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THE RESEARCH PROJECTS

The Cancer Vaccine Institute (CVI) is the only national charity in the UK devoted exclusively to funding research into the development of immunotherapies, and in particular cancer vaccines.  The ultimate aim is that vaccines will increase survival rates and patients’ quality of life.  The CVI funds both laboratory research and clinical trials and is currently funding or will shortly start trials to develop immunotherapies for  malignant melanoma, brain and prostate cancers.  These cancers do not respond well to conventional treatments especially when they spread around the body (secondary cancers).

Research work is currently undertaken by Professor Angus Dalgleish and his team at St George’s University of London (SGUL).  Laboratory work and early clinical studies for dendritic cell based vaccines, both funded by the CVI and around the world, have demonstrated that good and occasional dramatic clinical responses can be achieved and that there are no significant side-effects.   

Immunotherapy explained.
There is a great deal of scientific and clinical evidence that indicates that the immune system is involved in the destruction of tumours. Any treatment that boosts immunity to a tumour is termed immunotherapy. These treatments include drugs that manipulate immune responses, but also vaccines that specifically target the immune response to tumours. Everyone is familiar with the vaccines that are given in childhood to prevent the establishment of a disease, but cancer vaccines differ in that they are given after the disease has become established. There are numerous reports of clinical benefit in approximately 30% of patients with different vaccines in a variety of tumour types.  However, there is still much research to be done in order to improve these vaccines.

One of the best approaches so far is the “dendritic cell” vaccine. The function of dendritic cells is normally to look for foreign material (for example from a bacteria or a virus) and then to use this material to instruct the immune system to fight off a particular disease. Scientists have hijacked the dendritic cell’s ability to pick up foreign material (antigens) in order to make vaccines: Dendritic cells can be taken out of the blood, exposed to tumour extracts in culture and then reintroduced into the body as a vaccine. The resulting dendritic cells can educate the immune system to respond to the tumour antigens and kill the cancer.

There is a huge store of knowledge about dendritic cells but this understanding must be converted into a clinical application. To this end much of the research done at SGUL aims to improve vaccines through understanding the best ways to culture dendritic cells. Our research programmes extend into compatible areas of immunology that may allow us to exploit other cells of the immune system (for example gamma-delta cells) and to prevent natural processes that normally suppress immune responses against a tumour.

Although historically only about 30% of patients derive clinical benefit to vaccine therapies, recent advances led to an understanding of some of the underlying reasons why vaccines do not perform better. Research into basic tumour immunology has shown that many aspects of a tumour’s natural progression protect it against attack through evasion or suppression of immune responses. Thus much effort is now being put into ways of improving vaccine therapies using approaches that overcome these innate problems. Another question that we and others are addressing is “which patients are going to respond to their treatment?” Many groups have embarked on research programs with a view to the development of tests for identifying responders to vaccine treatment, which in turn should improve the overall success rate of immunotherapy. Finally, although the proponents of chemotherapy and immunotherapy have long kept their studies separate it is becoming clear that these two approaches may, in some circumstances, be mutually compatible. In the future we stand to develop new treatments based not only on the standard “vaccine” approach but ultimately, with improved understanding of tumour biology, we may be able to manipulate the immune system to kill tumours with appropriate drug treatments.

Cancer vaccines have proven themselves to be effective and safe to such an extent that major interest has been shown by some of the big pharmaceutical companies and several important phase III clinical trials are currently planned or underway to test vaccines in lung, renal and colorectal cancer. In prostate cancer a phase III trial of a Dendritic Cell based cancer vaccine (Provenge) has demonstrated improvements in overall survival of patients. This vaccine is now very likely to be the first cancer vaccine to receive a licence for use in the USA giving hope that other such vaccines will follow. However, more research is required to develop these very useful technologies to the point of every-day clinical application.

THE CLINICAL TRIALS

The Aim of the Trials

The long term aim of all the trials funded by the CVI is to asses how well the vaccines work and how they can be further improved until an effective and safe vaccine is developed and becomes a standard treatment for a wide range of cancers.     

