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Executive Summary

Biotechnology firms, pharmaceutical companies, and academic researchers are
working to devel op vaccines against the types of human papillomavirus (HPV) that
cause mogt, if not all, cases of cervical cancer. Some are designing prophylactic
vaccinesto prevent initial infections with HPV; if successful, these vaccines
ultimately could eliminate the public health problem of cervical cancer. Othersare
focusing on therapeutic vaccines to control the progress of established disease or
prevent its recurrence in women who already have cervical dysplasia or cancer.
Vaccine developers face many technical challenges, in part because the HPV virus
itself has evolved various strategies for evading the immune response.

A sdfe, effective, and affordable vaccine to prevent cervical cancer must meet
several programmatic challenges. First, it must be multivalent; that is, it must be
effective against several of the most common types of HPV associated with cervical
cancer. Second, the vaccine must offer long-lasting protection against HPV infection,
preferably without booster shots. Third, avaccine suitable for developing countries
must minimize financial and logistical demands on health care systems. Theideal
vaccine would have low production costs, along shelf life, and no need for a cold
chain; it also would require only asingle dose and would be administered orally or via
anasal spray rather than by injection.

A prophylactic HPV vaccine also would need to be administered before children
become sexually active. Reaching them in early adolescence may be difficult since
adolescents often are not in regular contact with the health care system, nor are they
all in school. Reaching individuals during infancy demands avaccine safe for infants
and young children, and one that remains effective, preferably without boosters, for
more than 30 years. Because HPV is sexually transmitted, a vaccine to prevent
cervical cancer likely will be more effectiveif it is administered to boys aswell as
girls. Even after auniversal HPV immunization program isin place, screening for
precancerous | esions probably could not be eliminated compl etely, as some women
will continue to be at risk for cervical cancer.

Onetype of prophylactic vaccine, based on virus-like particlesor VLPs, isamost
ready to enter Phase 111 clinical trials, which means that a vaccine against asingle or
afew types of HPV could be available in as soon as five years. However, ten years
will likely be needed to formulate a safe and effective multivalent vaccine suitable for
universal immunization. Furthermore, vaccines based oninjection of purified VLPs
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arerelatively costly to produce and therefore may not be the ideal vaccine for
developing countries, where the mgjority of cervical cancer deaths occur.
Recombinant live vector, DNA, and edible vaccines, none of which have entered
clinical trials, may better meet the programmatic challenges outlined above. Asfor
therapeutic vaccines, many peptide vaccines and one recombinant live vector vaccine
have been studied in Phase I/11 trials, but the cancer patients have been too ill to judge
the vaccines' true impact. Trials targeting women with high-grade precancerous
lesionslikely will be undertaken in the near future.

In summary, HPV vaccine development holds great promise for reducing the impact
of cervical cancer on the world's women. Given the current state of technology,
however, many experts believe that it could be between 10 and 20 years before an
effective, affordable, and acceptable vaccine will be available for widespread use in
cervical cancer prevention programs.
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. Introduction

The discovery that human papillomavirus (HPV) causes the vast majority of cervica
cancers opens exciting new possibilitiesfor controlling this disease, which isthe
second most common cancer among women worldwide. Vaccines that protect against
HPV infection, if administered prior toinitiation of sexual activity, theoretically would
prevent women from developing cervical cancer later in life. Compared with the
current strategy of regularly screening women for precancerous lesions and treating
them as necessary, immunization should offer acheaper, logistically simpler, and more
effective intervention that places fewer demands on the health care system as well as
on women. HPV immunization offers along-term solution to cervical cancer,
especially in devel oping countries, whereit isespecially difficult to effectively
implement screening and treatment programs that reduce cervical cancer deaths.

Researchers at pharmaceutical companies, biotechnology firms, and academic
research centers around the world are actively developing candidates for both
prophylactic and therapeutic HPV vaccines.*? They are taking advantage of recent
advances in genetic engineering and new approaches to vaccine development to
devise awide array of candidate vaccines, some of which have entered early clinical
trials. In the process, researchers are contributing to a growing understanding of HPV
itself and itsinteractions with the human immune system. Given the strong scientific
foundations already laid in HPV vaccine research, it appears likely that a safe and
effective vaccine against cervical cancer ultimately will become available.

To be effective, avaccine will need to strengthen the body’s immune response to
HPV infections at the genital mucosal surfaces, aresponse which isless understood
than many other aspects of the immune system.34A prophylactic vaccine would work
primarily by stimulating antibody-mediated immunity, thereforeinducing neutralizing
antibodies capable of recognizing and inactivating HPV before the virusinfects host
cells. This strategy requires sustained, high levels of antibodies at mucosal surfaces
over long periods of time. Some scientists believe that sustaining those levelswill be
difficult, and they recommend that prophylactic vaccines aso stimulate acell-
mediated (or cellular) immune response capable of eliminating early stages of
infectionin host cells*®

Prophylactic vaccines cannot make an immediate impact on the prevalence of
cervical cancer, which usually takes 20 years or longer to devel op after initial infection
with HPV.® In contrast, a therapeutic vaccine theoretically could help women who are
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aready infected with HPV. Therefore, medical researchers also are investigating
therapeutic vaccines for use as an adjunct to standard therapies. Such a vaccine could
(2) help prevent low-grade disease from progressing, (2) cause existing lesionsto
regress, (3) control the spread of metastatic cancer, and/or (4) prevent recurrence of
cervical cancer after treatment.® Therapeutic HPV vaccines must prompt cell-
mediated immunity in order to be effective, since antibodies cannot reach and
eliminate the virus once it has been incorporated into host cells.5” Combined with the
fact than no therapeutic vaccines currently exist for other diseases, this makes
therapeutic HPV vaccine development a challenging task.

While most candidate HPV vaccines are designed to prevent or alleviate cervical
cancer, some focus on genital warts, which generally are caused by different types of
sexually transmitted HPV. Genital warts provide a useful model to test the principles
of cervical cancer vaccines because the impact of a vaccine on the incidence,
regression, and recurrence of warts can be assessed quickly (and because warts are
not alife-threatening illness).>® In addition, genital warts are a public health concernin
their ownright.
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Il. Challenges in HPV Vaccine Development

Dearth of animal
models for human

papillomavirus

Poor

understanding of
immune response

to HPV

Limited

knowledge of the
mucosal immune

response

The promise of HPV vaccines does not come without challenges. Some of these
reflect characteristics of the virusitself and its interaction with cervical cancer.
Othersreflect the challenges of stimulating an effective immune response to a
mucosal infection.

Because HPV does not cause disease in animals, it is difficult to conduct the animal
research needed for vaccine development. Some researchers instead study naturally
occurring mammalian papillomaviruses, including cottontail rabbit papillomavirus,
canineoral papillomavirus, and bovine papillomavirus.* Other researchers study
mouse model sthat graft human material sinto immunologically suppressed mice or
incorporate specific HPV genes or proteinsinto model systems.® None of these
animal models completely mimic the interaction between HPV and human host cells,
soitisunclear how well the results of animal studies apply to clinical infectionsin
humans.>®

Scientists do not know precisely which elements of the human immune system are
important in preventing or resolving HPV infections. Although thereis evidence that
immune response does play arolein controlling HPV infections, it is not known why
HPV infections persist in some individuals and regress naturally in others.*® Vaccine
developers are testing a broad range of hypotheses about what makes for an effective
immune response to HPV, including testing the rel ative advantages of stimulating
antibody- and/or cell-mediated immunity.

