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Acronyms

The following acronyms are used in this document.

AIN anal intraepithelial neoplasia

CIN cervical intraepithelial neoplasia

CIN1 cervical intraepithelial neoplasia, grade one

CIN2/3 cervical intraepithelial neoplasia, grade two or three

CMI cell-mediated immunity

COPV canine oral papillomavirus

CTL cytolytic T-cell lysis

DNA deoxyribonucleic acid

DTH delayed type hypersensitivity

ELISPOT enzyme-linked immuno spot

HIV human immunodeficiency virus

HLA human leukocyte antigen

HPV human papillomavirus

HSIL high-grade squamous intraepithelial neoplasia

Hsp heat shock protein

IARC International Agency for Research on Cancer

IFN interferon

IgA immunoglobulin A

IgG immunoglobulin G

IL interleukin

LSIL low-grade squamous intraepithelial lesion

MVA modified vaccinia virus Ankara

PCR polymerase chain reaction

RRP recurrent respiratory papillomatosis

TGF transforming growth factor

TNF tumour necrosis factor

tRNA transfer ribonucleic acid

VIN vulval intraepithelial neoplasia

VLP virus-like particle
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Executive summary

Human papillomavirus (HPV) infects epithelium and expresses a limited number of
known gene products serially in association with epithelial cell differentiation.
The role of infection with a subset of HPV genotypes in promoting and maintaining
malignant transformation of anogenital epithelium is undisputed.

HPV-associated cancers kill up to half million people worldwide each year,
predominantly in developing countries. HPV16 stands out from the other high risk
types as a cause of cancer because of its greater propensity to persist and to transform
cells. Immunotherapy for HPV infections is desirable because of the large number of
women already infected with high-risk (HR) HPV genotypes who may develop
cancer, and because a therapeutic component to prophylactic immunization may
improve vaccine efficacy.

The importance of cell-mediated immunity for resolution of acute HPV infection is
implied by the observations on the reduced rate of resolution of HPV infection in
immunosuppressed individuals. Induction of cell-mediated immunity might aim to:

• prevent HPV infection, in conjunction with virus neutralizing antibody; or

• promote resolution of acute infection—cervical intraepithelial neoplasia,
grade one (CIN1) or low-grade squamous intraepithelial lesion (LSIL); or

• promote resolution of transformed epithelium—CIN, grade two or three
(CIN2/3), high-grade squamous intraepithelial lesion (HSIL) or cancer.

Immune responses to prevent infection, and resolve acute infection,  might be targeted
at any viral protein though E2, E6 and E7, and L1 seem preferred based on evidence
in the dog and rabbit models, and from prophylactic vaccine studies. Immune responses
aimed at resolution of progressing lesions are preferentially targeted at E6 and E7,
with E6 specific responses most associated with natural resolution. Trial design for
immunotherapy for HPV is constrained by practical and ethical issues, such as the
following.

• Acute “high-risk” HPV infection resolves spontaneously in a high percentage
of individuals.

• It is commonly agreed to be unethical to leave HSIL/CIN2/3 lesions untreated
for long periods of time.

• HPV-associated cancers have high rates of mutation in antigen-presenting
machinery, likely to render them resistant to immunotherapy.
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Most current HPV immunotherapy studies are being pursued in patients with anal
intraepithelial neoplasia (AIN) or vulval intraepithelial neoplasia (VIN), though some
have been conducted in CIN and in cancer patients. Trialled delivery systems include
peptide/adjuvant, protein/adjuvant, protein–heat shock protein (Hsp) fusion,
polynucletotide vaccines, chimeric virus-like particles (cVLPs), and recombinant virus
vectors. HPV16 is the most commonly targeted virus. Evidence of efficacy to date is
limited by the fact that most studies have been open label uncontrolled study designs,
and by some suggestion of an adjuvant (innate immunity) effect from immunization.

Given the many clinical trials underway or envisaged, it would be desirable to
have standardized assays for cell-mediated immunity to allow comparison of
vaccine-induced immunity between trials and between immunized patients and
subjects with spontaneous resolution of HPV infection. The focus on HPV16 infection
primarily because of its predominance among invasive cancers suggests that
standardized assays should also focus on HPV16.

It is impractical to develop and ship standardized positive biological materials (cells)
for cell-mediated immunity assays. It is practical to develop and evaluate standardized
positive control reagents (substrates) for cell-mediated immunity assays. Three assays
currently in use are potential candidates for standardization:

• proliferation assays;

• cytokine release assays (ELISPOT or cell culture supernatant); and

• in vivo delayed type hypersensitivity (DTH) assays.

DTH assays have the advantage of ease of execution in the field, but would require
that good manufacturing practice (GMP) grade peptides or proteins scan the desired
proteins (E2, E6, E7). Providing these as standardized reagents to groups already
active in the field would be prohibitively expensive. Cytokine release and cellular
proliferation assays run to standardized protocols with standardized antigens
should in principle be comparable between laboratories. Provision of standardized
antigens should therefore be considered by WHO. The easiest and most reliable
antigens are synthetic overlapping peptides—longer peptides favour measurement
of CD4-restricted T-cell responses, and shorter peptides favour CD8-restricted
responses. There is at present no consensus as to what target populations should be
studied (other than that they should be patients in well documented trials). There is
no consensus that any available assay defines a response that would, if induced by
immunization, be associated with a therapeutic outcome. The group concluded the
meeting with the following recommendations.

• Standardized protocols for whole-blood interferon gamma (IFN-ã), interleukin
(IL) IL-10 and IL-5 release, for IFN-ã ELISPOT, and for lymphocyte
proliferation/cytokine release assays should be developed (the latter two might
be standardizable for tumour infiltrating lymphocytes and for blood-derived
cells).

• A standardized peptide reagent for these assays for HPV16 E2, E6 and E7
should be agreed to.

