoSmithKline, Merck & Co., MGI Pharma, Roche Molecular Systems, Takeda Pharmaceuticals.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Huh and Roden

Page 2

worldwide, as well as 54% of CIN 2+ cases and 77% of all cervical cancer cases in the US.
[3] In addition, an estimated 10% of men and women will develop anogenital warts during
their lifetime, of which approximately 90% are caused by benign HPV types 6 and 11.[4]

HPVs contain eight open reading frames, including the early genes, E1 to E7 (except E3),
and the late genes L1 and L2.[5] E5, E6, and E7 proteins regulate specific events involved in
oncogenesis, but E6 and E7 are generally considered the major transforming proteins.[6] L1
and L2 are capsid proteins produced for assembly of complete virions.[5] L1 self-assembles
to form virus-like particles (VLPs), which can also incorporate L2 if co-expressed.
However, the L2 protein does not form a VLP when expressed on its own. Prophylactic
vaccination against L1 of types 16 and 18 is currently available for the prevention of
cervical cancer and precancerous lesions. To reduce the healthcare burden of cervical
cancer, it is necessary to continue developing better vaccination strategies for the control
and treatment of genital HPV.

Prophylactic Vaccines Available for Cervical Cancer

The two vaccines designed to prevent cervical cancer are composed of empty VLPs
generated by expression systems for recombinant capsid antigen L1.[7, 8] VLPs do not
contain viral DNA and are non-infectious. Recombinant L1 VVLPs strongly resemble
authentic papilloma virions in both structure and immunogenicity.[9] Gardasil® (Merck and
Company; Whitehouse Station, NJ, USA), is quadrivalent and consists of L1 VVLP derived
from HPV 6, 11, 16, and 18. Cervarix® (GlaxoSmithKline Biologicals; Rixensart, Belgium),
is bivalent and composed of L1 proteins for HPV 16 and 18. Gardasil® is produced by yeast
expression of L1 and is formulated with Merck’s amorphous aluminum hydroxyphosphate
sulfate adjuvant.[8] Cervarix® uses a Baculovirus-based L1 expression system in insect cells
and the proprietary ASO4 adjuvant, a mixture of aluminum hydroxide and monophosphoryl
lipid A.[10] ASO4 has been shown to induce higher antibody responses than aluminum
hydroxide, although the clinical significance of this is unclear.[9]

Passive transfer studies in animal models suggest the importance of serum antibodies
specific for L1 VLPs in mediating protection.[11, 12] Results for seropositivity and
geometric mean titers (GMTSs) of L1 VLP-specific antibodies have been obtained in patients
for both vaccines; however, different assays were used, making it difficult to directly
compare the studies. After three years, Gardasil® recipients exhibited 96%, 97%, 99%, and
68% seropositivity for HPV 6, 11, 16, and 18, respectively.[13] After a 15-month pre-
specified planned analysis of an ongoing Phase 3 trial, Cervarix® recipients were 99.5%
seropositive against both HPV 16 and 18.[14] After three years, Phase 2 studies for
Gardasil® showed that GMTs induced against HPV 16 and 18 were 17 and 2 times greater,
respectively, than levels induced after natural infection.[15] At five years, GMTs against
HPV 16 declined by 22% and were at natural infection levels for HPV 18, although clinical
efficacy is apparently maintained.[15-17] At seven months during a Phase 3 interim
analysis, Cervarix® was shown to have GMTs that were 313 and 211 times higher than
levels induced after natural infection with HPV 16 and 18, respectively.[14] Results from
Phase 2 studies suggest that Cervarix®-induced GMT levels can be sustained for at least 5%
years.[18]
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In a Phase 2 study, Gardasil® showed 96.6% (95% CI, 79.2% to 99.9%) and 90.6% (95%
Cl, 35.6% to 99.8%) efficacy against persistent infection caused by HPV 16 and 18,
respectively, in the per-protocol group after three years.[17] In a Phase 3 study, Cervarix®
showed 84.1% (97.9% ClI, 73.5% to 91.1%) and 74.0% (97.9% ClI, 49.1% to 87.8%)
efficacy against six-month persistent infections with oncogenic types 16 and 18,
respectively.[14] Gardasil® was 98% effective in preventing CIN 2+ lesions associated with
HPV 16 and 18.[13] Results from the 15-month pre-specified planned analysis showed that
Cervarix® was 90.4% effective in preventing CIN 2+ lesions associated with HPV 16 and
18.[14] The 15-month planned analysis also showed cross-protection, as it prevented 59.9%
(97.9% Cl, 2.6% to 85.2% [p = 0.0165]), 36.1% (97.9% Cl, 0.5% to 59.5% [p = 0.0173]),
and 31.6% (97.9% Cl, 3.5% to 51.9% [p = 0.0093]) of six-month persistent infections with
oncogenic types 45, 31, and 52, respectively.[14] Cross-protection data for Gardasil® have
also been reported. Post-hoc analysis showed that Gardasil® had 38% (95% Cl, 6% to 60%)
efficacy against CIN 2+ or AlIS associated with 10 oncogenic HPV types not included in the
vaccine, and as high as 62% (95% Cl, 10% to 85%) efficacy for types 45 and 31 together.
[19] Neither study was powered to show cross-protective efficacy against CIN with
individual non-vaccine types. Additional analysis of Gardasil® and Cervarix® in larger
populations is needed to establish cross-protective efficacy against CIN for each non-
vaccine type.[19]