For each trial the patients will be monitored to see how their tumour responds to treatment and to ascertain whether there are any adverse effects of the vaccine. Importantly, in order to determine the potency of the vaccine, the immune response to vaccine will be determined for each patient. It is hoped that the data accumulated by the end of each trial will show that patients can live longer or have delayed progression of their disease and that they have a better quality of life. Depending on the results of each of the trials the vaccines will either be ready for further, larger, randomized multi-centred trials or other variables will have been identified so that another similar trial can be conducted to further improve the vaccine.
Vaccine for Malignant Melanoma 

The incidence of malignant melanoma is set to treble over the next thirty years making it the fastest increasing cancer in Britain (CRUK 2004).  Unless the disease is caught early, there is currently no effective treatment available particularly in metastatic disease where chemotherapy often fails.

Trial One

A Phase I/II trial funded by the CVI to investigate the efficacy of a dendritic cell vaccine for the treatment of stage IV malignant melanoma patients who had failed prior chemotherapy has already finished recruiting and data is being analysed to determine how well the vaccine has worked to stimulate immunity in these patients.  Results so far indicate that patients who have low volume disease and who are largely fit and well, apart from their tumour, have responded well to dendritic cell therapy giving longer survival times than those treated by other therapies. Even patients who have progressed through maximum chemotherapy have responded with stable disease. Responses were most marked in metastases of the lung. Patients reported minimal side effects (common side effects including transient and mild flu-like symptoms and tenderness at the site of vaccination) and an improvement in quality of life with an increase in appetite and subsequent weight gain.  Data from this trial will be collated and submitted as a manuscript to a peer-reviewed journal.

Trial Two

It is becoming clear that while some patients respond very well to vaccines, others do not.  Further research is needed to pin down the best formulation of the vaccine and to identify who will respond and who is responding once treatment has begun.   Using the data from trial one, in combination with the recent laboratory research data on dendritic cell loading and maturation, a new more effective trial protocol will be developed.    

The CVI has agreed to continue its funding for a new three year phase I/II melanoma trial.  Decisions about the final combination of treatments awaits the outcome of trial one.  However, it is expected that the new trial will involve some of the following approaches: increasing the effectiveness of dendritic cells; removing regulatory cells that damp down immune responses; increasing the effectiveness of the T cells that kill cancers; and combining the vaccine with chemotherapy. It is becoming apparent that vaccines could work much better in combination with other standard treatments and observations support this with marked unexpected responses to chemotherapy, radiotherapy, anti-angiogenic and anti-inflammatory treatments.  Use of vaccine in combination with chemotherapy at lower doses may also have fewer toxic side effects for patients.  
Aldara / IL-2 Trial – Malignant Melanoma


A phase I clinical trial, funded by the CVI finished last year. This trial determined the efficacy of Aldara cream topically applied to cutaneous (on the surface) and sub-cutaneous (under the skin) melanoma lesions. In some cases the Aldara cream was applied in conjunction with injections of IL-2 into the melanoma lesion. Clinical results for the trial have recently been published, showing that Aldara treatment was effective in controlling the growth of about half of cutaneous melanoma lesions. The lessons learned from the Aldara trial will be applied to later studies (see Hiltonol study below), possibly in combination with vaccine therapy. Case studies at SGUL have indicated that Aldara may work better when combined with subsequent radiotherapy. Studies to investigate these effects further are under discussion. In the meantime the application of Aldara has entered common use in our clinic and others.
A phase I clinical trial to assess the efficacy, safety and immunological effects of combining Hiltonol with IL-2.