• The standardized protocols and reagents should be made available on request
to qualified investigators, upon provision of a copy of the research protocol, in
sufficient quantities to conduct studies of up to 100 tests in total, to characterize
immune responses to prophylactic and therapeutic HPV vaccination.
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The Immunization, Vaccines and Biologicals Department is committed to continue
and intensify its efforts to generate an enabling environment for human papillomavirus
(HPV) vaccine development and introduction globally. Over the past four years,
efforts were directed towards several fronts: review of the global disease burden
related to HPV infections, assessment and harmonization of laboratory data,
and development of standard reagents, as well as consensus building related to vaccine
clinical trial outcomes for HPV vaccine development. At present, the Department is
providing technical advice on the laboratory procedures for HPV detection and on
the use of International Standard reagents, and guiding decisions on HPV vaccine
introduction, through an international HPV expert advisory group.

The main objectives of the Technical Workshop were to assess the role of cell-mediated
immunity in HPV infections and how they affect prophylactic and therapeutic
vaccination, and to identify prospects for collaborative efforts in the area of
cell-mediated immune assays.

1.1 Update on HPV pathogenesis

The global frequency of cancers linked to infections is presently estimated to be
approximately 20%. While over 95% of cervical cancer cases are linked to the
presence of HPV, about 70% of anal cancers show detectable HPV DNA,
about 50% of penile and vaginal cancers, and less than 25% of head and neck cancers
show this feature. HPV16 is the most frequently identified type in anogenital cancers.
Dr H. zur Hausen noted that direct HPV typing permits screening for
persisting high-risk infections and, as a practical result, the identification of patients
at risk for cervical cancer development and eventually effective post-exposure
vaccination programmes.

The papillomaviruses are a large and ubiquitous family of viruses which have
four major characteristics: (a) adaptation to epithelial surface cells (epitheliotropic);
(b) infection of proliferating cells at the basal layer, which may result in silent
genome persistence; (c) viral gene codons “de-optimized” for human tRNA
recognition; and (d) some promoters only activated in terminally differentiated cells.
Presently, 106 genotypes of human pathogenic papillomaviruses have been identified
and sequenced (1).

At the recent International Agency for Research on Cancer (IARC) evaluation of
carcinogenesis it was recognized that, in the anogenital tract, there is sufficient
evidence for carcinogenicity from case–control studies for HPV types 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and possible carcinogenicity for types 6 and 11.

1. Introduction and
background
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HPV types 5 and 8 are considered skin carcinogens. The evidence for HPV
carcinogenicity is fourfold: (a) early expressed viral genes (E6/E7) are present and
uniformly active in cervical cancer cells; (b) the E6/E7 oncoproteins possess growth-
promoting and transforming activity; (c) the malignant phenotype of cervical cancer
cells depends on the expression of the viral oncogenes; and (d) epidemiological
prospective and case–control studies identify high-risk HPV as the major risk factor
for cervical cancer, and the viral oncoproteins E6 and E7 are preferentially retained
and expressed during carcinogenic progression. However, these genes are not
sufficient for malignant transformation, as immortalized cell lines are non-tumorigenic
in immunosuppressed animals, as opposed to malignant cells, and interaction with
other genetic factors may be involved. For instance, dysfunctions occur in the cascade
of cellular proteins engaged in the presentation of viral antigens to the immune system.
Importantly, other cofactors for cancer development in humans are smoking,
hormonal contraceptives, parity and nutrients; and other genital co-infections,
such as Chlamydia trachomatis, or Herpes simplex virus, may play a role in cancer
development.

Observations that HIV-related immunosuppression, with decreasing immunological
control, exacerbates HPV-mediated cervical cytologic abnormalities provide evidence
for a clear role of cellular immunity in HPV-related cancer development (2).

The concerted actions of E6 and E7 lead to blockage of apoptosis, immortalization
of cells, chromosomal instability and increased mutational frequency. The genesis of
this phenotype is accompanied by a loss of response to innate and adaptive immune
mechanisms and pro-inflammatory cytokines. Since immune mechanisms control
papillomavirus infections, enhancement of responses should represent suitable targets
for vaccination.
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HPV is associated with a spectrum of diseases ranging from enhanced epithelial
proliferation to invasive cancer, and the pattern of viral gene expression indicates
the likely viral targets. In this context, there are three groups of viral proteins that
might trigger effective immune responses: (a) viral oncogenes E6 and E7,
whose expression is retained in cancers, (b) other early proteins, E1, E2, E4 and E5,
which are not generally retained in cancers, and (c) the viral capsid proteins L1 and
L2, which are not detectably expressed in the basal layers of the epithelium.
Following HPV infection in the basal epithelial layers, high levels of gene expression
of E6 and E7 are detected but low levels of E1, E2 and E5 (3). Expression of E1 and
E2 has been difficult to document. Presumably there is expression at very low levels.
E2 expression is generally selected against during progression to malignancy.
It is believed that basal cells are the only proliferative compartment that can support
HPV latency (4).

Three strategies to trigger effective immune responses are to be considered:
(a) enhancing prophylaxis, (b) preventing progression from low-grade lesions to
high-grade lesions, and (c) eliminating residual disease (Figure 1).

Figure 1: Stages for intervention

2. Triggering effective immune
responses to HPV infection

Cervical 
intraepithelial 

neoplasia (CIN)

Carcinoma 
in situ (CIS)

I II III
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Invasive 
carcinoma

Source: Courtesy of Dr D. Galloway
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Prophylaxis strategies are mostly based on sterilizing immune responses through
induction of neutralizing antibody production.

The Merck programme on HPV vaccines is based on prophylactic L1 virus-like
particles (VLPs) made in yeast, containing VLPs to types 6, 11, 16 and 18 in aluminium
adjuvant, and are administered intramuscularly as a three-dose regimen. The end-
point in the proof of principle study (5) was persistent infection, measured as presence
of HPV DNA on two consecutive occasions. The conclusions, to date, were that the
HPV16-L1 VLP significantly reduced persistent HPV16 infections over three years’
follow-up, on average, and that administration of this HPV16 vaccine to baseline
HPV16-naive women was 100% effective in preventing HPV16-related CIN2/3.
Serum antibody levels remained high over three years after vaccination, and showed
no evidence of interference when administering different HPV VLPs in combination.
T-cell responses to these vaccines are evident due to Ig class switching in humans.
Studies in non-human primates show occasional cytolytic T-cell lysis (CTL) responses,
and INF-g and IL-5 responses, suggesting that Th1 and Th2 responses are raised by
vaccination with VLPs. Dr A. Shaw concluded that the VLP-based vaccines appear
to be effective at eliciting robust antibody responses, which can be correlated with
protection in animal models. Aspects of a cellular response can be detected,
and classical CTL responses exist.