HPV enters the body through the mucosal membranes and does not spread
systemically. Therefore, avaccine against HPV will be most effectiveif it induces a
strong immune response at the mucosal surface (mucosal immunity),2°athough some
researchers argue that a systemic immune response might be sufficient.* The
mucosal immune response also must remain effective throughout the menstrual cycle,
which may pose a challenge since evidence suggests that hormone levels affect
immunologic activity.*

The mucosal immune response is less understood than the systemic immune system.X°
However, there is evidence that exposure to an antigen at one mucosal surface site
(for example, the nose or gastrointestinal tract) can elicit an immune response at a
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Need for a
multivalent
vaccine

Determining
efficacy

distant site, such asthe vagina or cervix. Therefore, researchers are investigating
whether intranasal or oral immunization would be more effective than injections at
causing the vaginal and cervical secretion of HPV antibodies. While simpler and
cheaper than injections, current mucosal vaccines do not induce along-lasting immune
response. Also, the amount of antigen absorbed from current mucosal vaccinesis low
and varieswidely among individuals.*°

Approximately 90 types of HPV that infect the genital tract have been identified.*
Two types (HPV-6 and HPV-11) account for 90 percent of genital wart cases, while
as many as 15 to 20 types may be associated with cervical cancer. Four types of
HPV (16, 18, 31, and 45) accounted for 80 percent of all cervical cancer casesin a
study of more than athousand patients with invasive cervical cancer in 22 countries.'?
However, the distribution of HPV typesvaried substantially by region. For example,
the prevalence of the most common type, HPV-16, ranged from 32 percent to 78
percent of cervical cancer cases in various countries, while HPV-18, the second most
common type, ranged from 0 to 49 percent. Some types of high-risk HPV are
significant only in certain regions; for example, clusters of HPV-39 and HPV-59 have
been found in Central and South America.

Because HPV types differ significantly at the genetic and protein level, antibodies
raised against one kind of HPV generally do not protect against other types.®
Preventing amajority of cervical cancer casestherefore will require a multivalent
vaccine, that is, acombination vaccine effective against the common carcinogenic
types of HPV (including types 16, 18, 31, and 45).> Some researchers a so have
proposed including HPV-6 and HPV-11 in amultivalent cervical cancer vaccine,
because the protection thiswould offer against genital warts would give men an
incentive to take the vaccine.! More epidemiological research is needed to further
clarify the types of HPV that are most prevalent in various regions and countries.™®

Clinical trials to assess the efficacy of “cervical cancer” vaccines are complicated by
the dlow and uncertain development of the disease and the multiple types of HPV.# It
can take decades to develop cervical cancer after HPV infection, and the majority of
women infected clear the virus naturally and do not develop cervical cancer. Thus,
trials measuring the efficacy of a candidate vaccine based on itsimpact on the
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incidence of cervical cancer would take decades and would have to enroll extremely
large numbers of women. Such trials also would raise a serious ethical issue:
researchers cannot let women who develop abnormal Pap smears over the course of
a study go untreated and possibly develop cervical cancer.™

Therefore, researchers have considered using an earlier stage of disease, such as
high-grade squamousintraepithelial lesions (HSIL) or cervical intragpithelial neoplasia
(CIN) 11/111, as the endpoint of clinical trials. Some even suggest using low-grade
squamous intraepithelial lesions (LSIL) or CIN | as endpoints. The earlier the stage of
disease chosen as an endpoint, the larger the proportion of women infected with HPV
who meet the diagnostic criteriawill be. At the sametime, the earlier the stage of
disease chosen as an endpoint, the less it will reflect the vaccine's true efficacy
against cervical cancer. The problems are twofold:

e Precancerous cervical lesions are associated with a much wider range of HPV
types than cancer; therefore, a vaccine tailored to prevent high-risk HPV cancer
may not have a great effect on the overall incidence of CIN 11/111.7 This problem
could be overcome by typing the HPV infections of study participants.

* Fewer than one percent of women who are infected with HPV-16 (the type most
commonly associated with cervical cancer) and who have early stage lesions go
on to develop cervical cancer,® and the cofactors linked to this progression are not
yet clear. Reductionsin early-stage disease, even in lesions associated with high-
risk types of HPV, may not eliminate all cases that progress to cancer.

Of course, preventing infection with targeted HPV types a so should be an endpoint
of a prophylactic vaccine trial. New HPV-DNA test options will facilitate the

assessment of thisendpoint in large-scaletrials.** I deally, detection methods should be
ableto distinguish an immunological responseto anatural infection from aresponseto
the vaccine.
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IIl. Vaccine Types and Targets

Types of HPV
vaccines

Since few types of HPV can be propagated in tissue culture, it is not possible to
develop inactivated or attenuated live virus vaccines as with some other viral dis-
eases.”!! Therefore, HPV vaccines currently under development are part of a new
generation of vaccinesthat employ genetic engineering. The ability to manipul ate and
transfer genes from one organism to another is critical for HPV vaccines, given that
thevirusitself cannot be routinely grown in culture. Recombinant genetic engineering
also alowsthe production of subunit vaccinesthat include only aportion of adisease-
causing organism; since they do not contain the cancer-inducing viral genes, these
may be safer and create fewer side effects than vaccines made of whole organ-
isms.1®

Researchers are investigating the following five approaches to producing HPV
antigens and delivering them to vaccine recipients:

» Recombinant live vector vaccines. A harmless host virus or bacteria is geneti-
cally engineered to produce an HPV antigen. The immune system responds both
to the host organism and the HPV antigen.

* Protein and peptide vaccines. An organism, such as yeast, is genetically
engineered to produce an HPV protein or peptide. (Small peptides also are
synthesized chemically.) After thisantigenispurified, it iscombined with an
adjuvant that hel pstrigger the immune system.

* Viruslike particles (VLPs): Cultured cells are genetically engineered to produce
HPV capsid proteins (see below) which self-assemble into empty shells
resembling virusparticles.

» “Naked” DNA vaccines. HPV genetic material is inserted into bacterial
plasmids. When these circular DNA structures are used in a vaccine, the DNA is
expressed in human cells that then produce an HPV antigen.

» Edible vaccines: Plants are genetically engineered to express HPV antigensin
fruitsand vegetabl es. Eating the foods |eads to immunization in the gastrointestinal
tract.

Each of these approaches is explored in greater detail in Chapters 1V through V11I.
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HPV antigens
targeted by
vaccines

Tables 1 and 2 describe a number of ongoing efforts to develop HPV vaccines using
these technologies. Specific efforts aimed at each approach are described in the
following sections.

Regardless of the approach they take, researchers must first choose which HPV
antigensto include in their candidate vaccines. Three categories of HPV proteins are
potential targets for vaccines; each is expressed during different stages of infection
and disease.

The capsid proteins L1 and L2 make up the outside coat or shell of HPV particles.
They interact with the surface molecules of human epithelial cells during early stages
of infection to gain entry for the viral DNA. Because they are present during the
initial infection, they areideal targetsfor aprophylactic vaccine. While neutralizing
antibodies to both capsid proteins have been found, there isthirty timesas much L1 as
L2 onthe shell of HPV particles, and the predominant immune response is to epitopes
on L1.** Therefore, most candidate vaccines have targeted L1 rather than L2. Once
HPV isintegrated into tumor cells, however, the capsid proteins are not always
present. Thismeans L1 and L2 are not reliable targets for a therapeutic vaccine.

The oncoproteins E6 and E7 continue to be expressed during later stages of disease.
They bind p53 and pRB, which are human tumor suppressor genes.* The oncoproteins
are involved in the malignant transformation of HPV-infected cells and are thought to
be required for continued tumor growth.™ They are the primary targets of therapeutic
vaccines, most of which have been designed to treat later stages of disease.