As an adjunct to the Aldara studies we are working with Mike Fischer and his Oxford-based biotechnology company Systems Biology Laboratories, who had a large contribution to the previous Aldara trial, to develop protocols for a clinical trial using Hiltonol (a drug with similar properties to Aldara). We are also interested in the use of interleukin-15, which has recently been identified by the National Institute for Health as the most important drug to be developed for use in cancer immunotherapy. This drug, which is similar to interleukin-2 but is able to generate memory responses, may have more benefit in combination with Aldara. Protocols are currently being written for this trial and are expected to be submitted for peer review through the CVI’s advisory board later this year.
A phase I clinical trial to test the efficacy and immunological effects of Zometa given in combination with IL-2 in metastatic melanoma patients.
Previously published studies have demonstrated that a combination of Zometa (a drug given in metastatic disease) and IL-2 (an immuno-stimulatory agent) have synergy in prostate cancer. Our own observations suggest that sequential treatment with these drugs in melanoma may have some clinical benefit. Since Zometa is known to have immunological effects we intend to do a pilot study to look at the effect of this treatment on the activity of peripheral blood immune cells, principally gamma-delta T cells, in melanoma patients. This trial is subject to approval by the CVI’s Scientific Advisory Board.
A phase I clinical trial to determine the efficacy of unpulsed dendritic cells in cancer patients with solid tumours.
DCs that have been matured in the absence of a tumour antigen have the capacity to protect against tumours in animal models. Furthermore, a colleague (Dr Thomas Nesselhut) has had some success with off-trial treatment of patients using this vaccine. Prof Dalgleish’s group intend to look at the feasibility of a three year, phase I clinical trial to test this hypothesis. Costs for 20 patients can only be estimated at this point but are expected to be in the region of £300,000 to cover the cost of producing the vaccine and immunological monitoring. Protocols for this trial are under discussion and it is expected that these will be available for scrutiny by the CVI advisory board later this year.
Assessment of the efficacy of M vaccae treatment in patients with metastatic melanoma.
The CVI recently funded a number of studies which demonstrated the effectiveness of vaccination with M vaccae in the treatment of melanoma and lung cancer.   M vaccae is similar to the bacterium that causes tuberculosis, but in this formulation (produced to clinical trial standard and heat killed) is completely safe for use in humans.  The exact mechanism by which such the treatment works is unclear but it is likely that there is a non-specific recognition of M vaccae which stimulates the relatively suppressed immune system in cancer patients to respond to tumour antigens.  The company supplying the vaccine (SRL172TM) have discontinued production, but through a generous, anonymous donation production has begun again and a similar vaccine is expected sometime in the next 6 months.
There are currently plans for a two year phase I trial on thirty patients with malignant melanoma using M vaccae in combination, where appropriate, with low dose IL-2.  This initial trial will be done to batch test the new preparation for comparison with previous trials.  However, unlike previous trials the aim is to follow immune responses in order to understand the underlying biology in these patients.  As part of this work the CVI is supporting the work of a PhD student whose project is designed to look at the effects of treatment by monitoring the activity of gamma-delta T cells in the blood of patients treated on these clinical trials. There is no clear starting date for this trial since vaccine production is not within the control of Prof Dalgleish’s group. However, it is hoped that a trial of the vaccine may start sometime in 2009.  There are currently no other trials of this kind being undertaken.

A phase I clinical trial to assess the efficacy of a whole cell vaccine (Onyvax-p) in combination with an immuno-modulatory drug.
In the UK 1 in 14 men will develop prostate cancer in their lifetime.  Indeed, it is the most common form of cancer in men and is the second most common cause of death from cancer for men (Prostate Research Campaign UK).  It is currently treated with radiotherapy and hormone therapy and, if caught early enough, surgery.  However, patients that fail hormone therapy have little recourse to other treatment and there is a real need for other forms of intervention.

Long term financial support provided by the CVI has allowed a number of studies to proceed on whole tumour cell vaccination. Out of this original work a small biotech company, Onyvax, was born which has successfully developed a whole cell vaccine to a phase IIb clinical trial for prostate cancer in patients that have failed hormone treatment.  
The CVI has agreed to co-fund a further two year phase I/II trial to investigate ways to improve the efficacy of the Onyvax vaccine in combination with other agents that should, according to encouraging preclinical data, improve the outcome of the vaccine. These agents may include cyclophosphamide (which inhibits T regulatory cells and so aids the stimulation of the immune response) and doxycycline (which inhibits matrix metalloproteases, a class of enzyme involved in various aspects of tumour progression). 