It is not yet clear if the level of sterilizing immunity induced by prophylactic vaccines
will be sufficient to prevent the development of cancer disease. Dr D. Galloway
reported that in natural infections where HPV DNA persists, seroconversion
(local IgA and serum IgG to HPV L1) occurs on average at 8–10 months after
exposure. At two years post infection, 75% of individuals have seroconverted and
overall 80–85% individuals eventually seroconvert. At 10 years post infection,
about 50% of individuals have detectable serum anti-L1 IgG.

A prophylactic vaccine currently in late development stage at GlaxoSmithKline
(GSK) has demonstrated, in a pivotal phase II efficacy trial, 100% efficacy against
persistent infection and cervical lesions associated with persistent infection by HPV16
and/or HPV18, said Dr Giannini. In the efficacy study the prophylactic vaccine was
composed of 20µg HPV16 and 18 L1 VLPs, formulated with 500 µg alum and 50µg
monophosphoryl lipid A and injected intramuscularly at 0, 1 and 6 months. Anti-
VLP 16 and 18 titres were respectively ~100 and 80-fold higher than those found
following natural infections by these two viruses. Efficacy was 91% for incident
type-specific HPV infections, 100% for persistent HPV infections, 93% for
cytological abnormalities and 100% against HPV16/18 PCR-positive histologically
confirmed cervical lesions.
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2.1 Strategies for enhancing prophylaxis

The prevalence of HPV infections in adult populations (ages 15–65) is estimated at
about 10%. This equates to over 400 million people carrying the virus today and
consequently at risk of developing related cancers. These figures provide a rationale
for public health authorities to promote the development of vaccines with combined
prophylactic/therapeutic effects, when mass immunization campaigns are possible.
One proposed vaccine development strategy is to enhance prophylaxis with chimeric
VLPs, expressing both capsid proteins and the early proteins.

2.1.1 Chimeric VLPs as prophylactic and therapeutic vaccines against
papillomavirus

L1 VLPs are promising candidates for prophylactic vaccination against HPV,
but have not been shown to have a therapeutic effect, i.e. to clear existing infections.
Consequently, they likely will have an impact on disease burden only decades after
effective vaccination. Preclinical studies in mice showed that chimeric VLPs
expressing early viral proteins such as E7 or E2 induce neutralizing antibodies,
even following a single vaccination without adjuvant. Furthermore, a single parenteral
or mucosal application of chimeric E7-VLPs primes E7-specific CTL responses,
protecting mice from tumour challenge, and inhibiting outgrowth of established
tumours. In addition, such chimeric VLPs induce primary T-cell responses in human
peripheral blood lymphocytes in vitro. Papillomavirus VLPs were shown to potently
induce cell-mediated immunity (CMI), in part because of efficient activation of
dendritic cells and the generation of a pro-inflammatory cytokine environment.
A double-blind placebo-controlled trial of chimeric VLPs, HPV16 L1-E7 (Medigene)
in human patients with CIN2/3, showed 50% decrease in lesion size
(J Nieland et al., unpublished data). While a consistent high level of L1 antibodies
was measured, a variable induction of E7-specific CD8+ and CD4+ T cells was
found in patients, and no correlation between CMI assays and clinical responses
could be established. The relatively weak T-cell responses to chimeric VLPs suggest
a failure to effectively boost primary responses and pre-existing tolerance to
L1 and/or E7 in the patients. Experiments in mice demonstrated that E7-specific
major histo-compatibility (MHC) antigen-I restricted responses are not boosted by
a homologous L1/E7 chimeric VLP vaccination (6). However, neutralizing antibody
can also apparently promote CTL induction depending upon the antibody
concentration (7). Therefore, in the future cVLPs may not be useful vaccines
unless strategies to overcome both tolerance to early antigens and effectively boost
primary responses to these antigens are developed. The following questions arise.
Does pre-existing immunity to L1 suppress CTL or Th1 responses to VLPs or
promote Treg responses to L1? Is an extended vaccine schedule better for
inducing CTLs to VLPs? Does adjuvant influence CTL induction and booster?
Will Th1 adjuvants be necessary? Dr J. Schiller concluded that future clinical studies
may provide answers to all these questions.
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2.1.2 Recombinant fusion proteins as prophylactic/therapeutic vaccine
candidates

Cost of manufacturing, stability of capsids, and clearance of existing viral infections
are challenges of the present HPV vaccine candidates based on VLPs. An alternative
to tackle these issues is offered by the production in E. coli of gluthatione S-transferase
fusion proteins forming pentamers, called capsomeres (Figure 2). These can be purified
to over 95% purity, and have the advantage of being stable as precipitated powder,
less costly for manufacturing, and can be freeze-dried, while retaining immunogenic
properties similar to VLPs. For instance, L1 capsomeres have been shown to react
with L1 conformation-specific antibodies, activate dendritic cells, induce neutralizing
antibody, activate T cells, induce T-cell lysis ex vivo, and induce B and T-cell responses
in vivo. In mice such capsomeres were shown to induce regression of HPV16-positive
tumour cells that expressed L1 determinants, via induction of CTL, and also
induce L1-specific mucosal IgA antibodies, following intranasal application (8).
Chimeric capsomeres formed by fusion proteins composed of L1 and E7 were tested
in preclinical studies in mice. Such capsomeres can induce neutralizing antibodies,
T-cell responses to L1 and E7, and CTL responses to E7. These chimeric capsomeres
appear suitable for use as combination vaccines, i.e. displaying prophylactic and
therapeutic properties, as they seem to have the correct antigenic profile, and induce
B and T-cell responses in vivo. In addition, chimeric capsomeres composed of
L1-L2-E7 also induce specific antibodies, and L1- and E7-specific CTL.