Recent clinical studies with L1 VVLP-based vaccines have primarily revolved around the
prevention of cancer associated with the female genital tract, including cervical cancer. L1
VLP vaccines may also prevent additional HPV-associated cancers. HPV has been detected
in 25.9% of head and neck squamous cell carcinomas, of which HPV 16 was responsible for
86.7% of oropharyngeal, 68.2% of oral, and 69.2% of laryngeal squamous cell carcinomas.
[20] HPV-DNA has also been detected in 80.9% of anal squamous cell carcinomas (86.8%
were HPV 16 positive).[21]

Considerations for the Continued Development of Cervical Cancer
Vaccines

Although prophylactic vaccines against high-risk HPV types have been highly effective,
unresolved issues may shape the future of cervical cancer vaccines. Current vaccines must
contain intact L1 VVLPs, which promote the generation of strong, type-restricted, neutralizing
IgG antibody responses. The minimum antibody titer needed for protection in humans is
unknown, though the importance of antibody responses to prophylactic VLP vaccination has
been suggested by studies in preclinical models. A denatured L1 VLP does not induce
protection in the cottontail rabbit papillomavirus or canine oral papillomavirus (COPV)
challenge models, suggesting the importance of L1 conformation-dependent antibody
responses.[11, 12] Suzich et al. also reported that protective L1 immune responses could be
dose-dependent.[11] Increased COPV L1-specific antibody titers were associated with
protection from papillomas, suggesting that there is a certain level of humoral immunity
associated with protection against papilloma viruses.[11, 12] In other studies, passive
transfer experiments with purified IgG, or sera, have further demonstrated the protective
effects of neutralizing L1 VLP-specific antibodies.[11, 12] Although the mechanism is
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currently unclear, it is likely that high and sustained antibody levels are needed in the serum
to ensure transudation of antibodies to the cervical epithelium (site of infection) or exudation
at sites of microtrauma during intercourse.[10]

Both vaccines contain L1 VLPs from oncogenic types 16 and 18. Gardasil® also contains L1
VLPs from the benign types 6 and 11. Since the findings to date suggest that cross-
protection against related HPV types is partial, it remains important to broaden protection to
the remaining oncogenic HPV types. A potential strategy is to simply combine many types
of L1 VLPs to prevent infection with multiple oncogenic types. Assuming type specificity
and 100% efficacy, a polyvalent vaccine containing L1 VLP types 16, 18, 35, 33, 31, 45, 52,
and 58 could potentially prevent 96% of cervical cancer cases in the US.[3] Merck has
performed clinical trials with an octavalent HPV VLP vaccine, including benign L1 VLP
types 6 and 11, and six oncogenic HPV types (16, 18, 31, 45, 52, and 58).[22] However,
data have not yet been released and it is unclear how this program will advance. Increasing
valency complicates vaccine development and cost. Antigenic competition may potentially
complicate dose selection or limit the amount of protein that can be injected.

Conversely, preclinical studies have demonstrated that L2-based vaccines can be used to
generate broad spectrum cross-neutralizing antibodies and could reduce the number of VLP
types required for protection.[23, 24] An L2-based vaccine is in development for early phase
clinical trials at the University of Alabama at Birmingham.