Progress of this trial has been delayed while Onyvax finishes its current phase IIb trial. A start date therefore remains uncertain and negotiations to secure vaccine for clinical use are ongoing.
A phase II, randomised clinical trial to assess the effects of a dendritic cell vaccine on high grade glioma (brain cancer).
In the UK 16,000 people are diagnosed with a brain tumour each year.  It is the second most common cause of cancer mortality in the UK.  Aside from primary tumours, 20% of all cancers go on to develop a secondary tumour in the brain.  (Brain Research Trust 2007).  

Reports in the scientific literature suggest that dendritic cell vaccines have clinical effects in the most common type of brain tumour, malignant glioma, with patients raising immune responses to the vaccines. There is also anecdotal data from Professor Dalgleish’s clinical work to suggest that dendritic cell vaccines give good control of the disease.  

Professor Dalgleish is collaborating with a European consortium of academics who aim to do a multi-centre, randomised phase II clinical trial to test the efficacy of a DC vaccine in high grade glioma. The consortium recently applied to the EU for support but, due to the very heavy competition for these grants, was unable to secure funding. As a consequence the nature of this collaboration has changed and some members of the consortium are looking for alternative sources of funding. There is currently no starting date for these trials, but it is hoped that funding can be obtained (over and above the CVI contribution) and decisions can be made on clinical protocols such that the trial can proceed in the next 12 to 18 months.
THE PRE-CLINICAL RESEARCH

CVI funded staff are principally employed in the organisation and monitoring of clinical trials. However, they also carry out laboratory based, pre-clinical research which aims to improve our understanding of vaccine and immunotherapy approaches to the treatment of cancer.
Maturation of dendritic cells

The CVI is funding a project to investigate the optimal way to bring dendritic cells to maturity and at which stage of this process the dendritic cells can be loaded. There are a great range of variable factors which must be studied in order to provide the most optimal vaccine. We have recently expanded out studies to improve the quality of the data and we hope that a long awaited paper will be produced on this subject in 2009.
David Fine Memorial studentship; The influence of dying tumour cells on DC maturation

The CVI is currently funding a three year PhD studentship, which started in October 2006.  The David Fine Memorial studentship research is based on the idea that tumour cells, when treated in a way that makes them die, produce factors which activate an important immune cell; the dendritic cell. From previous research we know that tumours cells die, and make certain substances, when they are treated with two chemicals  that mimic the conditions of a viral infection. We have also shown that these substances induce changes in dendritic cells that are likely to make them better at stimulating an immune response. 

Using state-of-the-art technology a list of factors has been identified which are produced by dying tumour cells and which may contribute towards the activation of an immune response. This work is still in early stages and, although a large amount of data has been produced, the interpretation will take much longer. Other experiments are underway to demonstrate the effects of these dying tumour cells on dendritic cell activation. Understanding these processes may result in the development of drugs that can be used to target dendritic cells in the body and so help patients to generate immunity to their tumours.
This project ends in October and it is hoped that another three year studentship will subsequently begin, although the details of this project have yet to be settled.
Biomarkers to predict patient responses to immunotherapy
The field of immunotherapy has lagged behind the rest of the Oncology field in discovering new biomarkers specific to vaccine treatments. Biomarkers represent a way of understanding what is happening clinically to a patient. Often these represent a test which predicts the outcome of a type of treatment or which is used diagnostically when it is difficult to see the tumour (for example PSA in prostate cancer).

We have been analysing the serum from the patients who were on the dendritic cell vaccine. Initial results suggest that we maybe able to predict which patients will benefit by applying a test prior to vaccination. This would obviously be of great advantage since it would clarify whether patients have a chance of responding to the vaccine at an early time point. These results are still very preliminary and we are in the process of expanding the data to make this work publishable. Furthermore, SGUL is looking at the possibility of patenting this data. Therefore the nature of the data is confidential and we cannot disclose any detailed results at the present time.

