“Tumor Immunotherapy”

As it applies to cancer, immunotherapy might be considered a revolutionary form of medicine but its roots actually go back as far as 1778, when Edward Jenner, an English physician, administered the first vaccine, which was targeted against smallpox.

 Tumor immunotherapy is an anticancer approach in which the patient’s immune system is either prodded or cajoled to fight tumors. Over time, our understanding of the immune system and tumor immunology has increased and this has enabled scientists to develop the ability to apply specific immunotherapies designed to enhance the immune response of a particular patient against unique targets.

Origin of Immunotherapy:

 The connection between cancer and the immune system was first uncovered nearly 100 years ago. In the early 1890s, Dr. William B. Coley, a New York physician, became intrigued by the dramatic disappearance of malignant tumors that he observed in cancer patients who had contracted acute streptococcal infections. Suspecting that the onset of bacterial infection was in some way responsible for the regression of the tumor, he decided to try an experiment in which he injected live streptococci into a patient with inoperable cancer to see whether the patient’s tumor would regress. After he had tried administering three different bacterial cultures to the patient, he finally injected a fourth that resulted in the complete disappearance of the tumor.
Dr. Coley continued to pursue his approach and ultimately developed a mixture of killed bacteria that became known as Coley’s mixed bacterial toxin. He and other physicians treated over 1,000 cancer patients with this substance, with varied success. His results were unpredictable however, and neither he nor the medical community at large could explain precisely why his mixture worked in some patients. This was due to the fact that the science of immunology was in its rudimentary stages at that time. Thus, his results were disregarded and virtually forgotten for years.

Scientific interest in Coley’s work has been accumulating since his daughter, Helen Coley Nauts, started compiling and disseminating information on his remarkable observations. Gradually, scientists began to understand that Dr. Coley’s had stimulated certain immune cells to kill the cancer cells directly or through cancer-killing factors. With the founding of the Cancer Research Institute by Mrs. Nauts in 1953, resources were provided to pursue research into the link between cancer and the immune system. Today, cancer immunology is a rapidly advancing field and Dr. Coley has come to be regarded as the “father of cancer immunotherapy.” 
Targets For Cancer Immunotherapy:

Recently many potential targets for cancer immunotherapy have been identified. These targets can be grouped into two major categories: 

· Tumor-specific antigens (TSAs) 

· Tumor-associated antigens (TAAs)

Tumor-Specific Antigens

TSAs comprise gene products that are uniquely expressed in tumors.

Examples:

(1) Point-mutated ras oncogenes: Three mutations at codon 12 represent the vast majority of ras mutations, which are found in approximately 20 to 30% of human tumor. Since the ras protein is not found on the cell surface, one can envision vaccine therapy directed against major histocompatibility complex (MHC)-peptide complexes on the cell surface. One good reason to consider ras gene products as targets for immunotherapy is that ras mutations occur early in the transformation process

(2) Mutated p53 suppressor genes: Mutations in the p53 suppressor gene are attractive targets for immunotherapy although their use is not without several disadvantages. One drawback, in particular, is the vast number of mutations that span across four exons, which lead to a situation where almost every patient would require a specific immunotherapy regimen. It is now known that the normal p53 gene is over expressed in tumors containing p53 gene mutations. Therefore, over expression of the normal or wild type p53 protein may be a more promising target for immunotherapy.

(3) Anti-idiotype (Id) antibodies (Abs): B-cell lymphomas over express a single immunoglobulin variant on their cell surface; therefore, each B-cell lymphoma displays a unique target for immunotherapy.

(4) Products of RNA splice variants and gene translocations: The gene products of RNA splice variants and DNA translocations represent unique fusion proteins that can be specific targets for immunotherapy; these include c-erb-B2 RNA splice variants and the bcr/abl product of DNA translocation of chronic myelogenous leukemia

Tumor-Associated Antigens

TAAs can be categorized into five major groups:

(1) Oncofetal antigen: They include the carcinoembryonic antigen (CEA), the breast cancer mucin MUC and prostate-specific membrane antigen (PSMA). They can be over expressed in tumors and may be expressed in some normal tissues. These antigens are also found in fetal tissues. Thus, two opposing arguments can be made against using oncofetal antigens as targets: (1) because these antigens are expressed in fetal tissue, a state of thymic and/or peripheral tolerance to them in the host may exist, but (2) too much immunity to these antigens, as a consequence of vaccination, may lead to autoimmune states.
(2) Oncogene products: Example is nonmutated HER-2/neu26 and p53. They are similar to oncofetal antigens in that they can be over expressed in tumors and may be expressed in some fetal and adult tissues. Thus, the arguments raised against oncofetal antigens may also apply to some nonmutated oncogene products.
(3) Tissue-lineage antigens: Tissue-lineage antigens are expressed in a tumor of a given type and the normal tissue from which it is derived. Example - PSA, MART-1/Melan A, tyrosinase, gp100 and TRP-1 (gp75). They are expressed in a tumor of a given type and the normal tissue from which it is derived. Tissue-lineage antigens are potentially useful targets for immunotherapy, if the normal organ/tissue in which they are expressed is not essential, such as the prostate, ovary, or melanocyte.

(4) Viral antigens: Several viruses are associated with the etiology of some cancers. An excellent example of this connection is human papilloma virus (HPV) and cervical cancer.

Different Immunotherapies against Cancer:

The prevailing techniques of tumor immunotherapy can be divided into two broad groups:

1. Nonspecific Immunotherapy:

Nonspecific immunotherapy refers to therapies that can stimulate the immune system by using a substance that activates or enhances immune cell function regardless of their antigen specificity. 

In the early days of immunotherapy, many non-specific immunostimulants were tested as antitumor reagents in their own right, but today their use in this way has declined. The majority of these substances are now recognized for the supporting roles they play such as enhancing cellular communication between immune cells and therefore are being tested for use in combination with antigen-specific immune stimulation

Examples of nonspecific immunotherapeutic reagents: 

a. Bacille Calmette-Guerin (BCG) therapy:
In the early 1970s, it was found that the administration of weakened forms of a mycobacterial strain called Bacille Calmette-Guerin (BCG) had anticancer effects. During this period, the CRI awarded one of its grants to Dr. Alvaro Morales for his BCG research. The work of Dr. Morales paved the way for the use of this agent as standard therapy worldwide. Prior to its use as an anticancer agent, the live and potentially infectious form of BCG was used as an effective vaccine against tuberculosis. After extensive clinical testing, the efficacy of BCG against a few cancers such as metastatic melanoma and certain types of early bladder cancer were established: so much so, that today BCG is the treatment of choice for early forms of bladder cancer. Like other nonspecific immunotherapeutic agents, scientists do not know the exact mechanism by which BCG generates anticancer immune responses in certain patients but they speculate that BCG probably activates both macrophages and lymphocytes. With modern techniques, scientists have been able to separate BCG into separate components, which on their own have been shown to have anticancer effects. Despite this, the most useful application of BCG (either used whole or fractionated) is as an adjuvant or supplement to other forms of therapy. 

b. Cytokines:

Laboratory studies have shown that the use of cytokines in immunotherapy can lead to the destruction of tumors by one of two general mechanisms: 

(i) A direct antitumor effect: Cytokines such as tumor necrosis factor (TNF) alpha, interferon (IFN) alpha, IFN-beta, interleukin-4 (IL-4), and IL-6, interact directly with tumor cells, inducing the latter to either commit suicide or stop further growth. Although these cytokines are effective when given as single agents, the administration of a cytokine cocktail can be even more potent as an anticancer agent due to the synergistic effect accruing from all the different cytokines. Although some cytokines can have dangerous side effects, for instance, TNF-alpha and IL-6 are able to suppress the growth of some tumors while actually promoting the growth of others so the immunotherapeutic use of cytokines demands great care.