Immunization against HPV will potentially have its greatest impact in developing countries
where 80% of the global cervical cancer burden occurs, which may be due to a lack of
effective Pap screening programs. The current cost and cold chain storage strategy (at 4°C)
required for VLP vaccines may challenge the ability to immunize women in developing
countries. Alternate pricing structures for current vaccines and new vaccination technologies
that allow for lower cost and easier delivery and storage are important for the global fight
against cervical cancer.

Cervical Cancer Vaccination Strategies in Development

Prophylactic (VLP-based), antibody-generating, vaccines do not eliminate pre-existing
persistent infections;[13, 25] however, therapeutic vaccination could have an immediate
impact in reducing the incidence of cervical cancer.

L1 and L2 late capsid proteins are not expressed in the basal cells that harbor infection in
precancerous tissues or cancerous tissues,[26] suggesting that they are not good targets for
therapeutic vaccines.[25] Conversely, E6 and E7 proteins are very promising target proteins
for therapeutic vaccines, as they are the only viral proteins constitutively expressed in
cervical cancer cells and are required to maintain the disease phenotype.[27, 28] During
natural infection, cell-mediated or T-cell responses are important for the recognition of
specific HPV antigens present in the lesion. CIN 2/3 lesions contain increased numbers of
activated T-cells in the stroma and dysplastic epithelium.[29] Recipients of an organ
transplant or individuals co-infected with human immunodeficiency virus have been shown
to have a significantly increased likelihood of developing cervical cancer.[30] E7-specific
cell-mediated immune responses are significantly correlated with regression of CIN 2/3
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disease and resolution of viral infection within 12 months.[31] T-cell responses against
multiple early proteins and L1 are associated with the maintenance of normal cytology.[32]
Topical treatment with A-007, an aryl hydrazone capable of directly upregulating T-cell
activation and agglutination, was shown to increase T-cell infiltrate in precancerous lesions.
A-007 is currently being evaluated in Phase 2 studies.[33] Such results stress the importance
of cellular immune responses in controlling CIN and subsequent cervical cancer.
Augmenting these responses with therapeutic vaccines may prevent the progression of
invasive cervical cancer and potentially clear HPV infections and related intraepithelial
neoplasia.

Peptide Immunization

Recombinant proteins, and smaller, chemically synthesized peptides are one option for
therapeutic vaccination.[34] However, peptide-based vaccines designed to induce effective
T-cell responses against established cancers have had limited clinical success to date, but
continue to be improved.[34] In a nonrandomized, Phase 1 clinical trial, 12 women were
vaccinated with HPV 16 E7 lipopeptide. No clinical responses or adverse events were
observed; however, antigen-specific cell-mediated immune responses in patients with
advanced cervical cancer were demonstrated.[35] In another study, HPV 16 positive women
with CIN 2 were treated with a lipidated E7 peptide emulsified with an adjuvant. Limited
clinical responses were observed in patients after vaccination, but notable increases in E7-
specific T-cell responses were observed.[36] Recently, non-responder patients with HPV 16-
induced cervical cancer or vulvar intraepithelial neoplasia immunized with long,
overlapping peptides (30—-35 amino acids) from E6 and E7 in an oil-in-water emulsion were
converted into robust T-cell responders against E6 and E7. Completed Phase 2 study reports
of clinical responses are forthcoming.[37] A complete clinical response was observed in 4 of
11 patients, and a complete virological response was observed in three of the four patients.

Recombinant Protein Vaccines

Many groups have focused on recombinant protein strategies for therapeutic immunization
because peptides lack the entire protein sequence and therefore have the potential to limit
the pool of relevant epitopes that may be necessary for widespread use. The fusion of
recombinant proteins of interest with heat shock proteins (Hsp) has been shown to generate
a stronger immune response than the protein expressed alone.[38] In the absence of an
adjuvant, a recombinant E6 and E7 protein fused to the Hsp70 protein of M. tuberculosis
was capable of protecting mice against challenge with HPV 16 E6/E7 transformed tumor
cells.[38]