Figure 2: Chimeric capsomeres formed by fusion proteins composed of
L1 and E7/E6 or composed of L1-L2-E7.

monomer

L1

5x

E7/E6

capsomere

1 x E7/E6

1 x partial l2

5 x L1

In conclusion, for second generation HPV vaccines, capsomeres could compensate
for some of the shortfalls of VLPs and be suitable for combination vaccines to
improve HPV-specific prophylaxis. Dr L. Gissmann outlined plans to generate
L1-E6 (and/or E7), and L1-L2-E6 (or E7) capsomeres (see Figure 2),
characterize their structure and antigenic profile, characterize their respective
immunogenicity in animals, and select a candidate for phase 1 clinical trial in humans.
Collaborators in this enterprise are Dr R. Garcea, Dr R. Schlegel and Dr L. Villa.

Source: Courtesy of Dr L. Gissman
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2.2 Strategies for preventing progression from low-grade to high-grade
lesions

HPV is necessary but not sufficient for development of invasive cancer.
Progression of HPV infection to malignancy involves multiple events including
mutagenicity, cytogenetic instability, and altered gene expression, with the emergence
of genetically heterogeneous tumour populations. A frequent step in carcinogenesis
is the integration of viral DNA into the host cellular genome, mostly disrupting the
E2 gene region, resulting in loss of control of p53 and retinoblastoma cell cycle
modulators. Viral persistence and disease progression to CIN and cervical carcinoma
in patients are associated with poor E7 T helper and CTL reactivity, the absence of
E6 CTL, and impaired CD4+ T immunity versus E2 and E6 (9).

Several vaccine candidates were tested, mainly based on either fusion proteins,
e.g. L2-E6-E7 (denominated TA-CIN), or heat shock protein fusions,
short (HLA-specific) or long synthetic peptides (HLA independent), with or without
adjuvants, viral vectors, bacterial vectors, DNA, or ex vivo antigen-loaded dendritic
cells. Results of E7 vaccine candidates in mice, measured as percentage of
tumour-free mice after three months, suggest that optimal therapy may require CD8+
and CD4+ T cells and local INF-g production (10). However, it should be noted
that the mouse models used in these studies are not a close model of HPV
carcinogenesis.

2.2.1 HPV directed immunotherapy

When assessing immune therapy in neoplasia, one reasonable outcome measure is
reduction in lesion size. Dr P. Stern described a phase II trial in women with
VIN vaccinated with a recombinant vaccinia virus encoding HPV16/18 oncoproteins
E6 and E7, named TA-HPV (Xenova). The vaccine candidate was previously reported
to be safe and immunogenic in cervical cancer patients (11). Eight out of 18 patients
with VIN showed clinical responses, as measured by decrease in lesion size, symptom
relief, histological improvement, and HPV clearance. Patients had higher levels of
anti-HPV16 and HPV18 E6/E7 and L1 antibodies, as compared to normal control
subjects, and following vaccination showed significant increase to HPV16 E6 and
E7 antibody levels, but not L1 or HPV18. However, there was no association of
clinical outcome with immunological measurements such as ELISPOT,
lymphoproliferation, or antibody levels. Responders in contrast to non-responders
had a pre-existing infiltrate of CD4+ and CD8+ T cells in the lesion and increased
numbers of CD1+ cells, emphasizing a potential role for pre-existing immunity,
especially local immunity, since low levels of pre-existing immune responses could
change responses to vaccines.

In studies with a reciprocal order of vaccination there was no obvious difference in
proliferation and antibody response to E6; and ELISPOT showed no significant
increase and no obvious association with clinical outcome and immune response.
Dr Stern recommended that future strategies should include mechanisms to stimulate
and also to monitor immunity in the lesion site, with the aim of sustaining immune
responses to drive clearance of neoplastic lesions.
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2.2.2 ISCOMATRIX® Adjuvant therapeutic approach to HPV

A product under development by Commonwealth Serum Laboratories (CSL)
in Australia is a recombinant fusion protein of HPV16 E6 and E7, produced in
E. coli, and formulated with an adjuvant ISCOMATRIX®, an immunomodulator
that induces T-cell responses in humans, as measured by a variety of assays including
antibody levels, interferon gamma (IFN g), DTH (with intradermal protein challenge),
and CTL (ELISPOT and intracellular cytokine stain). In preclinical models the
preparation showed induction of HPV16 E7-specific CTL responses,
tumour protection against HPV16-E6/E7-bearing tumours in a prophylactic mouse
model, and effective treatment of HPV16-E6/E7-bearing tumours in a therapeutic
mouse model. The product is under development initially for AIN. The therapeutic
hypothesis is that the prepared antigen can induce a broad spectrum of cellular immune
responses including CD8+ (CTL) and CD4+ (Thelp) to E6 and E7, and consequently
will recognize and destroy E6/E7-expressing cells, hence HPV-transformed cells.
In a randomized, placebo-controlled, blind, dose-escalation phase I study enrolling
42 healthy volunteers, this product showed no serious or medically significant adverse
events, and no dose limiting toxicity. Immunogenicity was demonstrated as high
titre antibody responses, detected in all injected subjects, and antigen specific
CD4+ and CD8+ T-cell-assay responses. A study in AIN is planned to evaluate its
clinical efficacy.