The replication proteins E1 and E2 are necessary for HPV to replicate within cells
before the virus is integrated into the host DNA.*15 Because E1 and E2 are
expressed in higher levelsthan E6 and E7 early in the progress of an HPV infection,
several researchers have suggested that they may be the best targets for a
therapeutic vaccine designed to treat early stages of disease, such as low-grade
dysplasias.®®
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V. Recombinant Live Vector VVaccines

Recombinant live vector
vaccines at a glance...

Therapeutic vaccines in Phase Il
clinical trials

Prophylactic vaccines under
investigation

Induce strong antibody- and cell-
mediated immunity

Single inoculation can produce
long-term protection

Unsafe forimmunocompromised
individuals

Cannot use the same vector
more than once in a given
individual

Using live but weakened (or attenuated) disease-causing organisms as
vaccinesisatraditional approach to vaccine production with significant
advantages. Whole organismsinduce a strong immune response,
including both antibody- and cell-mediated immunity, and generally
require fewer injections.® Since HPV cannot be raised in culture,
researchers have added HPV genes to other bacteria and viruses to
create recombinant live vector vaccines. These host vectors express an
HPV antigen along with their own antigens, which stimulates an
immune response against both the vector and HPV.

Recombinant live vector vaccines combine the advantages of subunit
and live, attenuated vaccines.’® Because they express only selected
HPV genes, they would be relatively safe. Like other live, attenuated
vaccines, they could produce long-term protection with asingle
inoculation, and they could stimulate strong cell-mediated immunity as
well asantibody-mediated immunity.

Recombinant live vector vaccines have some significant disadvantages,
however.l° Live vectors, even attenuated ones, are not safe for use in
immunocompromised individuals (particularly vector vaccinesusing

viruses). This poses aspecial problem in developing countries, where it may not be
feasible to determine anindividual’sHIV status before immunization, and where other
factors such as malnutrition may depress the immune system. Also, the body’s
immune response to the vector preventsit from being used more than once;
neutralizing antibodies devel oped after thefirst vaccination respond immediately to
any subseguent inoculation. Many of the vectors under study are already used for
other vaccines, which means there may be awidespread, pre-existing immunity
against the vector in the genera population. Another problem isthat the vector usually
expresses low levels of foreign (HPV) antigens, so that the immune response to the
vector may overshadow the immune response to HPV.

Either avirus or a bacterium can be used as the vector in a recombinant live vector
vaccine so long asit is harmless. The key is selecting a vector that is capable of
infecting humans without causing clinical illness.®* Some researchers are working
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Current research

with attenuated vectors already in use as vaccines, such as vaccinia and Bacille
Calmette-Guérin (BCG), because these already are accepted by licensing authorities
and companies have experience producing them. Other HPV researchers are
studying vectorsthat naturally colonize mucosal tissues and/or can be administered
orally, such as adenovirus or Salmonella, in hopesthat they may prompt astrong
response from the mucosal immune system.°

Cantab Pharmaceuticals plc (Cambridge, United Kingdom) is the farthest advanced in
devel oping arecombinant live vector vaccine for HPV. They have conducted four
clinical trials on atherapeutic vaccine called TA-HPV, which is a recombinant
vaccinia virus that expresses E6 and E7 from HPV-16 and HPV-18.2 TA-HPV is
designed for use as an adjunct therapy for cervical cancer; its objectiveisto eliminate
residual tumor cells that can lead to the recurrence of disease after conventional
therapy.l’ Phase | trials on a small nhumber of women with advanced cervical cancer
found the vaccine had few side effects, and some women produced cytotoxic T-cells
aswell asHPV antibodies.’® A Phase |1 trial in Europe administered two doses of
TA-HPV (before and after surgery) to 29 women with early-stage cervical cancer.
Thistrial exceeded theimmunological endpoint; that is, there was an HPV -specific
immune response in 10 percent or more patients.t” An additional Phase |l trial to
demonstrate a clinical endpoint was scheduled to begin in 1999, after which Cantab
plans to move on to Phase |11 efficacy trials.

Transgene S.A. (France) is devel oping therapeutic recombinant vaccinia vaccines for
avariety of cancers, including cervical cancer. To increase the safety of its vaccines,
the company has developed a highly attenuated strain of Modified Vaccinia Ankara
(MVA), which cannot grow in mammalian cells, although it stimulates a strong
immune response.’® Transgene's vaccines express the interleukin-2 (IL2) gene as
well astumor antigensin order to prompt stronger cell-mediated immunity; IL2
controlsthe growth and function of many kinds of cells, including cytotoxic T-cells. In
thefall of 1999, the vaccine entered Phase | clinical trialsin the United States and
Switzerland with patients with CIN 111.2°

The European Commission is supporting the devel opment of recombinant vaccinia
vaccines for HPV in China? Dr. L. Ruan at the Institute of Virology, Chinese
Academy of Preventive Medicine (Beijing), is developing an HPV-16 L1/E7
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recombinant vacciniavirusand istesting its ability to induce strong mucosal
immunity.?? Dr. Y. Zhang at the Chinese Academy of Medical Sciences (Beijing) has
developed an HPV-58 E7 recombinant vacciniavirus that has prevented tumor
growth in mice.2 The effort to develop avaccine for HPV-58 is unique to China,
since thistype of HPV isless common elsewhere.

Wyeth-Lederle Vaccines & Pediatrics (Madison, NJ, USA) is actively working on
recombinant live vector vaccinesfor several viruses, including HPV, that use a
proprietary vector system licensed from AlphaVax, Inc. (Durham, NC, USA). None
of these vaccines has entered clinical trials. The AlphaVax system is based on work
conducted by researchers at the University of North Carolina/Chapel Hill and the
U.S. Army Medical Research Ingtitute of Infectious Diseases (USAMRIID).
These researchers derived a vector from an attenuated form of Venezuelan equine
encephalitis (VEE). According to Alphavax, VEE overcomes many of the
limitationsfound in other vectors. It expresses high levels of antigens; naturally
targets them to the antigen processing cells of the immune system; induces strong
antibody-mediated, cell-mediated, and mucosal immune responses; continuesto be
effective when used for multiple inoculations; and has a high margin of safety.
VEE could be used to deliver either therapeutic or prophylactic vaccines.

A joint program of the Cancer Association of South Africa (CANSA) and the
University of Cape Town (South Africa) isinvestigating a genetically engineered
BCG bacterium that will express HPV proteins,® as are researchers at the
University of Queensland in Australia?® BCG holds several advantages for
developing countries. Because BCG is aready used for tuberculosis vaccines, the
technology to produce such avaccine is availablein South Africaand elsewhere,
and isrelatively inexpensive. The vaccine also has proven to be stable in animal
testing of guinea pigs and mice vaccinated with recombinant BCG expressing HPV -
16 L1 and L7 proteins have demonstrated both an antibody- and cell-mediated
immune response.?”? Researchers at the University of Cape Town also are
investigating edible vaccines for HPV (see below) and plan to move the more
promising of these two approachesinto clinical trials within three years. Researchers
at the University of Queensand have compared recombinant BCG vaccines with
protein vaccines (see below) and concluded that the BCG approach isless promising
because it induces relatively weak immune responses.?® Researchers at the Wistar
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Institute (Philadelphia, PA, USA) in Dr. Hildegund Ertl’slaboratory are devel oping
vaccines against a variety of diseases that attack the mucous membranes, including
HPV.2® Their goal isto design vaccines that produce strong mucosal immunity, and
thus provide better protection than many systemic vaccines. Preclinical studies of
prophylactic vaccines have found that intranasal immunization with arecombinant
adenovirus expressing HPV-16 L 1 induces both serum and vaginal antibodies.
Wistar researchers also are investigating the use of recombinant adenoviruses and
vacciniafor atherapeutic HPV-16 E6/E7 vaccine.