A therapeutic vaccine consisting of a Hsp65 and HPV 16 E7 fusion protein (HSpE7) was
evaluated in women with CIN 3.[39] While HspE7 vaccination appeared to provide clinical
benefits in some women with CIN 3, it is unclear whether this response was due to natural
regression or to the effect of treatment. A large randomized controlled trial is needed to
better define efficacy.[39] To further evaluate recombinant protein therapeutic vaccines, a
multicenter, nonrandomized, open-label, uncontrolled Phase 1 safety study of HspE7
administered concomitantly with an adjuvant in subjects with precancerous lesions is
underway.[40]
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An alternative immunization strategy involves the delivery of antigens directly to autologous
antigen presenting cells, such as dendritic cells, in vitro and then re-administration to the
patient to potentially illicit immune responses. Cervical cancer patients who reacted to
immunization with dendritic cells pulsed with recombinant HPV 16 or 18 E7 proteins
experienced a slower tumor progression (13-month survival) than unresponsive patients who
died within five months of the beginning of therapy.[41] A Phase 1 study is in progress to
evaluate the safety and efficacy of HPV 16 E7 peptide-pulsed autologous dendritic cells in
cervical cancer patients.[42]

Recombinant protein vaccines have also been developed to include both prophylactic and
therapeutic components. In preclinical studies, a chimeric HPV 16 L1 VLP combined with
full-length HPV 16 L2, E7, and E2 tandem fusion protein (VLP-E7E2) has shown
therapeutic potential, in mice, without diminishing the antibody response against L1 \VVLPs.
[43] A similar construct, L1-E7 fusion VLP, was tested in a Phase 1 trial in 39 CIN 2/3
patients mono-infected with HPV 16. The vaccine induced high antibody titers against HPV
16 L1 and low titers against E7, as well as cellular immune responses against both proteins.
Non-significant trends for histological improvement to CIN 1 or normal and HPV DNA
status were observed.[44]

Clinical studies have also evaluated the use of a HPV 16 fusion protein consisting of L2, E7,
and E6 (L2E7E6) without adjuvant. [45, 46] Vaccination of healthy volunteers induced L2-
specific HPV 16 and 18 neutralizing antibodies. Immunogen-specific cellular responses
were detected in healthy volunteers, specifically against E6 and E7.[45, 46] HPV L2EGE7
fusion protein (TA-CIN) was shown in a Phase 1 study to induce both antibody responses
and oncoprotein-specific T-cell responses.[45] However this approach has produced little
evidence of efficacy in patients with HPV 16 positive anogenital intraepithelial neoplasia.
[47-49]

Plasmid DNA Vaccines

In comparison to conventional vaccines, DNA vaccines offer several potential advantages.
[50] DNA encoding a viral antigen is delivered either naked, on gold beads, via
electroporation, or encapsulated in a biodegradable polymer coat to antigen presenting cells
that express and present the antigen of interest to lymphocytes. Although therapeutic targets,
E6 and E7 are thought to be poor immunogens.[51] Multiple constructs evaluated in
preclinical studies have been designed to increase the immunogenicity of E6 and E7 DNA
vaccines by expressing or cross-priming the oncoproteins with various immunomodulating
and cellular targeting proteins.[51-56] To improve the safety of genetic immunization with
HPV oncoproteins, E6 and E7 vaccines have been designed to retain essential epitopes,
while inactivating oncogenic potential.[50, 57] The use of DNA vaccination to obtain
protective antibody responses against a mixture of different L1 VLPs has also been
investigated and shown to induce neutralizing antibodies in mice and protection in rabbits.
[58] A Phase 1 trial was recently conducted to evaluate the safety, efficacy, and optimal
dose of a DNA vaccine, SiggE7HSP70 (containing a secretion signal sequence), in treating
HPV 16 positive CIN 2+ patients and the analysis is ongoing.[59]
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Viral Vector Vaccines

Viral vector vaccines can be used to challenge the host and induce the endogenous synthesis
of viral and recombinant proteins, promoting strong T-cell responses. Viral vectors can also
be used to display surface antigens that may induce strong antibody responses. The vaccinia
virus vector is frequently used in preclinical vaccine studies as genetic manipulation is
straightforward and vaccination is immunogenic and relatively safe in immunocompetent
individuals. A live recombinant vaccinia virus expressing modified forms of HPV 16 and 18
E6 and E7 was shown to be safe and immunogenic.[60] After a single immunization,
cervical cancer patients developed both HPV-specific T-cell and serologic responses.[60]
Additional studies in women with HPV 16 positive anogenital intraepithelial neoplasia with
this vaccine combined with the HPV 16 L2E7EG6 fusion protein showed hints of efficacy, but
no clear evidence.[47] The development and commercialization of a modified vaccinia virus
Ankara (MVA) expressing modified HPV 16 E6 and E7 and the autocrine T-cell cytokine,
IL-2, has further demonstrated the potential of these therapeutic vaccines. Results of a Phase
2 study reported CIN 2/3 regression in 10 of 21 women vaccinated after six months. Six of
the patients evaluated to date remained negative for CIN 2/3 after 12 months.[61]