2.2.3 Heat shock recombinant fusion proteins as HPV therapeutic programme

The product under clinical development at Stressgen Biotechnologies is a recombinant
fusion protein expressed in E. coli consisting of the heat shock protein Hsp65 of
Mycobaterium bovis bacille Calmette–Guérin (BCG) and the modified E7 protein
of HPV16. HspE7 is under development for conditions such as recurrent respiratory
papillomatosis (RRP), genital warts, and genital intraepithelial neoplasias. The heat
shock protein is thought to serve as immune stimulant to human dendritic cells and
CTLs, while the E7 portion represents the tumour-specific antigen to be targeted by
CTLs. In preclinical studies HpsE7 was curative in the TC1 tumour cell model of
cancer in mice, inducing Th1-cytokine profile and immune response in vitro and in
vivo, and E7-specific CTL in mice. Physical linkage of the two components seems to
be required for these activities, as no tumour regression was induced by injection of
Hsp65 together with, but not fused to, the E7 protein. In clinical trials, no toxicity
has been identified except for injection-site reactions. HspE7 has been tested in
intraepithelial neoplasias, genital warts and recurrent respiratory papillomatosis,
in a regimen of three doses of 500 microgram subcutaneously every 28 days.
Where a suggestion of clinical responses were obtained, they appeared not to be
HPV16 specific. Controlled studies are in progress in cervical dysplasia and cervical
cancer under Investigational New Drug application, held by the National Cancer
Institute. Th1 biased antibodies against E7 are optimally induced by three doses of
500 µg of HspE7 and associated with induction of antigen-specific CD8+ T cells,
as assayed in humans. A single arm, uncontrolled, clinical trial of paediatric RRP has
been designed using three applications of HspE7, 28 days apart, in 27 patients with
four prior debulking surgeries, and 20 weeks follow-up by laryngoscopy without
intercurrent therapy. In this context, HspE7 appears to significantly prolong the
interval required between debulking surgeries, as assessed by annualized surgical
rate, calculated as the number of surgeries performed within a study period divided
by the number of days in that period and multiplied by a factor of 365 days/year,
to estimate the number of surgeries per year. In addition, results of an uncontrolled
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phase II clinical trial of HspE7 in 36 adult women with biopsy-proven CIN3 showed
71% regression of disease, as followed over two months and assessed histologically
after LEEP (Loop Electrosurgical Excising Procedure). HspE7 may show clinical
responses in several HPV-related diseases, most notably RRP and CIN3. In animal
models, HspE7 anti-tumour activity is associated with CD8+ T-cell-dependent and,
in humans, antigen-specific immunity. Th1-biased antigen-specific antibody can be
detected routinely in humans. However, antigen-specific cell-mediated immunity
has not been shown for HspE7 in a consistent pattern in human peripheral blood
mononuclear cells (PBMCs) with existing assay methodology.

2.3 Strategies to eliminate residual disease

Failure of immune surveillance is believed to be the primary reason for progression
of genital lesions to cancer following high-risk HPV infections. There is a balance
between immunity and tolerance: viral infections might induce anergy to viral antigens
that could interfere with subsequent attempts to induce immunity to the same viral
targets through immunization.

2.3.1 Therapeutic approach to HPV infections at Transgene

Recombinant HPV16 E6/E7 expressing modified vaccinia virus Ankara (MVA)
co-expressing human IL-2 has been evaluated in clinical trials. The recombinant
modified virus Ankara is a safe, non-propagating, highly immunogenic poxvirus
constructed to express E6 and E7 early proteins of HPV16, and rendered
non-transforming by mutations. This product is expected to stimulate innate immunity
and elicit antigen-specific CTLs, by the high level of antigen production during the
abortive vaccinia life cycle. In preclinical tumour challenge studies the recombinant
HPV16 E6/E7 expressing MVA, co-expressing human IL-2 (Transgene product
TG4001) was effective in significantly inhibiting tumour growth and improving
survival in mice. In phase I studies using TG4001, three dose-escalating studies
showed good safety profile after intramuscular (i.m.) injections, eliciting E6 and E7
antibody and specific-T-cell responses assay to long peptides of the target viral
antigens. In open label, placebo-controlled, phase II trials conducted in Mexico using
a three-dose regimen of 5x106pfu/day, applied at day 1, 8 and 15 by subcutaneous
injection, some partial effects in combination with chemotherapy were demonstrated,
but efficacy could not be shown at the dose tested. In a phase II trial in France with
TG4001 given subcutaneously to CIN2/3 patients, partial efficacy was shown with
a higher dose of 5x107pfu. Further trials are proposed to study the efficacy of the
product using a new protocol delaying standard excision treatment for six months
post-vaccination, and results are expected by the end of 2005.

2.3.2 Aerosol-based HPV vaccines

It is hypothesized that mucosal vaccination may lead to more efficient local cellular
immune responses in the genital tract. Thus, preclinical studies were conducted in
mice to test efficacy of the Transgene product previously described, i.e. recombinant
MVA E6/E7 expressing IL-2, delivered via a nasal aerosol. In mice the recombinant
TG4001 vaccine candidate was immunogenic, and parenteral and aerosol vaccination
prior to challenge completely inhibited tumour growth (TC-1 cells). In addition,
following aerosol administration, expression of MVA antigens was detected on the
mouse bronchial epithelium with no signs of inflammation in the airways, as shown
by immunohistochemistry. Furthermore, the bio-distribution by aerosol delivery of
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the product was studied in macaques, showing it to be safe, as no inflammation
or neurotoxicity were detected by histophathology analysis of several organs,
72 hours after inhalation. Further studies are planned to determine bio-distribution
in humans and environmental contamination using radio-labelled particles.
Phase I (with escalating doses of aerosol delivered TG4001) and phase II trials
(i.m. versus aerosol delivery of TG4001 with E7/E6 long peptides priming) are
planned for 2006 and 2008, respectively. Patients will be followed up to 12 weeks.
In this context, semiquantitative cellular immunological readouts against HPV16 E6
and E7 are under investigation. For instance, in vitro expansion of E7/E6-specific
T-cell precursors in microculture and analysis of cervical biopsies are currently being
tested in unvaccinated HPV16 HSIL patients, mentioned Dr D. Nardelli.

2.3.3 Peptide-based vaccines in HPV-related cancers

Not only is the incidence of cervical cancer higher in developing countries, but also
the stage of disease in which women are diagnosed is further advanced, and therefore
the possibilities of providing successful treatment are lower in low resource countries.
For instance, while in the Netherlands over 65% of cervical cancers are detected at
stage I and about 0.5% at stage IV, in Indonesia diagnosed cases are 20% in stage I
and 25% in stage IV. Treatment of cervical cancers at stages Ib to IIb shows a
5-year survival rate of 60–90%; however, these treatments are linked to complications
such as infertility, urinary, bowel and sexual dysfunction.