(ii) An indirect enhancement of the antitumor immune response: The cytokines that fight tumors via the indirect mechanism do so by stimulating immune cells to fight tumors through a variety of different pathways. For example, a cytokine such as IL-2 promotes T-cell and natural killer (NK) cell growth. Other cytokines such as the interferon and granulocyte–macrophage colony-stimulating factor (GM-CSF) can act on professional antigen-presenting cells (APCs) and increase the production of important immune molecules such as MHC molecules and immune co-stimulators such as B7 that have important roles in facilitating the activation of lymphocytes. Although more clinical trials are necessary to determine the right dosage and to predict immunological responses in the more complex environment within humans, currently, a number of cytokines have proven effective in cancer therapy. 
For example, in patients with metastatic melanoma or renal cell carcinoma, the administration of intravenous IL-2 can induce objective tumor regression in 17 percent and 20 percent of cases, respectively. Also, clinical studies have shown that combining IL-2 with other cytokines, such as IFN-alpha, can lead to a synergistic response. The US Food and Drug Administration (FDA) have approved IL-2 for the treatment of both of these cancers. IFN-alpha is also FDA approved for the treatment of malignant melanoma, chronic myelogenous leukemia (CML), hairy cell leukemia, and Kaposi’s sarcoma. The FDA has approved both GM-CSF and G-CSF because they have been shown to promote the revival of the immune system (following chemo/radiation therapies) and improve patient survival. Recently, advances in biotechnology have allowed scientists to clone the genes of cytokines leading to the large-scale production and administration of cytokines to cancer patients. Due to this advance in biotechnology, a large number of cytokines, including IL-1, IL-4, IL-6, IL-7, IL-11, IL-12, macrophage inflammatory protein (MIP)-1-alpha, IFN-beta, and IFN-gamma, are currently being tested in humans for anticancer therapy. 

c. Cell therapy:

The transfer of live, whole cells into patients can also be used to achieve non-specific immunotherapy against cancer. For example, in patients with metastatic melanoma, human peripheral blood mononuclear cells (PBMCs) can be isolated and fed with IL-2 to generate a class of cells called lymphokine-activated killer (LAK) cells. When a combination of LAK cells and IL-2 are given to patients with either advanced metastatic melanoma or renal cell carcinoma, complete tumor regression can be achieved in about 10 percent of cases. 

2. Antigen Specific Therapies:

Mainly this can be attained by two methods:  

a. Adoptive Transfer:

Adoptive transfer means the physician directly transfers into the patient, the actual components of the immune system that are already capable of producing a specific immune response.

Adoptive transfer of cells for cancer immunotherapy can be applied in two ways -

(i) Adoptive transfer of T cells and LAK cells:
Adoptively transfer of LAK cells with the addition of IL-2 in patients with advanced melanoma achieved antitumor activity. However, comparable results were subsequently seen with IL-2 alone. And also the effects of TIL in melanoma patients and in renal cell carcinoma patients showed antitumor activity in the presence of IL-2 were shown.

While clearly efficacious, there are some obstacles to this particular form of adoptive transfer

(1) Isolation of TIL cells from each patient's tumor at surgery.

(2) Growth and propagation of TIL in vitro. 

(3) Toxicity of high-dose IL-2. TILs have also been used to identify novel TAAs.

Another approach to cancer immunotherapy is Adoptive transfer of genetically engineered T cells. Recently, T cells have been transfected with retroviral vectors containing antitumor mAb genes that have been ligated to the zeta-chain of the TCR. Such re-engineered T cells have been shown to take on the specificity of the antitumor antibody molecule while mediating antitumor effects via the activated T cell. Clinical studies using this approach are ongoing.

Adoptive transfer of epitope or antigen-specific T-cell populations has proved clinically effective in the therapy of viral diseases like Cytomegalovirus (CMV) disease and EBV-positive immunoblastic lymphoma. In a number of recent research efforts, peptides plus IL-2 were used to stimulate epitope-specific T cells directed against TAAs. The CTL lines generated were shown to maintain their phenotypic markers and retain their ability to lyses tumor cells expressing those determinants. Thus, adoptive transfer of epitope-specific T cells directed against tumor associated antigenic determinants may eventually be one way to overcome anergy in patients with advanced cancer

(ii) Adoptive Transfer of Antibody:
Monoclonal antibodies (MAbs) constitute highly pure populations of immune system proteins that attack specific molecular targets. Their role in anticancer therapy can be likened to that of heat seeking or guided missiles. In this sense, monoclonal antibodies tipped with poisons or radioactive isotopes can home in on tumor cells and deliver their deadly payloads; thus, selectively wiping out cancer cells. By the late 1970s, scientists had shown that monoclonal antibodies could be targeted to tumor cells. Since then, numerous animal and human studies have shown that antibody administration can mediate tumor regression in some patients. Although scientists are not quite sure about the exact manner by which antibody therapy works, they think the antitumor effect may be achieved via two different mechanisms: 

a. The activation of the complement system 

b. By the use of antibodies to mark these tumor cells for destruction. 