Immune responses to E2 may also be important in controlling disease. A Phase 1/2 study
comparing a recombinant vaccinia virus, expressing bovine papillomavirus E2 (MVA E2),
injected into the uterus once weekly for six weeks, against cryosurgery for treatment of CIN
1 to 3, showed complete elimination of 94% of precancerous lesions. The vaccine was well
tolerated, with no apparent side effects in any of the patients.[62] A similar Phase 2 clinical
trial evaluated an E2 recombinant vaccinia virus for treatment of CIN 2/3. Patients were
treated with either an E2 therapeutic vaccine (n = 34) injected directly into the uterus or with
conization (n = 20).[63] All immunized patients developed antibody and T-cell responses, in
addition to a significant reduction in viral DNA load.[63] By colposcopy, 56% of patients
showed no lesions, and lesions were significantly reduced in 15 patients.[63] It should be
noted that E2 is typically lost from the genome during progression to cancer, suggesting that
targeting E2 is not appropriate in cancer patients.[5]

Although no clinical trials evaluating the use of adenovirus vectors have occurred to date, it
is possible that this modality could be used in the near future for cervical cancer treatment,
as gene delivery by recombinant adenovirus is safe and immunogenic.[64] Several
preclinical studies have been conducted to increase the efficacy of immune responses
against E7, including the combined administration in tumor sites of adenovirus expressing
interleukin 12 (to enhance immunogenicity and anti-tumor responses), and adenovirus
expressing E7.[65] Human adenovirus vectors encoding a fusion of E7 to the carboxyl
terminus of hepatitis B virus surface antigen (HBsAg) or calreticulin have induced strong
cellular immunity and resistance to tumors.[65-67] In addition to cellular immunity targets,
adenovirus capable of expressing HPV 16 L1 VLP in culture have also been produced.[68]
These results may eventually lead to a more cost-effective delivery system for prophylactic
VLP vaccines.
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The Future of Cervical Cancer Vaccines

As demonstrated in this review, there are several promising methodologies to generate
prophylactic and therapeutic cervical cancer vaccines (Table 1). However, many studies are
still only in preclinical development, and translation of results from small animals to humans
is far from certain. This may be a result of a lack of understanding of the mechanisms of
immune evasion or suppression employed by HPV and issues related to targeting the
immune response at the tumor site. Understanding of tumor immunology is rapidly
improving, and numerous approaches are being developed to overcome these phenomena.
An effective cervical cancer vaccine should protect against many oncogenic HPV types, the
necessary cause of cervical cancer and precancerous lesions. Additionally, an effective
cervical cancer vaccine should provide a strong and sustained immune response to protect
women throughout their lives.

One unanswered question is how long VLP-induced protection will last. Cervarix®
immunogenicity and clinical efficacy has been measured up to five and a half years.[18] A
conventional antibody decay model reported for women 16 to 23 years of age immunized
with monovalent HPV 16 L1 VLP predicted antibody titers above those of natural infection
for 12 years.[69] However, a model modified to better fit the experimental data estimated
that levels above those associated with reduction in natural infection could be lifelong in as
many as 76% of immunized subjects.[69] However, long-term clinical efficacy of antibody
titers at or below the natural infection threshold is unknown, and antibodies generated
during the course of infection have not been shown to significantly reduce the likelihood re-
infection with the same HPV type.[70] Females immunized at 16 to 23 years of age could
have antibody titers similar to natural infection by 28 to 35 years of age, which may leave
them at risk for infection and potentially require booster immunization. It is also difficult to
predict how this antibody decay model will apply to females immunized at nine years of
age. In 2002-2005, Nordic HPV vaccine trials began for both Gardasil® and Cervarix®.
Following participants through the Nordic healthcare registry system, will be able to show
the impact of vaccination on CIN3+ lesions by 2015-2020.[71]