As mentioned above, for therapeutic vaccination, the E6 and E7 oncoproteins of the
HPV virus are the most important targets, because they are selectively retained and
expressed during carcinogenic progression. In animal studies, mice immunized
with peptides corresponding to the H-2D restricted HPV16 E7 CTL epitope
(E7 49-57, RAHYNIVTF, emulsified in Incomplete Freund’s Adjuvant) developed
CTL-mediated protection against a subsequent challenge with an otherwise lethal
dose of HPV16 E7-expressing tumour cells. Recent preclinical data demonstrated
that tumour-specific CD4+ Th cells critically contribute to the development and
efficacy of anti-tumour responses. Based on this finding, a clinical grade HPV16
peptide-based vaccine candidate was prepared consisting of 32 to 35 amino-acid-
long overlapping peptides, covering E6 and E7 protein sequences. It was expected
that endocytosis, processing, and presentation by professional antigen-presenting
cells induced both HPV16-specific CD8+ CTL and CD4+ T-helper cells, and this
would circumvent the potential hazard of peptide-induced tolerance. This vaccine
concept was successfully tested in mice (12) and in the cotton tail rabbit model (13).
Dr G. Kenter described the results of phase I and phase II clinical trials using long
peptides of HPV16 E6/E7, adjuvanted with montanide, in patients with end-stage
cervical carcinoma and stage Ib/IIa or VIN3. In the phase I trial, a response to
E6 and E7 could be measured in the vaccinees, by INF-g ELISPOT assay,
and the vaccine was well tolerated and safe. Moderate T-cell responses were observed,
while a clinical benefit was not expected. The modest T-cell responses could be the
result of an impaired immune system, which is commonly found in patients diagnosed
with cancer, or failure of the vaccines to induce strong sustained immunity.
One patient with metastatic disease achieved tumour regression and was stable for
over a year. Although anedoctal, this can be considered encouraging, because at this
stage of disease such response is an exception. In the phase II trials, swelling and
redness skin reactions on the injection site were more severe, particularly in VIN
cases.
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2.3.4 P16 INK4a as a candidate vaccine target

The deregulated expression of the HR-HPV E7 protein results in very strong
over-expression of cyclin-dependent kinase inhibitor p16 INK4a (14). P16 INK4a
acts as a negative cell cycle regulator by inhibiting G(1) cyclin-dependent kinases
that phosphorylate the retinoblastoma protein and therefore block the progression
of the cell cycle from G(1) to S phase. Over-expression of p16 INK4a detection has
been extensively evaluated to improve the diagnostic reproducibility in histology,
but also to identify dysplastic cells in cervical smears or liquid-based cytology
specimens (15). This novel diagnostic approach may overcome some of the limitations
in primary cervical cancer screening. The consistent and strong over-expression of
the endogenous p16 INK4a suggested that this may also result in induction of an
immune response, not only against the viral antigens E6 and E7 but also against
peptides derived from the p16 INK4a protein. Thus, p16 INK4a may indeed represent
a therapeutic vaccine target for several HPV-associated cancers.

Oncogenic HPV infections take place in the basal differentiating cell layer of the
cervical epithelium, as shown by molecular detection using integration assays in situ.
At the same time, inactivation of Retinoblastoma protein (pRB) by HPV E7 results
in marked expression of the p16 INK4a kinase, as studied in vitro and in situ (16)
(Figure 3).

Figure 3: Inactivation of pRB by HR-HPV E7 results in marked
overexpression of p16INK4a

promoter p16INK4a promoter p16INK4a

RB E2F E7 RB E2FE7

Source: Adapted from Khleif et al. Proceedings of the National Academy of Sciences of the United States
of America (PNAS), 1996, 93:4350-4354. Courtesy of Dr von Knebel Doeberitz
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In high-risk HPV-induced CIN2 and CIN3 lesions, there is overexpression of p16.
P16 over-expression correlates with a lymphocytic infiltrate that includes activated
T cells in the stroma beneath the p16 positive epithelium, and some 10% of
cancer patients show anti-p16 antibody titres in serum. Tumour-infiltrating
lymphocytes isolated from CIN3 and cervical cancer were shown to recognize a
p16 HLA-A2-restricted peptide, and CD8+ cells from these lesions expressed CD69
and granzyme B and were cytotoxic. To test the possibility of improving immune
responses to transformed cells, Dr M. Von Knebel Doeberitz proposed a phase I/II
study of immunization with a P16-derived peptide administered alone or combined
with granulocyte macrophage colony-stimulating factor (GMCSF) in patients with
advanced cervical cancer. The primary objective of the study is to define toxicity
and possible autoimmune reactions to the p16 INK4a vaccination. The secondary
objective is to characterize antigen-specific CD8+ cells isolated from peripheral blood,
by the tetramer method, as to their capacity to respond to INF gamma stimulation.
Further, DTH test on the skin will be performed to characterize the level of
antigen-specific homing T cells elicited by vaccination, and their influence on the
disease course will be studied over time.

2.3.5 Therapeutic HPV vaccine development at GSK

A therapeutic vaccine candidate is being evaluated at the preclinical stage and is
composed of HPV16 E7 protein combined with a proprietary adjuvant. This vaccine
candidate has been shown to be effective in the TC-1 therapeutic mouse model.
In the study, mice were vaccinated at 7 and 14 days post tumour cell inoculation and
tumour growth was monitored up to 1.5 months post-inoculation. Tumour regression
was shown to correlate with CD8+T-cell responses, which were monitored using a
51Cr release assay (CTL) and immunohistochemistry.

2.4. Discussion

It was agreed that one of the key issues in HPV vaccine research towards prevention
and clearance of infections, and regression of pre-neoplastic lesions, is the
characterization of pre-existing cellular responses in the populations to be immunized,
as it may influence the outcome and protective levels of vaccination. The subjects at
highest risk for developing cervical and other HPV-related cancers are people with
persistent HPV infections and cervical intraepithelial neoplasias (CIN1–3). A vaccine
that is effective in a post-exposure context is needed, particularly because it may
have a more rapid impact on disease control, in contrast to prophylaxis only.
For instance, it is not yet known if latent HPV infections can be managed by vaccination
with L1 VLP based preparations. Efficacy and effectiveness, as well as associated
risks need to be demonstrated before these are recommended to HPV-positive women.
Public health systems should be in a position to offer alternative and more effective
options for cervical cancer control. It was speculated that post-exposure vaccines
could be given to women as incorporated into existing maternal care settings, perhaps
facilitating vaccination programmes as compared to vaccination of adolescents.
The potential target age group for such post-exposure vaccines is likely to be women
over 25 years old. The population or disease group targeted will influence delivery
issues, end-points and correlates.
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Knowing the disease status of groups to be vaccinated/treated will affect the viral
target antigens to be used in the vaccine development. The group of experts agreed,
for instance, that the early viral proteins E6 and E7 are likely targets in the treatment
of high-grade lesions, but E2, E1 and E4 could be targets in treating persistent
infection, or earlier stages of disease such as low-grade diseases and warts. In this
context, it was recognized that there are different levels of immune surveillance that
are violated by the viral infection, and it was agreed by the experts that successful
immune therapy may be inversely proportional to stages of lesion advancement
towards cancer. Thus, when designing vaccine research one should first consider
placebo-controlled trials of patients at earlier stages of HPV-related diseases,
rather than invasive cancers.