These two mechanisms need not be mutually exclusive. It has been speculated that the binding of antibodies to the target tumor cells may compel the latter to either stop growing (antiproliferative effect) or commit suicide (apoptosis). The interest in antibody therapy has been such that by the 1970s, a revolutionary technique called hybridoma technology had been developed to mass-produce antibodies. Since this breakthrough, there has been considerable progress in our ability to exploit antibodies therapeutically against cancer. To date, the FDA for use in cancer treatment has approved two antibodies. Rituxan is specific for an antigen called CD20, which can be found on the surface of both normal and malignant B-lymphocytes. In a phase III clinical study, 50 percent of patients with non-Hodgkin’s lymphoma (NHL) responded to Rituxan. Herceptin is the other FDA-approved antibody and it is specific for the human epidermal growth factor receptor 2 (HER2) protein. HER2 is over-expressed in 25-30 percent of primary breast cancers and it has been shown to be effective against this disease in phase III clinical studies. 

Despite these promising advances, antibody therapy has certain disadvantages that have limited its use as a tool against cancer. The main limitation is that since bulky tumors tend to be inaccessible to antibodies, the use of this technique has been limited to tumors that are relatively small in size. On the plus side, antibodies are almost never toxic so this bodes well for their continuous use in the fight against cancer.

b. Cancer Vaccines: 
New milestones in the development of recombinant vaccines have recently been achieved. These new levels of achievement are due to

· Gene discovery of vaccine targets

· Identification of T-cell subsets and their mode of action in the immune response

· Development of new assays including the ELISPOT assay, the use of tetramers, and the analysis of intracellular cytokines by flow cytometry or RNase protection analysis to analyze the efficacy of vaccines

· A new understanding of dendritic cell (DC) biology

· Identification and analysis of a series of co stimulatory molecules

· Identification of immunodominant epitopes and the development of agonist epitopes to increase their immunogenicity

· The use of cytokines, chemokines and other immunostimulants as adjuvant in vaccine development

· The use of new vectors, both viral and bacterial, for vaccine delivery

· An awareness that diversified prime and boost protocols may be more efficacious than the use of any one type of vaccine

Types of Vaccines

Many vaccine delivery systems have been analyzed in experimental models and are now in the clinic. Each of these systems has its advantages and disadvantages, and one may eventually find that some of these modalities are most beneficial when used in tandem.

a. Whole Tumor Cell Vaccines:
There are two major categories of whole tumor cell vaccines: (1) Autologous (i.e., manipulating the tumor from a patient into a vaccine for that patient), and (2) Allogeneic (i.e., in which tumor cells from other patients, usually from established tumor cell lines, are used). 

The major advantage of using whole tumor cell vaccines is that several TSAs or TAAs, as yet undefined, may be present in the vaccine preparation. 

Major disadvantages includes

(1) The vast majority of human tumors, with the exception of hematopoietic malignancies, does not express co stimulatory molecules and thus would not activate naive T cells to levels capable of inducing therapeutic responses.
(2) We now know using this approach what the immunogenic proteins or epitopes are. Therefore, it is difficult to measure immune responses and to amplify those specific responses.

b. Autologous Whole Tumor Cell Vaccines:
The advantage of this approach is that the putative TSAs or TAAs of the tumor are present in the vaccine preparation. For example, if a patient's tumor is found to have a unique p53 mutation or splice variant, an autologous whole tumor cell vaccine may be the only vaccine therapy that is efficacious. However, preparing this vaccine requires an enormous amount of effort. Fresh tumor needs to be obtained during surgery and prepared in a similar manner for each patient. In addition, tumor masses will differ in terms of percentage of tumor cells, degree of necrosis, and other factors. Indeed, a great deal of effort has been expended in preparing a vaccine consisting of whole tumor cells obtained during surgery, x-irradiated, and administered to patients admixed with BCG.