Researchers at the Johns Hopkins School of Medicine (Baltimore, MD, USA),
including Dr. T.C. Wu and Dr. Drew Pardoll, have developed a molecular targeting
system to increase the effectiveness of recombinant live vector vaccines for HPV. A
molecular tag (lysosomal associated membrane protein [LAMP]) is added to HPV-16
E7, which transports the HPV antigen to the lysosomes where antigen-presenting
cells present it to CD4 T-cells. By activating helper T-cells as well as cytotoxic T-
cells, researchers hope to increase the therapeutic potency of this class of vaccines.
Tests in amouse model have found that vaccinia viruses expressing HPV-16 E6/E7
with the LAMP signal are able to abolish existing tumors and prevent new tumors
from taking hold, while vaccines lacking LAMP do not.**3 The vaccine is scheduled
for Phase | trialsin early 2000 in women positive for HPV-16 who have CIN [11.%2 In
the meantime, the Hopkins researchers are devel oping a second targeting system for
HPV vaccines.

Researchers at both Wistar and Johns Hopkins also are investigating the use of
recombinant live vector virusesin combination with naked DNA vaccines (see page
18). Thiswould overcome the problem of ineffective booster vaccination with live
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V. Protein and Peptide Vaccines

Protein and peptide

vaccines at a glance.

vectors.

Subunit protein and peptide vaccinesrely on genetic engineering
techniques to produce antigenic fragments that can evoke an immune
response more safely and with fewer side effects than a whole

* Therapeutic vaccines in Phase I/ organism. Selected HPV genes are inserted into yeast or another

Il clinical trials

+ Do not prompt strong immune
response, require adjuvant

organism, which produces large quantities of the chosen protein or
peptide (short peptides also can be made synthetically). Once the
peptides are purified, however, they lack the microbial components that
trigger the human immune system and therefore prompt weaker

 Multiple immunizations needed immune responses than whole pathogens.’® To overcome this problem,

« Extremely safe

* Inexpensive to produce

Current research

the peptides are combined with an adjuvant, that is, a substance that
stimulatesthe immune system by producing local inflammation.
Because the properties of the adjuvant are critical to the effectiveness
of peptide vaccines, researchers are searching for new adjuvants that
are more potent than alum (the only one approved for human use to
date), that dlicit cell-mediated and antibody-mediated immunity, promote mucosal
responses, and induce sustai ned immune memory with asingleimmunization.®°

Peptide vaccines are safe, easy to make at low cost, and involve minimal regulatory
issues. However, it can be difficult to isol ate the specific epitopes that elicit the
desired immune response, and the peptides themsel ves may be misshapen and unable
to elicit a potent immune response.**> Other disadvantages are that peptide vaccines
do not generate a strong cytotoxic T-cell response, they may induce tolerance rather
than protection, and multipleimmunizations may be needed to produce long-lasting
protective immunity.X® Also, small peptides may be unstablein vivo and may not elicit
the same immune response from different individuals.°

In addition to its work on arecombinant vaccinia HPV vaccine, Cantab
Pharmaceuticalsis developing two fusion protein vaccines for HPV.2 Trials of a
therapeutic vaccine for genital warts (formerly known as TA-GW and now called
TH-GW or pharmaccine) have proceeded through Phase |1 testing. TH-GW isa
fusion of two HPV-6 proteins (L2 and E7) and is given by intramuscular injectionin
multiple doses. Phase | and Il trialsfirst began in 1995 with alum as the adjuvant. The
manufacturer reports that these trials found the vaccine was safe and immunogenic,
cleared existing genital warts, and reduced recurrence rates.’” In 1996 the production
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process was transferred to SmithKline Beecham Biologicals (London, England),
which reformulated the vaccine with a new, proprietary adjuvant (SBAS2) that
heightens cell-mediated immune responses. Phase | and Il trialsin 1997 and 1998
assessed the safety, immunogenicity, optimal dose, and dosing regimen of this new
formulation.®® Randomized, double-blind, placebo-controlled Phasel b trialsare
currently taking placein multiple sitesin Europe, Canada, Scandinavia, Australia, and
New Zealand.* These will assess wart recurrence rates and rates of disease
regression following vaccination.

Building on the success of its peptide vaccine against genital warts, Cantab has begun
developing asimilar fusion protein vaccineto treat cervical dysplasia. By treating
early-stage cervical disease, scientists hope to reduce treatment costs and patient
trauma. This vaccine called TA-CIN uses anovel adjuvant (NAX-57) developed by
NovaVax Inc. (Columbia, MD, USA). Preclinical testing has demonstrated a T-cell
response in model systems and examined dosing. Phase | trials were scheduled to
beginin 1999.%

Multiple academic ingtitutions around the world, including the National Cancer
Institute (Bethesda, MD, USA), the Norris Cancer Center at the University of
Southern California, the University of Leiden (Netherlands), and the University of
Queensland (Woolloongabba, Australia) are sponsoring Phase | and 11 trials of various
therapeutic peptide vaccines for HPV-16 and HPV-18.%5% These vaccines target E6
and/or E7, are administered as an adjunct to conventional therapy such as radiation,
and generally require multipleinocul ations. Although some patients have demonstrated
an immune response to the vaccines, initial results have been limited, possibly because
the vaccines have initially been tested on patients with advanced cancer, many of
whom areimmunocompromised. Astrials proceed, they will enroll patientswith less
advanced disease, including high-grade dysplasia, and healthy immune systemsthat
are more able to respond to vaccination.®

StressGen Biotechnol ogies (British Columbia) isusing stress proteinsto develop a
variety of immunotherapy products, including atherapeutic vaccineto treat cervical
dysplasia. Thisvaccine, HspE7, isafusion of aBCG heat-shock protein and HPV
E7.3 Like other stress proteins, the heat-shock protein heightens the immune
response by directing antigensto professional antigen-presenting cellsand by
activating cytotoxic T-cells. In animal models, HspE7 protects against challenge with
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cervical cancer cells, regresses existing tumors, and provides long-term survival
benefit.®® A Phase Il study in women with high-grade cervical dysplasia began
recently, with patients receiving three doses of the vaccine at two-week intervals.*”
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VI. Virus-Like Particles (VLPs)

VLP vaccines at a glance...