We have also made the unusual observation that DC vaccination seems to bias the subtype of antibody produced in patients who respond clinically to the vaccine. We have been expanding these studies and are looking for potential specificity of these antibodies to answer the question; does DC vaccination lead to antibodies that recognise tumours or is this effect wholly non-specific. This might provide one other explanation for the effect of DC vaccination. These studies are still in early stages and we expect it will take another year to see any publishable results.
Investigation of the effects of M vaccae in vitro on cells of the innate immune system.
Gamma delta cells are a type of T cell which recognise and kill tumours. It is well known that factors produced by bacteria also stimulate these cells. Thus we believe that it may be possible to stimulate gamma-delta T cells with bacteria in the laboratory. In particular we are interested in using those bacteria that have already been shown to have some anti-cancer effects (BCG and M vaccae). A technician in our laboratory has demonstrated that mixing these bacteria with gamma-delta cells extracted from human blood does indeed lead to stimulation of gamma-delta cells. These studies will be ongoing for some years but the preliminary data is encouraging and point towards several important possibilities; (1) that the stimulation of gamma-deltas by bacteria explains, in part, the effectiveness of BCG treatment in bladder cancer and M vaccae in lung and melanoma; (2) that we may be able to identify components of the bacteria that do this; (3) that this may lead to a method of specifically stimulating gamma-delta cells outside the body to be used as a therapy in cancer patients. These studies fit in with our other clinical interests (see above for Zometa + IL-2 trial and M vaccae trial).
Preclinical assessment of drugs with immuno-modulatory activity

In January 2009 a new 1 year post-doctoral project began to assess the effects of standard chemotherapy drugs on immune response. This is an important area of development within the field of immunotherapy since it is now clear that many standard treatments for cancer may have hitherto unsuspected immunological effects. The project has begun by assessing the effects of a short list of drugs on standard immunological markers. Astoundingly several chemotherapy drugs have effects on tumours cells that are likely to make them more susceptible to immune attack. In addition we have shown surprising effects of standard chemotherapy drugs on cells of the immune system. This data is very preliminary and more work is needed to understand that nature of these interactions between drugs and the immune system. It is hoped that these studies will allow us to differentiate between chemotherapies that have negative impacts on the immune system and those that may be candidates to use to improve the efficacy of immunotherapy.

Although our work does not focus on chemotherapy per se, the observation that chemotherapies may have synergy (i.e. may work in unison) with immunotherapy has led us to a collaboration with colleagues here at SGUL to determine the effects of drugs previously used for malaria but which may have applications in a cancer background. We have shown that these drugs are able to induce “apoptosis”, a form of cell death, in tumour cells. Whether these dying cells are suitable to use in a combination approach or for formulation of a vaccine remains to be determined.
Immune responses to tumour loaded DCs

A one-year post-doctoral project has just received approval from the CVI’s Scientific Advisory Board. This project aims to investigate the effects of apoptotic (dying) tumour cells on dendritic cell maturation and to understand the effects of these DCs in stimulating T cell responses. In combination with results from the David Fine Memorial PhD studentship, this project is expected to provide data that will lead to a novel approach to DC vaccine design.
The influence of anti-malarial drugs on tumour cells 

In line with other work to look at the effects of drugs on the immune response we have embarked on a collaboration with Prof Sanjeev Krishna at SGUL to determine the effects of a range of anti-malarial drugs on tumour cells in culture. The initial results have indicated a mechanism by which these drugs work. In the meantime these drugs are about to enter clinical trials in colorectal cancer patients and it is hoped that samples can be obtained to look at the immunological effect of treatment. Although the laboratory phase of this project is underway and is likely to finish later this year, it is unclear when samples will become available from patients on clinical trials.
Immunology of colorectal cancer.

A small laboratory project is being funded for an MD student to look at the effects of surgery on various parameters of the immune response in colorectal cancers. Our previous work demonstrated that some aspects of immunity alter directly after surgery. This project will focus particularly on the effects on T-regulatory cells which are known to damp down immune responses and aims to determine whether surgery alters immunity through these cells. Results are expected later this year.

Full details of the projects in either laymen’s or scientific terms are available on request.  Further information is also available on www.cancervaccine.org.uk or by contacting Emma Appleyard 0845 602 0662, emma@cancervaccine.org.uk
�








PAGE  
1