c. Allogeneic Whole Tumor Cell Vaccines:
These vaccines, which usually employ one or more tumor cell lines, are relatively easy to prepare, compared with autologous vaccines. These preparations may also contain several TSAs and/or TAAs. Moreover, the cell lines used in the preparations can be infected with vectors containing cytokine genes (such as GM-CSF) or co stimulatory molecule genes, such as B7-1, to enhance their immunogenicity. A disadvantage in the use of allogeneic vaccines prepared from whole tumor cells is that they do not constitutively express co stimulatory molecules. Moreover, one can always make the case that since allogeneic cells are used, alloimmunity to nonself components may develop. However, this was not the case in early clinical trials, which include studies using oncolysates (i.e., tumor cell preparations that had been infected with vaccinia virus and then lysed in an effort to enhance their immunogenicity). More recent studies have used cell lines transduced with GM-CSF.

d. Direct Injection of Cytokine Genes or Co stimulatory Molecule Genes into Tumor:
Two signals are known to be required for the efficient activation of T cells. The first signal is mediated through a MHC-peptide complex on the cell surface of the APC, which binds to the TCR on the T cell's surface. In most cases, in the absence of interleukin (IL)-2 production, this interaction alone will lead to T-cell anergy. The second signal involves the interaction of a T-cell co stimulatory molecule on the surface of the antigen-presenting cell (APC) with its ligand on the surface of the T cell. The most studied of the T-cell co stimulatory molecules is B7-1, which has been shown to interact with two ligands on the T-cell surface (CD28 for up regulation of T-cell function, and CTLA-4 for down regulation of T-cell function). Numerous studies have shown that the addition of B7-1 to a non- or poorly immunogenic tumor will make it more immunogenic. This phenomenon has also occurred when other co stimulatory molecules, such as ICAM-1 and LFA-3, have been added to tumors. Thus, one can envision the direct injection of a vector containing a co stimulatory molecule into a tumor mass to induce an antitumor immune response. It should be pointed out that a co stimulatory molecule must be on the surface of the tumor to induce an immune response, but it does not have to be present on the tumor for the T cell to kill the tumor cell. The advantage of this direct-injection approach is that the "vaccine" is the patient's own tumor, which may express a unique TSA or TAA profile. Cytokines can also be introduced into the tumor mass using vectors as delivery vehicles, as in the case of a recombinant vaccinia virus expressing granulocyte-macrophage colony stimulating factor (GM-CSF) that has been directly injected into melanoma lesions.

e. Proteins:
Proteins, fusion proteins, glycoproteins, and even glycolipids have been used as vaccines for human cancers. These protein-based vaccines have the advantage of not containing normal cellular components, as do whole tumor cell vaccines. However, one of the disadvantages of this approach is the cost associated with producing and purifying these proteins. Proteins and glycoproteins are almost always given with some type of adjuvant formulation to help their incorporation into professional APCs. In some cases, combinations of proteins are used as immunogens. Recent studies along these lines include the use of PSA in liposome, CEA protein in combination with GM-CSF, sTn glycoprotein, GD2, GM2, and GD3. These latter preparations, given to melanoma patients, have shown efficient induction of antibody responses that may be extremely important, in the induction of antitumor immunity.

f. Peptides:
Two major types of peptides induce an immune response by interacting with the appropriate class of the MHC molecule on the APC surface. Peptides typically of 8 to 11 amino acids in length, if they possess the appropriate binding motifs, will bind to class I MHC molecules. These peptide-MHC complexes will interact with the TCR to activate CD8+ T cells, CD8+ cells, termed cytotoxic T lymphocytes (CTLs), and are usually responsible for tumor cell killing. Peptides of approximately 11 to 15 amino acids in length, if they contain the appropriate binding motifs, will bind to MHC class II molecules on the surface of APCs. This will lead to the activation of CD4+, or "helper," T cells. The principal function of CD4+ cells is to produce cytokines and to help promote activation of CD8+ T cells. These "MHC-restricted" responses are, thus, effective only if the appropriate MHC allele is present in a patient. 

Using peptides as immunogens has many advantages

(1) Whole proteins may contain parts of the molecule that are shared with normal cellular proteins, and the use of peptides minimizes the potential for induction of autoimmunity.

(2)  Preparation is easy and affordable

(3)  Since the immunogen is extremely well defined, the immune response can be analyzed in several ways and quantities using the assays. 

(4)  Tetramers, which are molecules that contain specific peptides bound to MHC components, can be used to bind to, and isolate, specific T-cell responses induced in the host.

(5)  Tumors can be stripped of peptide-MHC complexes, and those peptides displayed on the surface of tumors can be identified.