Prophylactic monovalent
vaccines nearing Phase IlI
clinical trials

Chimeric VLPs potentially
therapeutic as well as
prophylactic

Induce strong antibody- and cell-
mediated immunity

May need special delivery
system to prompt mucosal
immune response

Costly to produce

A magjor breakthrough in HPV vaccine research came with the discov-
ery that the capsid proteins L1 and L2 (or L1 alone) self-assemble into
virus-like particles (VLPs) when expressed in cells. VLPs closely
resemble native HPV particles and include the conformational epitopes
that inducevirus-neutralizing antibodies. Therefore, theimmune system
perceives VLPs as infectious viruses and responds accordingly.”®
Because VLPs are empty and do not include viral DNA, they are not
infectious. VLPs have been produced for at least ten HPV types so far
(6,11, 16, 18, 31, 33, 35, 39, 45, and 58), proving the applicability of this
approach for a multivalent vaccine.*®

VL Ps, which by definition target the capsid proteins, are ideal for
prophylactic vaccines because they induce high levels of neutralizing
antibodies.** Immunization with L1 VLPsin rabbits, dogs, and cows has
offered 90 to 100 percent protection against experimental high-dose
challenge with species-specific mammalian papillomaviruses.®* It isnot
yet clear, however, whether systemic immunization with VLPs can
protect against natural mucosal HPV infections. Some researchers are
examining alternative delivery systemsfor VLPs, such asintranasal or

oral immunization, that might be more effective than injections at inducing mucosal
immunity.“>42 Other studies indicate that VL Psinduce a cervical immune response
when they are expressed in live vectors such as vaccinia or Salmonella.8°

In one model, researchers have created chimeric VLPs that can induce cytotoxic T-
cellsin mice aswell as neutralizing antibodies by fusing E6 and E7 to the capsid
proteinsin VLPs.15 Some scientists believe that chimeric VLPs hold the potential of
asinglevaccinethat could be used both prophylactically and therapeutically.* Others
argue that a therapeutic effect might be more important as a second line of prevention
in aprophylactic vaccine, enabling the body to eliminate early infectionsthat
antibodiesmiss.

Recent studies have demonstrated that VL Ps can be prepared and purified in the
large quantities needed for avaccine,” although there is some question of whether
they will betoo expensive and logistically demanding for usein developing
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countries.’™>® For example, VLP vaccines require constant refrigeration and multiple
injections to be effective. While VLPs do not require an adjuvant, researchers are
examining whether an adjuvant could boost their effectiveness.

Medimmune, Inc. (Gaithersburg, MD, USA) has devel oped a series of prophylactic
VLP vaccines for HPV based on preclinical research with beagles at Georgetown
University.2* The furthest advanced of their vaccines is MEDI-501, an HPV-11
VLPfor genital wartsthat is produced in recombinant baculovirus-infected insect
cells. Phase | clinical trials of athree-dose regimen of MEDI-501 with an dlum
adjuvant found the vaccine was safe and elevated levels of HPV antibodies.* Phase
Il trials are now underway. Medlmmune also has launched Phase | trials of two VLP
vaccines. MEDI-503 for HPV-16 and MEDI-504 for HPV-18.% The company plans
to combine these two vaccines into a multivalent formulation for Phase Il and 111
clinical trials. Medlmmune has an agreement with SmithKline Beecham to
commerciaize and market al of these HPV vaccines.

Since 1994, Merck Research Laboratories has been working with CSL Limited
(Parkville, Victoria, Australia) to develop prophylactic VL P vaccines, beginning with
preclinical research on rabbits.* Their ultimate goal isto produce a quadrivalent
vaccine for genital warts and cervical cancer that includes HPV-6, 11, 16, and 18.12
Phase Il trials of athree-dose regimen of HPV-16 VLPsin young, healthy women
who do not have HPV are underway at multiple sitesin the United States, Australia,
and the United Kingdom.*“8 A |arge multi-center, U.S.-based Phase |11 study islikely
to begin soon.*

The National Cancer Institute (NCI) and the National Institute of Allergy and
Infectious Diseases (NIAID) (Bethesda, MD) have sponsored Phase | clinical trials
of HPV-16 VLPs, which were developed based on work with rabbit and cattle
models.® The VLPs are produced in recombinant baculovirus-infected insect cells.
Theseinitial clinical trialsfound that the VL Psproduced high titers of neutralizing
antibodies with only minor side effects. Phase |1 trials of the vaccine are now
underway at Johns Hopkins, and early results are promising.> NCI hopes to begin a
bridging study in CostaRicain the final months of 2000 that will lead to alarge-scale,
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seven-year efficacy trial of the HPV-16 vaccine against a placebo. Thiswill be a
proof-of-principletrial rather than aPhase 11 trial, since NCI has no intention to
commercialy license the vaccine and is not devel oping the multivalent vaccine needed
for widespread distribution.®!

NCI collaborators at Universitaire Vandois, Lausanne, Switzerland also are
investigating whether intranasal ingtillation of VL Pswould increase mucosal antibody
responses compared with injections. Intranasal immunization with VLPsin mice have
elicited IgA and IgG antibodiesin the genital tract of female mice* throughout the
estrus cycle.*

Preclinical work on chimeric VLPs (CVLPs) that incorporate an HPV-16 E7 peptide
asan L1 fusion protein has been conducted at MediGene AG (Germany), NCI, and
the University of Queensland (Australia).**52 These vaccinesinclude L1 or L2 and
E7, and should have both prophylactic and therapeutic effects. Initial resultsfrom
mouse models have found that these chimeric VLPs have good immunogenicity,
whether administered intramuscularly or intranasally.”An NCI vaccineincorporating
HPV-16 E7 into VLPsasan L2 fusion protein also induced cytotoxic T-cellsin mice,
protected them from tumor challenge, and led to the regression of existing tumors.®
M edi Gene has completed animal experiments providing proof of concept for a
vaccine against HPV-16.5A PhaseI/11 clinical tria (jointly induced by MediGene AG
and Schering AG) involving healthy volunteersaswell as patientswith dysplasiais
scheduled for 2000. The trial will test how well the vaccine istolerated and whether it
produces an immune response to HPV-16.%2
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VIl. “Naked” DNA Vaccines

DNA vaccines at a glance...

Prophylactic vaccines under
investigation

Would induce long-lasting cell-
mediated and antibody-mediated
immunity

May not raise strong mucosal
immune response

Potential safety problems
include genetic mutations and
auto-immune phenomena

Simplifies production of
multivalent vaccines

Easy to store and distribute
because of long shelf life and
stability at wide range of
temperatures

“Naked” DNA is among the newest approaches to vaccine
development. Using recombinant DNA technology, HPV genes are
added to small, circular DNA structures found in bacteria called
plasmids. After the plasmids are mass produced in bacteria, they are
purified and then injected into vaccine reci pients—either in saline
solutions or by propelling DNA-coated gold beadsinto cellswith a
“gene gun.” In humans, cells would take up the plasmid DNA and
then produce the selected HPV antigen.

Animal tests of DNA vaccines against various pathogens, including
HPV, have found that they are potent vaccines with multiple advantages
over other kinds of vaccines. They induce cell-mediated aswell as
antibody-mediated immunity, they raise antibodies against nativeforms
of proteins, and they can inducelong-lasting immunity since host cells
may continue producing antigens for years.® They also simplify the
production of multivalent vaccines since purification and
characterization of only asingle chemical entity, DNA, isneeded. DNA
vaccines also make it possible to define theimmune response, producing
exactly the types of T-cells desired, for example.*>

DNA vaccines also have the potential to be less expensive than
conventional vaccines, and easier to produce, distribute, and
administer.*>* The development and production of DNA vaccines use

generic production and validation techniques, no matter what the pathogen. Adjuvants
are not needed. DNA vaccines are stable at both high and low temperatures,
eliminating the need for a cold chain, which can account for 80 percent of the cost of
vaccination programsin devel oping countries. They also have along shelf lifeand can
be stored dry or in an aqueous solution.

Although there is no risk of infection associated with DNA vaccines, they raise other
potential safety issuesthat need further investigation. Injecting plasmid DNA into the
genome of host cells might induce mutations, disrupt cellular genes, or cause other
harm. It also is possible that DNA vaccines might induce anti-DNA antibodies and
produce autoimmune phenomena.®> Without an intranasal, oral, or other mucosal
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delivery system, DNA vaccines might not elicit mucosal immune responses aswell as
other types of vaccine.> In addition, introducing HPV genes that code for viral
oncoproteins posesarisk and it isimportant that these be fully inactivated.