Current indications for females 9 to 26 years of age are based on cost effectiveness, clinical
efficacy and safety, and maximum public health benefit. Further studies of vaccination of
women currently outside of the indicated age are ongoing (Figure 1). Gardasil®
immunogenicity and efficacy has been evaluated in women 24 to 45 years of age.[72]
Women between the ages of 16 to 23 had a seroconversion rate of 100% for types 16 and 18.
Subjects between 24 to 34 years of age had seroconversion rates of 100% and 98%, for types
16 and 18, respectively, and women between the ages of 35 to 45 had seroconversion rates
of 98% and 96% for types 16 and 18, respectively.[72] Combined reduction of disease
incidence in these subjects caused by persistent infection, CIN, and external genital lesions
due to types 16 and 18 was 83% (95% CI, 51% to 96% [p < 0.001]).[72] Cervarix®
immunogenicity has been evaluated in women up to age 55. Seroconversion rates for all
subjects immunized was 100% after 18 months. The antibody levels of women 46-55 were
slightly reduced, yet comparable, to those of younger women and remained 10 fold higher
than the antibodies of women naturally infected at month 18.[73]
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Clinical studies have not been performed to evaluate the ability of VLP-based vaccines to
protect immunosuppressed individuals from precancerous lesions. Such studies may provide
valuable insight into the immunocorrelates of protection. GlaxoSmithKline is conducting a
Phase 3 study in the US to directly evaluate the immunogenicity of Gardasil® and Cervarix®
in women 18 to 45 years of age.[74] Whether a similar trial will be conducted in an
immunosuppressed population is unclear.

The value of prophylactic vaccination of males with HPV VLPs requires careful
consideration (Figure 1). Mexico and Australia have licensed VVLP-based vaccination for
both sexes, ahead of policy recommendations for males, which will be shaped by ongoing
studies.[75] A model examining disease burden in females has suggested that vaccination of
males is most cost effective when a lower proportion of females are immunized.[76] There
is considerable male burden of HPV disease including genital warts, certain head and neck
cancers, penile cancer and anal cancer.[77] HPV is highly prevalent in men-who-have-sex-
with-men (MSM), and even more so in MSM infected with HIV.[78] HIV+ MSM are more
likely to have high grade anal cytology that is hard to manage, and CD4* T cell counts are
inversely proportional the appearance of abnormal cytology.[79] Vaccination of boys with
VLPs prior to sexual debut is likely important to reduce the incidence of HPV-associated
cancer in men. Analysis of cost-effectiveness, immunogenicity, and efficacy of VLP
vaccines in men should consider these potential benefits.

The future of prophylactic cervical cancer vaccines may include preparations containing L1
VLPs of many HPV genotypes. Simply increasing the number of VLPs in a vaccine
preparation may result in formulation issues. Possibly, the inclusion of L2 mixed with, but
not expressed within, L1 VVLPs could reduce the number of VLP valencies needed to provide
protection against all oncogenic types of HPV. Alternatively, L2 may be used alone, and
Phase 1 trials of such a construct are planned at the University of Alabama at Birmingham.

Although many of the novel vaccines described in this review are reported to be
immunogenic in humans, it may be necessary to continue developing novel adjuvants to
establish clinical efficacy. In this regard, chimeric VLPs containing early viral proteins show
significant promise. Inexpensive VLP and cellular therapeutic vaccines are also of great
importance, as approximately 85% of cervical cancer deaths worldwide occur in developing
countries.[80] Multiple bacterial and plant systems have been investigated and have
produced immunogenic VLPs and E6 and E7 proteins, as well as mucosal immunity, which
may facilitate local manufacture of low cost and efficacious cervical cancer vaccines.[81—
86]
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Table 1

Novel prophylactic and therapeutic vaccine strategies for cervical cancer.

Strategy

Response

Advantage(s)
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Disadvantage(s)

Peptide

Recombinant protein

Dendritic cell delivery of
novel vaccines

DNA

Recombinant vaccinia virus

Recombinant adenovirus

Prophylactic (L2) and
therapeutic

Prophylactic and therapeutic

Therapeutic

Prophylactic and therapeutic

Therapeutic

Prophylactic and therapeutic

Safe; easily synthesized and
purified

Can induce strong antibodies

against L1 or L2 and weak cellular

immune responses

Direct targeting of vaccine to

professional antigen presenting

cells

Inexpensive; easy storage

Induces strong and protective
cellular immune responses

Induces strong and protective
cellular immune responses

Only contains selected epitopes,
therefore can be less effective for a
diverse population; small size may
reduce immunogenicity

Cost, storage, and purification

Each immunization is labor
intensive and can only be performed
in a limited number of facilities

Has had limited immunogenicity in
humans and has the potential to
transform cells

Could cause disease in
immunocompromised individuals

Previously existing natural immunity
can limit efficacy
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