(6)  Peptides can be modified to be more immunogenic in the generation of peptide agonists.

The specificity that makes a peptide vaccine attractive can also be a disadvantage. For example, a CTL epitope peptide may induce a CTL response that is short lasting because of the lack of "help" provided by helper peptides. Moreover, peptides are useful only in the vaccination of patients who have that specific allele (e.g., for only 50% of the population that has the HLA-A2 allele for an HLA-A2reactive peptide). Combination peptides might be the answer to this situation. A large clinical experience in the use of peptides as cancer vaccines is now emerging. Some peptides under study include HPV, ras, HER-2/neu, MAGE, MART-1, tyrosinase, CEA, MUC-1, and PSMA among others.

g. Anti-idiotypes:

The idiotypic network is involved in the control of immune regulation. B-cell lymphomas present unique immunoglobulins on their cell surface, which make exquisite targets for immunotherapy. Anti-Id mAb vaccines have been quite successful clinically for this malignancy. The specificity inherent in these vaccine strategies is, however, both an advantage and disadvantage (i.e., different B-cell lymphomas will display unique idiotypes on their cell surface).

The concept of exploiting the idiotypic network has also carried over to the treatment of carcinomas. In the clinic, an anti-Id mAb that was prepared against an anti-CEA mAb has been used as a vaccine approach. In preclinical studies, this vaccine approach has demonstrated antitumor activity. In clinical studies, the use of the anti-CEA anti-Id has led to the generation of anti-CEA antibody responses and anti-CEA proliferate T-cell responses in patients with colon carcinoma. Stable disease has also been noted in these patients. The injection of an anti-CA mAb in patients with ovarian cancer has led to the induction of Ab2 and Ab3 anti-Id antibodies. The Ab3 antibodies were shown to kill ovarian tumor cells via an Fc-mediated mechanism.

h. Dendritic Cell Vaccines:
The DC is considered the most potent APC and, therefore, one of the most attractive means of immunization. We can employ DCs by

(1) Loading with a peptide, protein, or anti-Id Ab.

(2) Infecting with a viral vector. 

(3) Loading with apoptotic bodies from tumor cells.

The major disadvantage of this approach is the great cost and effort involved. One must obtain large amounts of peripheral blood mononuclear cells (PBMCs) from patients via leukophoresis. The PBMCs must then be cultured for several days in the presence of cytokines, such as GM-CSF, IL-4, and/or TNF-, and then re-infused into the patient. This must be done for each patient. In clinical trials, DCs loaded with anti-Id Abs for B-cell lymphoma cancer patients have proved quite successful, resulting in clinical remissions. Other studies using peptide-loaded DCs are under way.

Advantages of Immunotherapy:

The most salient point of immunotherapy as an anticancer agent is its exquisite specificity. The reliance of this technique on naturally occurring biological molecules to augment the immune system means that of all the scientifically validated methods for treating cancer, immunotherapy seems to be the most natural and friendly to the patient, there in lies the uniqueness and promise of cancer immunotherapy. It is well established that early detection of cancer is extremely important in the management and successful treatment of the disease. By taking advantage of the tremendous recognition capacity of the immune system, immunotherapists hope to develop much more sensitive and effective cancer diagnostic tools

Future Of Immunotherapy:
The future of cancer immunotherapy continues to be a promising one with an increasing number of new discoveries and techniques. Although our understanding of the human immune system is at a very advanced stage compared to the state of immunology during Coley’s lifetime, we are yet to obtain a complete understanding of this complex system. The reason why cancer immunotherapy is not yet in widespread use is that we do not know all there is to know about the human immune system. Despite this limitation, a lot of progress has been made in the field since the advent of Dr. Coley’s vaccine.

In the future, cancer immunotherapies are expected to become a treatment option for cancer alongside the traditional methods such as surgery, radiation and chemotherapy. Used in combination with these three traditional methods, immunotherapies may increase the likelihood of long-term remissions for cancer patients. For example, the administration of immunotherapies to patients who are at a high risk of recurrence after surgery and other treatments may stimulate the immune system to destroy cancer cells left behind (micro metastases) and responsible for future recurrences. Studies are already underway that examine the use of immunotherapy in conjunction with radiation and chemotherapy to increase the effectiveness of patient responses.
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