Outcome measures for efficacy of post-exposure vaccines should be based on
evidence for regression of disease, i.e. histopathology, reviewed by two independent
experts, incorporating other disease markers such as p16 INK4a and virology.
Partial response needs to be carefully defined. Low-grade diseases and persistent
infection will require viral clearance and cure. For high-grade disease and cervical
cancer a valid outcome may be improvement in lesion size and enhanced survival.
Based on preclinical experiments described above, the therapeutic antigens should
be delivered using adjuvants. There is a need to design assays that would measure
the responses that are expected to be positive.
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Therapeutic vaccines are designed to elicit antigen specific T-cell responses and
their mechanisms of action are predicted from preclinical studies, usually in rodents.
However, studies in humans have not proven that the vaccines will elicit similar
immune responses. Dr M. Stanley discussed the need to study destructive T cells
(CD4-IFN-ã +), cytolytic T cells (expressing ligand; perforrin granules),
and regulatory CD4 cells (IL-10, etc.). All of these will proliferate in the presence of
antigen. Thus, proliferation assays have been used to measure immune responses to
vaccines. HPV-infected cells secrete tumour necrosis factor (TNF) alpha and
interleukin one (IL-1) which in turn stimulate macrophages and transforming growth
factor (TGF) beta and IL-1-affected activated dendritic cells (DCs).  The activated
antigen-presenting cells stimulate Th1 responses which are believed to be effective
in clearing HPV. Technologies available for measuring immune responses
include: class I tetramers, to measure antigen-specific CD8+ cells; cytokine bead
array and multianalyte microspheres, to measure cytokine levels and
cytokine-producing cells; ELISPOT and delayed type hypersensitivity, for specific
Th1 responses. Each of these technologies has advantages, but in large-scale vaccine
trials cost and the labour intensiveness of the assays have to be considered.

The question arises as to what and where we will sample for cervical disease studies.
Peripheral blood mononuclear cells (PBMC), lesions tumour infiltrating lymphocytes
(TILS), dendritic cells, and draining lymph nodes are possible options. Efficacy trials
of LSIL or low-grade lesions will probably require large cohorts and be labour
intensive, and so technically sophisticated assays are precluded unless they can be
automated. Measurements of high-grade lesions will require smaller cohorts but more
sophisticated assays. Therefore for large cohorts, DTH and PBMC based studies
are preferably recommended. For studies on invasive cancer, cohorts are likely to be
smaller, and lesions are accessible for T cell and draining lymph nodes isolation is
possible.

What antigens should be used for CMI studies? Information gathered from animal
models show lymphoproliferative responses to early genes in the infectious cycle of
canine oral papillomavirus (COPV). T-cell responses to E2 are seen early on and
throughout the cycle, and as the wart grows, large amounts of E2, E6 and E7 are
expressed. However, as the wart begins to regress, measurable T-cell responses to
these antigens also decrease. Because this is a local infection, systemic responses are
difficult to measure even when large amounts of early protein are being expressed.
In the COPV model, vaccine studies with E1, E2 and E1/E2 show that E2 is an
optimal target for vaccine. Using an E1-adenovirus-based vaccine, Dr Stanley noted
that vaccination was able to elicit good lymphoproliferative responses to E1; however,
responses were highest when a booster was given. ELISPOT IFN-ã responses were

3. Cell-mediated
immunoassays: what to

measure and how and when
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also detectable. Other studies examined post-exposure vaccination in the canine beagle
model. Vaccines with E1 and E2 peptides protected against wart formation after
challenge. Two weeks after a boost, lymphoproliferative responses were seen.
Thus, E1 and E2 vaccines seemed effective and had measurable lymphoproliferative
and cytolytic T-cell responses in the COPV model.

3.1 HPV16 specific immunity in immunotherapy trials: practical issues

Spontaneously induced HPV16-specific immune responses were examined in various
studies as reviewed by Dr S. van der Burg. In a study of healthy volunteers,
blood was stimulated with HPV peptides for six days. Proliferation assays were
often found positive for E2 and E6 but seldom for E7. Hence E2 and E6 are major
targets recognized by healthy individuals. Using a cytokine bead array, it was found
that most of the cellular proliferation responses were associated with the production
of IFN-ã and interleukin 5 (IL-5), although mixed cytokine profiles were seen in
many of the individuals. Further studies isolating E2-specific and E6-specific CD45
RO memory Th cells showed that these responses were at least due to CD4 memory
cells. Studies in healthy individuals also showed that no single epitope seemed
particularly important, which is in agreement with the high variability in HLA (17).

In women with HPV16-positive cervical cancer, responses to HPV16 E2, E6 and
E7 were found in about 50% of the women studied. In patients with CIN3, the
response rate was lower and less frequent than in controls. In addition, cytokine
profiling showed that IFN-ã secretion was rare in cervical cancer cases. In summary,
most women with HPV16 seem to control viral infection due to CD4+ T-cell memory
against HPV16 early antigens; both IFN-ã and IL-5 associated responses were
common. Those women with CIN3 or invasive cancer, showed lower levels of
measurable systemic immunity against E6 and E7, and IFN-ã and IL-5 immunity
was impaired (18). In contrast, among VIN patients 50% showed IFN-ã immunity
against the early antigens. In a clinical trial with imiquimod, it was found that women
who displayed HPV16-specific IFN-ã-associated CD4+ T-cell immunity showed a
stronger clinical response upon topical treatment with immiquimod than the women
in the VIN3 group who did not show IFN-ã immunity (p<0.03). This suggests that
the HPV16-specific IFN-ã response plays an important role in immune protection.
Vaccination of women diagnosed with VIN3 using a single injection of TA HPV,
or using a strategy in which women were vaccinated three times with TA-CIN
followed by a TA-HPV booster injection, resulted in the regression of cervical lesions
in a number of cases. Immune response was measured by IFN-ã ELISPOT (4-day)
and the clinical response rate was significantly higher in the patient group displaying
vaccine-induced HPV16-specific type-1 T-cell immunity than in the patient group
who failed to mount such a response (p<0.05), which again suggested a major role
for the HPV16-specific IFN-ã-associated T-cell response.