To increase the potency of DNA vaccines, researchers are investigating the use of
adjuvants, including genetic adjuvantsthat deliver immunostimulatory sequencesaong
with the antigen sequences. Using DNA vaccines in combination with peptide or
recombinant live vector vaccines also isunder investigation.

In 1995, Wyeth-L ederle Vaccines began collaborating with Apollon, Inc. (Malvern,
PA, USA) on prophylactic and therapeutic DNA vaccines for a variety of diseases.
Apollon’'s GENEVAX technology uses plasmid DNA injected with bupivacaineto
facilitate DNA uptakeinto target muscle cells.?2 Since Wyeth acquired Apollonin
1998, preclinical work has continued on DNA vaccinesfor herpes, hepatitis, and
HIV.% A DNA vaccine for HPV isin an earlier stage of development.

Merck is collaborating with Vical, Inc. (Emeryville, CA, USA) on research and
development for DNA vaccinesfor multipleinfectious diseases, including herpes,

HIV, and hepatitis aswell as HPV.2 Vical’s technology uses alipid delivery system to
facilitate cellular uptake of the plasmid DNA. Preclinical research on cottontail rabbit
papillomavirusfound that DNA vaccines coding for L 1-induced neutralizing antibodies
protected rabbits from challenge with the virus.®®

Scientists at the Wistar Institute are engaged in preclinical research on various ways
to heighten or modulate the immune response to DNA vaccines. They are testing the
impact of different delivery routes (intramuscular, intradermal, intratracheal) on
mucosal immunity and are investigating the use of traditional adjuvantsand genetic
adjuvantsto facilitate the uptake of DNA into cells. In order to target specific cellular
pathways and facilitate the presentation of antigensto B- and T-cells, they have
devel oped therapeutic DNA vaccines that express ubiquitin or the lysosome-
associated membrane protein along with E6 or E7. Researchers at Johns Hopkins
also have applied thetargeting strategy they initially developed for recombinant live
vector vaccines to DNA vaccines®% In addition, researchers at Wistar and Johns
Hopkins are testing the use of DNA vaccines to prime the immune system and boost
the response to subsequent immuni zations with recombinant live vector vaccines.
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VIIl. Edible Vaccines

Edible vaccines at a
glance...

 Prophylactic vaccines under

Plant biotechnol ogy techniques have permitted scientiststo insert the
genes for human pathogens, such as HPV, hepatitis B, and cholera, into
yeast or edible plants such as potatoes, carrots, and lettuce. These
genetically engineered plants then produce and accumul ate disease
antigensin their tissues. Their fruits and vegetables may serve as an
edible vaccine, since eating them can induce an immune response.’°

investigation

* May stimulate mucosal immune A related approach engineers nonedible plants to produce large
system quantities of an antigen in their leaves. In this case, the antigen is

« Should be inexpensive to purified and combined with an adjuvant for use asavaccine, just like

produce and distribute

Current research

the peptide vaccines already described.

Edible vaccines offer several practical advantages of special
importancefor devel oping countries, which may have difficulty paying for, storing,
distributing, and administering traditional vaccines.®Yeast extract or plantscould
provide asimple, inexpensive way to mass-produce vaccines. Many developing
countries would be able to grow their own supplies of edible vaccines rather than
import them. Edible vaccines also do not require costly and complicated cold chains
for distribution. Finally, it isfar simpler and cheaper to give foodstuffsto vaccine
recipientsthan injections, which require skilled providersand strict attention to
infection-prevention measures. Oral administration also hasthe potentia to stimulate
the mucosal immune system, which may be essential to the effectiveness of HPV
vaccines.

Animal studies of edible vaccines against avariety of infectious diseases have
produced promising results.® In the first human trial of an edible vaccine, volunteers
ate bite-sized pieces of raw potatoes that were genetically engineered to produce part
of an E. coli toxin; levels of serum and intestinal antibodies increased as a result.® A
mouse study of oral immunization with VVLPsagainst HPV provides conceptual
support for using edible vaccines against HPV.®

The joint CANSA and University of Cape Town program in South Africais
investigating various plant expression systemsfor HPV, including the tomato.2An
edible vaccine would be an attractive aternative for South Africasince the
technology to processthe plants for an edible vaccineis available locally and vaccine
costswould be very low.?” Results from preclinical studies of edible vaccines will be
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compared with the results of work on a recombinant BCG vaccine for HPV
(described in Chapter 1V). The more promising approach will enter Phase | trials,
hopefully withinthreeyears.
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IX. Programmatic Issues

Efficacy

Cost and logistics

Although research has progressed farthest on prophylactic VLP and therapeutic
peptide vaccines, it isimpossible to predict whether these or another candidate will
become the first commercialy available vaccine against HPV. Continuing research
will determine which kind of vaccine isthe most effective, practical, and affordable
for developing as well as developed countries. The deciding factors will relateto a
range of programmatic issues, some of which are described below.

At aminimum, any vaccine must be safe and effective. To be effective, a
prophylactic vaccine for cervical cancer must prevent HPV-16 and HPV-18, the two
most common forms of high-risk HPV, which together account for nearly two-thirds
of cervical cancer cases worldwide. Adding protection against other types of high-risk
HPV to a multivalent vaccine would increase its impact. Some researchers have
promoted the devel opment of regional vaccine formulationsthat aretailored to

prevent locally prevalent types of HPV. More epidemiological research on the preva-
lence of various HPV typesis required before the need for regionally-tailored vac-
cinesis confirmed, however.

Effectiveness also demands that a prophylactic HPV vaccine produce along-lasting
immune response that protects women during the decades when they are most at risk
for HPV infection, that is, from the onset of sexua activity through their twenties and
into their thirties.*™ If booster shots are required to maintain protection, costswill rise
and coverage decrease.

Because large numbers of women already are infected with HPV, early detection of
precancerous changes in the cervix and effective treatment—perhaps in the form of a
therapeutic vaccine—will be important for yearsto come.5! Therapeutic capabilities
may also reinforce the protection offered by prophylactic vaccines, stimulating T-cells
to eliminate early lesionswhen neutralizing antibodiesfail to block all of thevirus.4®In
fact, theideal vaccine for cervical cancer might be both prophylactic and therapeutic
(e.g., achimeric VLP) that could be distributed en masse to young women whether or
not they are infected with HPV.

While safety and efficacy are essential for avaccine, containing costsalso is
important. No vaccine will reach an adequate number of peoplein developing
countries unlessit can be produced and distributed cheaply. Some ways to reduce
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Protocols

costs and increase vaccine coverage are;®

» developing avaccinethat can be produced in devel oping countries rather than
relying on imports (e.g., arecombinant BCG or edible vaccine);

» samplifying distribution by creating a stable vaccinewith along shelf lifethat does
not require an expensive and logistically complex cold chain (e.g., DNA
vaccines);

» developing avaccinethat creates|long-lasting immunity with asingle dose (e.g.,
recombinant live vector vaccines);

» formulating an oral vaccine, sinceit is easier to administer, more acceptable to
recipients, and can be less pure than a vaccine formulated for injection.

Who should receive a prophylactic cervical cancer vaccine, and at what age? Since
most women acquire HPV infections soon after becoming sexually active, they need
to be vaccinated before they first engage in intercourse, perhaps at ages 10 to 12.4
Achieving universal coverage at this age may be difficult, however, since adolescents
do not routinely require or receive medical care. Immunization programs might reach
many, but not all, children by working through the schools. It would belogistically
simpler, especially in devel oping countries, to add an HPV vaccineto the existing
Expanded Program of Immunization (EPI) for infants; this also could reduce any
possible transmission of HPV from mother to child.*® Immunizing infants, however,
would require a vaccine that remains effective (without boosters) for at least 20 to 30
years and is demonstrated to be safe in infants and young children. Regardless of the
age at which avaccine is administered, coverage will be greater if only one doseis
required.

While women are at risk of cervical cancer, men play akey role in spreading HPV.
Reducing the prevalence of HPV in men will help eliminate disease in women. It may
be difficult to persuade boys to be vaccinated, however, without some sort of
incentive. One solution is to create a vaccine that prevents genital warts aswell as
cervical cancer, since HPV vaccines must be multivalent in any case.t

Modelsthat explore the impact of vaccines of varying effectiveness administered to
target populations with different characteristics will help researchers determine the
most promising approaches.*
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Continued
screening for
precancerous
conditions

“Positioning” an

HPV Vaccine

Once aprophylactic vaccineisin use, should screening programs remain in place to
check vaccinated women for cervica lesions? Unless a multivalent vaccine prevents
every type of high-risk HPV, small numbers of vaccinated women will continue to
develop cervical cancer. Also, certain cases of cervical cancer may not be associated
with HPV, and some women may not respond immunologically to the vaccine.?
Consequently, it may be important for programs that ultimately offer an HPV vaccine
to continue offering screening at some level, and to guard against complacency among
women who may assume a vaccine offers 100 percent protection (an unlikely
scenario with most candidate vaccines).

Another challenge for programs that ultimately offer an HPV vaccineis how to
“position” and promote the vaccine. Should it be described as an “anti-cancer”
vaccine (which would appeal primarily to women), an anti-STD vaccine (which raises
difficult social issuesin most cultures), or even an anti-wart vaccine (which may
broaden the vaccine’ s appeal, particularly in young, sexually-active popul ations)?
These questions are important ones; planning how to promote the vaccine would have
amajor impact on its ultimate success or failure.*
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X. Conclusion

With some HPV vaccine candidates about to enter Phase 111 clinical trids, aviable
prophylactic vaccine against one or two types of HPV could be available in aslittle as
five years. Before an HPV vaccine can be commercialized, however, a multivalent
formulation must be developed and tested. Given the current state of research efforts,
routine use of an HPV vaccine to prevent cervical cancer likely is10 to 20 years
away. The prophylactic vaccines most likely to emerge first are purified VLPs, which
may not be the vaccines best suited for the needs of the devel oping world because of
cost and other concerns. Innovative approaches like naked DNA and edible vaccines
aremorelikely to overcome cost and logistical barriersto universal vaccination in
devel oping countries, but will require substantial new investment to devel op.

Most of the therapeutic vaccines under investigation are designed to complement
conventional therapy for advanced disease, and it is not yet clear how much benefit
they will offer (and at what cost) for these women. Therapeutic vaccines designed to
clear HPV infectionsin their earliest stages are less well developed, but they hold
greater promise for reducing the suffering and treatment costs associated with
cervical disease.

Even with the most optimistic assumptions about when a prophylactic or therapeutic
vaccine will be mass-marketed, many hundreds of thousands of women will develop
cervical cancer in the coming decades. Therefore, it isimportant to continue develop-
ing appropriate screening and treatment programs for precancerous lesions at the
same time as vaccine development efforts move forward.
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Glossary

Adjuvant — A substance included in some vaccine formulations that enhancesits
ability to stimulate theimmune system.

Antibody — Protein molecul e produced by B-cellsthat bind to foreign antigens and
mark them for destruction by other immune cells.

Antibody-mediated immunity (humoral immunity) — Immune protection provided
by solublefactors such as antibodiesthat circulatein the body’sfluids, primarily blood
and lymph.

Antigen — Substance that provokes an immune response.

Antigen-presenting cells — Various cells, including macrophages and dendritic cells,
that present antigen in aform that T-cells can recognize.

B-cells (B lymphocytes) — Small white blood cells that mature in the bone marrow
and produce antibodies crucial to immune defenses.

Capsid — Protein shell covering avira particle.

Cell-mediated immunity (cellular immunity) — Immune protection provided by the
direct action of immune cells, including cytotoxic T-cells.

Clinical trials— Three phases of study of candidate vaccinesin people. Phase | trials
include small numbers of volunteers and determine the safety of the vaccine; Phase I
trials are open to hundreds of volunteers to test the vaccine for safety, the ability to
evoke an immune response, and the ability to prevent disease; Phase I11 trials are
large-scale studies in thousands of people to confirm that a vaccine safely prevents
disease with minimal side effects.

Cytotoxic T-cells (CD8+ T-cdlls, killer T-cells, cytotoxic lymphocytes, CTLs) — A
type of T-cell that can attack and destroy body cells infected by viruses or
transformed by cancer.

Dendritic cells—White blood cells found in the spleen and other lymphoid organs
that enmesh antigen and present it to T-cells.
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DNA vaccine (nhaked DNA vaccine) — Vaccine made of DNA that is not encased
or encapsulated, so that genetic material isinjected directly into the vaccine recipient.

Epitope — A unique shape or marker carried on the surface of an antigen that triggers
acorresponding antibody response.

Helper T-cells (CD4+ T-cells) — atype of white blood cell that is essential for
turning on antibody protection, activating cytotoxic T-cells, and initiating other immune
responses.

Humoral immunity — See “antibody-mediated immunity.”
I mmunogenic — Capable of stimulating an immune response.

Live, attenuated vaccine — A vaccine consisting of a disease-causing organism
whose ability to cause disease has been weakened.

Mucosal immunity — Protection against infection of the moist tissueslining body
cavities, including thelungs, gastrointestinal tract, and reproductivetract; requiresthe
presence of immune cells and antibodiesin the mucosal membranes.

Neutralizing antibody — An antibody that reacts with an infectious agent and
destroysor inhibitsitsinfectivity and virulence.

Plasmids — Small circular DNA structures separate from the chromosomes that
replicate stably in bacteria.

Preclinical — An early phase of study of avaccine or drug that is completed before
clinical studiesare carried out in people; may be conducted in cellsor in animals.

Recombinant genetic engineering (recombinant DNA technology) — Technique by
which genetic material from one organismisinserted into aforeign cell or another
organism in order to mass-produce the protein encoded by the inserted genes.
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Recombinant vector vaccine — A vaccine consisting of alive, but harmless, bacterium or
virusthat has been genetically engineered to produce an antigen from another pathogen.

Subunit vaccine — A vaccine that uses a component of a disease-causing organism,
rather than the whole organism, to stimulate an immune response.

Systemic immunity — Another term for antibody-mediated or humoral immunity.

T-cells (T lymphocytes) — Small white blood cells that mature in the thymus and
orchestrate or directly participate in immune defenses (see “ cytotoxic T-cells’ and “ hel per
T-cells").