Based on these results vaccine-induced immunity can be measured by the following
methods: IFN-ã ELISPOT (4 day) with 22-mer peptides, IFN-ã ELISPOT
(overnight) with exact peptide epitopes, fresh lymphocyte stimulation test,
Cytokine Bead Array on supernatants of proliferation assays, intracellular cytokine
staining for IFN-ã and IL-5 and CD4 and CD8, and extracellular staining for
IFN-ã and IL-10.
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In addition, the local infiltrating T cells before and after vaccination can be
characterized. A study using a peptide-vaccine candidate in VIN3 patients,
showed an induction of IFN-ã-secreting T cells in patients. It was concluded that
the HPV peptide vaccine was safe and that it appears to boost HPV immunity as
indicated by the high HPV16-specific T-cell frequencies (up to 1/400) and by T-cell
recognition of naturally processed antigens. The vaccine induced both HPV16-specific
CD4+ and CD8+ T-cell responses, as detected, by intracellular cytokine staining.
Some of the data suggest that strong ELISPOT responses to E6 and E7 could predict
the type of cells that are recruited to the lesion through vaccination. Biopsy of the
vaccination site may reveal the specificity of T cells with migratory capacity and
IFN-ã ELISPOT may predict the specificity of T cells migrating. It was also shown
that in tumours T suppressor cells could be present with the capacity to down regulate
T-cell immunity. Dr van der Burg concluded that in immunotherapy trials T-cell
responses should best be measured by these various assays.
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4. Harmonization of cell-
mediated immune assay

readouts

To allow direct comparisons of immune responses to different antigens either
between trials or between subjects in trials, standardized surrogate assays for assessing
effective HPV vaccine-induced immune responses may be helpful.

On the one hand, laboratory tests could be used to demonstrate that a subject was
successfully immunized. If so, one test, the simpler the better, such as antibody titres
or DTH, should be recommended. On the other hand, it may not be necessary to
standardize these tests as they would be trial specific. Laboratory tests to address
mechanisms of action could be done as post hoc analysis on stored material, if possible,
once there was demonstration of efficacy. They again would be vaccine specific,
and depend on the antigen used. For instance, DTH responses from an E7 vaccine
clinical trial was relatively specific.

Dr I. Frazer discussed the pros and cons of the following six sets of assays.

1) DTH testing in vivo using standardized antigen: Clinical grade peptide or
protein seems more reproducible and favourable to large studies,
but disadvantages are: the need for follow-up for up to eight days; application-
site skin reaction may be considered a negative element, reducing participation
rates; and clinical-grade peptides for this purpose are expensive,
raising regulatory issues in many countries.

2) Cytokine release assay in whole blood in vitro using standardized antigen and
protocols (1ml/antigen): Peptides and whole blood have advantages as to assay
robustness, are simple and do not require sophisticated laboratory facilities.
However, the type of cell response is unknown—natural killer (NK) cells,
CD4, etc. Using blocking antibody to select CD4+, CD8+, NK or other types
of cell, would help but increase the cost of the assays.

3) IFN-ã ELISPOT (5 ml blood/ag) or granzyme B offer alternatives: ELISPOT
assay laboratories are set up through Southern Africa successfully for HIV
trials, so infrastructure is available in such countries. But the assays require
expert laboratory facilities locally. An important factor, however, is that current
studies suggest that these assays may correlate with clinical outcome.

4) Intracellular cytokine staining has low practicability/feasibility, due to expensive
and high technology required.

5) Antibody detection could be standardized, though it is unlikely to represent a
relevant outcome for viral clearance or lesion regression.

6) Proliferation assays could use peripheral blood or local tissue/fluid.
However, numerous studies suggest that there is little correlation between
outcome, and a cytokine release assay should be used in addition.
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4.1 Discussion

A point was made by experts that the assays validated in the target populations
will depend on the effector mechanism of the vaccine candidate. However,
clinical outcome is the most relevant outcome. Correlates are needed for quality
control (i.e. making new vaccine batches down the road), but this would happen
once a product was close to licensure. Although trials might include only one
of the antigens (e.g. E7), it was recommended that studies should, when possible,
examine the three most attractive antigens, E2, E6 and E7, since cross reactivity and
pre-existing responses will be important.

It was agreed that it is important to study pre-existing cell-mediated immune responses
in target populations. Particularly useful would be DTH measurements, to compare
immune conditions internationally for the characterization of pre-existing in vivo
responses. However, safety and efficacy of antigenic material would need to be
addressed. It was suggested that a collaborative effort to evaluate the use of DTH
along with the other measures could be considered, following international evaluation
of in vitro assays. However, regulatory issues for a DTH based on synthetic peptides
could be complex and time consuming. The feasibility and regulatory issues of
providing GMP peptides for international DTH should be explored among interested
participants.
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The group agreed that it would be desirable to have a marker that equated consistent
immunogenicity and efficacy of novel vaccine candidates. The group concluded that
cytokine release assay using whole blood and ELISPOT IFN-ã (4-day) were
recommended as appropriate tests for use in vaccine trials. It was agreed that there
is a need for harmonization of HPV16 E2, E6 and E7 peptides that could be used for
both tests; and recommended protocols will be made available for the two assays.
The following sets of peptides were recommended for use: peptides from
HPV16: E2 30-mers (23 peptides), E6 22-mers (15 peptides), E7 22-mers
(9 peptides), in addition to L1 30-mers (33 peptides), which would be useful for
research with chimeric vaccines.

It was recognized that there is a need to set up reference laboratories that can show
that the recommended protocols and peptides can elicit similar results from the same
samples, whereby standard positive control reagent will be needed. Priority should
be given to groups that are doing clinical studies and where the proposed antigens
would be appropriate. All studies must be willing to report back the results to a
centralized data centre. Each study would be limited to measuring the assay in around
20 subjects per trial.

5. Recommendations
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protected against vaccine-preventable 
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