Vaccine — A substance that contains antigenic components from an infectious organism;
by stimulating an immune response, but not disease, it protects against subsequent infection
by that organism.
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Table 1. Prophylactic HPV Vaccines Under Development*

Organization (Vaccine) HPV Type Kind of Vaccine Current Status
& Antigen
Medimmune, SmithK line Beecham HPV-11 L1 | vip Phase Il trials underway; safety and immune response
(MEDI-501) proven in Phase | trials
Medimmune, SmithK line Beecham HPV-16, 18 .
(MEDI-503 & 504) L1 VLP Phese | trials uindenway
. Phase |l tridls underway in US, UK, and Australia;
Merck, CSL Limited HPV-16 L1 | VLP Phese 111 trid to begin Soon
. . i Phase |l trials underway; large-scale efficacy trial planned
National Cancer Ingtitute, NIAID HPV-16, L1 | VLP 0 begin in Costa Rica in wirter 2000/2001
MediGene PVASLL | chimeric vip Phese I/ trial schedied for 2000
Universiy of Q and HPV-16 L1, Chimeric VLP Pr_ecl|n|cal; systemic and mucosal immune response in
E7 mice
CANSA, Uriversity of Cape Town HPV-16 L1, Recorbinant BCG Prgchmcgl; humoral and cellular immune response in
L7 guinea pigs
European Commission, Chinese HPV-16 L1, | Recombinant vaccinia Preclinical
Academy of Preventive Medicine E7 virus
University of Queensland HEPV-16 L1 | Recombirant BCG Preclinical
Wistar Intitute HPV-16 L1 Recon“pmant Pre_chnlcaJ;. nranaw] immunization induced serum and
adenovirus vaginal antibodies
Recorrbinart Preclinical (may also be used to deliver a therapeutic
Wyeth-Lederle, AlphaVax Venezuelan eguine : ey P
o vaccine)
encephalitis
Merck, Vical Inc. L1 DNA Preclinical; neutralizing antibodies induced in rabbits
Wistar Indtitute DNA Preclinical
Wyeth-Lederle DNA Preclinical
CANSA, University of Cape Town Edible (tomatoes) Preclinical

Note: While efforts were made to be comprehensive, thisis not a complete list.
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Table 2. Therapeutic HPV Vaccines Under Development*

Organization (Vaccine) HPV 'I_'ype Kind of Vaccine Current Status
& Antigen
Cartab, SmithK line Beecham (TH-GW) HPV-6 L2, Peptlt_je (fusion Phase I1b trl_als with novel adjuvant underway to assess
E7 protein) wart regression and recurrence rates
HPV-16/18 Peptide (fusion . .
Cantab (TA-CIN) L2, E6, E7 protein) Phase | trials begun in 1999
National Cancer Institute HPV-16 E6, | Various peptide Phase I/11 trials underway
E7 vaccines
Norris Cancer Indtitute, University of . .
South Carolina HPV-16 E7 Peptide Phase I/11 trils underway
StressGen Biotechnologies (HspE?7) HPV-16 E7 Proteirn/peptide Phase 11 trials underway
Uriversity of Leiden HPV-16 E7 Peptide Phase 1/11 dose-escalation study completed; no adverse
side effects
o . Phase 1/11 trials underway; antibody and T-cell responses
University of Queensland HPV-16 E7 Peptide in some patients
HPV-16/18 Recombinant vaccinia | Phase Il trials of clinical impact underway; immune
Cantab (TA-HPV) E6, E7 virus response demonstrated in prior Phase |1 trials
European Commission, Chinese Recombinant vaccinia N L
Academy of Medical Sciences HPV-58 E7 virs Preclinical; prevented tumor growth in mice
Johns Hopkins Uriversity HPV-16 E6, Recombinant vaccinia | Preclinical; eliminated and prevented tumors in mice;
P E7 virus with LAMP Phase | trials scheduled for 2000
Recombinant MVA .
Transgene (MVA-HPV-IL2) HPV-16 VacGifia VirLs Phase | trials underway
Recombinant N . i
Wistar Irstitute HPV-16 E6, adenovirus and Pr_ecllnlcal, cytotoxic T-cells protect against challenge
E7 s with turmor cells
vaccinia virus
MediGene, Schering AG Haw'ls L4 | chimeric vLP Phase /11 trial scheduled for 2000

*Note: While efforts were made to be comprehensive, this is not a complete list.
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Appendix: Vaccine Developers

AlphaVax, Inc.

710 West Main Street
Durham, NC 27701
USA

www.al phavax.com
Contact: Robert Olmsted
olmsted@al phavax.com

Cancer Association of South Africa (CANSA)
Johannesburg, South Africa

Www.cansa.org.za

Contact: Dr. Carl Albrecht, Research Coordinator
cabrec@iafrica.com

Cantab Pharmaceuticals plc
310 Cambridge Science Park
Cambridge CB4 OGW
United Kingdom
www.cantab.co.uk

Chinese Academy of Medical Sciences
PO Box 2258

Beijing, China100021

Contact: Dr. Y.H. Zhang
zhangyh@public3bta.net.cn

Chinese Academy of Preventive Medicine
100Ying XinJie

Xuan Wu Qu

Beijing, China 100052

Contact: Dr. L. Ruan
[ruan@public3.bta.net.cn

CSL Limited

45 Poplar Road

Parkville, Victoria3052

Austraia

www.csl.com.au

Contact: Professor lan Gust

Director of Research and Development
lan_Gust@csl.com.au

Deutshces Krebforschungszentrum (DKFZ)
Im Neuenheimer Feld 242
69120 Heidelberg, Germany
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European Commission
200 Ruedelaloi

SDME 1/120

B-1049 Brussels, Belgium

Johns Hopkins School of Medicine
Baltimore, MD

USA

Contacts: Dr. Drew Pardoll
dmpardoll @wel chlink.welch.jhu.edu
Dr. T.C. Wu

wutc@wel chlink.welch.jhu.edu

MediGeneAG

Lochamer Str. 11

D-82152 Planegg/Martinsried, Germany
Contact: Ingrid Jochmus
www.medigene.de

Medlmmune, Inc.

35 West Watkins Mill Road
Gaithersburg, MD 20878
USA
www.medimmune.com

Merck & Co., Inc.
Whitehouse Station, NJ
USA
1-800-NSC-MERCK
www.merck.com

National Cancer Institute (NCI)

Laboratory of Cellular Oncology

Bethesda, MD 20892

USA
http://rex.nci.nih.gov/RESEARCH/basic¢/lco/schiller.htm
http://rex.nci.nih.gov/RESEARCH/basi ¢/l co/lowy.htm
Contact: Dr. John Schiller

Schillgj@dc37a.nci.nih.gov
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Novavax, Inc.

8320 Guilford Road, SuiteC
Columbia, MD 21046

USA

WWW.novavax.com

Schering AG
D-13342Berlin
Germany
www.schering.de

SmithKline Beecham
London, England, and Philadelphia, PA, USA
www.sh.com

StressGen Biotechnol ogies

#350 - 4243 Glanford Avenue
Victoria, British ColumbiaVV8Z 4B9
Canada

WWW.Stressgen.com

Transgene S.A.

11, ruedeMolsheim
67082 Strashourg Cedex
France
www.transgene.fr

University of Cape Town Medical School
Department of Medical Microbiology
Observatory 7925

Cape Town, South Africa

Contact: Dr. Anna-Lise Williamson
Annalise@medmicro.uct.ac.za

University of Queensland Department of Medicine
Center for Immunology and Cancer Research
Princess Alexandra Hospital

Wool oongabba, Queensland 4102

Australia

www.pa.ug.edu.au/cicr

Contacts: Dr. lan Frazer
ifrazer@medicine.pa.ug.edu.au
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Vica Corporation

9373 Towne Centre Drive, Suite 100
San Diego, CA 92121

USA

www.vical.com

The Wistar Institute

3601 Spruce Street
Philadelphia, PA 19104

USA

www.wistar.upenn.edu
Contact: Dr. Hildegund C.J. Ertl
Ertl @wistar.upenn.edu

Wyeth-Lederle Vaccines & Pediatrics
American Home Products Corporation
5 GiraldaFarms

Madison, NJ07940

USA

201-660-5000

www.ahp.com
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