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The Immune Defense
The immune system likely eliminates some malignant cells to a certain extent. It is likely that if immunity hasn't taken care of a cancer situation by the time of its discovery, it isn't likely to be enough to do it after. The immune function does play a role in cancer defense and lack of a competent immune function is a definite negative factor.  However, the challenges to the immune system by cancer are difficult due to  

· unusual surface markers on early cancer cells can have that attract immune cell, which are shed later in the lifetime of the tumor making the cancer cells “invisible” to the immune system.

· secretion of immune function inhibiting substances by cancerous cells (i.e. hCG)

· direct killing of  lymphocytes by cancerous cells through the same mechanism that lymphocytes use to kill cancer cells.

Natural killer cells are considered the first line of nonspecific defense against cancer.  

Biologic Cancer Therapy

Immune Adjuvants

Immune adjuvants are substances that nonspecifically enhance the immune response to antigens.  

· bacterial products:  cell wall components or complete organisms

· polysaccharides (glucans)

· immunogenic proteins

· haptens

· synthetic products

Immunomodulators

Immunomodulators are substances such as thymic hormones, levamisole and the cytokines (interleukins, colony stimulating factors and interferons).  

· Thymic hormones:  promote the proliferation and maturation of T cell precursors.  Thymic hormone research has been focused on restoration of the immune system after immunosuppression with chemotherapy or radiotherapy.  Some increased survival has been observed in non-small-cell lung, breast and ovarian cancers.

· thymosins (,(
· thymosin fraction 5 (TF-5)

· thymopoetin pentapeptide (TP-5)

· levamisole:  synthetic antihelminthic with immunostimulatory properties.  

Cytokines

Cytokines are known to have accessory function in the generation of T-cell-mediated immunity with application to cancer immunotherapy under the theory that cytokines may be deficient in a tumor-laden patient.  Furthermore, T-cell recognition in the absence of cytokines can lead to anergy.

Inflammatory/T cell reactive cytokines

Note: Melanoma and renal cell carcinoma appear to be the most susceptible cancers to immune function.

	Cytokine
	Source
	Action
	Response Rate
	Upregulates/ Downregulates
	Regulated By…
	Clinical uses
	Toxicity

	IL-2
	Activated

lymphocytes
	T cell proliferation;

T and B cell activation;

NK cell, macrophage activation; TlL, LAK,

and CTL growth
	20% RR:  16% partial, 

4% complete; possibly increased to 54% with platinum
	upregulates:  TNF, IFN-y, GM-CSF, IL- 7
	
	· individual or combined with IFN-( for melanoma, renal cell carcinoma 

· with melatonin  for hepatocellular carcinoma, non-small-cell lung cancer and renal cell cancer
	capillary leakage, hypotension, azotemia, acidosis; related to induction of TNF-( at high doses; highly variable; decreased with melatonin

	IL-4
	Lymphocytes
	B-cell stimulatory factor;

T and B cell activation;

macrophage, mast

cell activation
	Less responsive than IL-2 in solid tumors, possibly more responsive in hematologic tumors, especially B-cell lymphoma and myeloma.
	upregulates:  HLA class II antigens

Immunoglobulin

expression

downregulates:  IL-l ,IFN-y, TNF, IL-6
	increased by aspirin
	Melanoma, renal cell carcinoma
	

	TNF-a
	T and B cells,

macrophages, neutrophils,

endothelial cells, tumor cells
	B- and T-cell stimulator;

inflammatory mediator;

tumoricidal
	
	upregulates:  HLA class I, IL-6, GM-CSF, ICAM-l
	Offset by EGCG

	Melanoma, sarcoma

(isolated hyperthermic

limb perfusion)
	high systemic levels induce septic-shock-like

syndrome with tissue injury, organ failure and cachexia; local use may cause regional compartment syndrome

	IFN-y
	Lymphocytes, T cells
	Development of CTL,

NK cells, macrophages
	15% RR
	upregulates:  HLA class I and II antigens; Adhesion

molecules
	
	Mesothelioma 
	

	IFN-(
	Leukocytes
	Increases activity of NK

cells, macrophages;

tumoricidal
	
	upregulates:  HLA class I antigens, Tumor antigens
	
	Adjuvant therapy for metastatic melanoma,

renal cell carcinoma

hematologic malignancies; initial therapy for hairy cell leukemia and CML
	significant:  myelosuppression, hepatotoxicity, neurological symptoms

	Cytokine
	Source
	Action
	Response Rate
	Upregulates
	Downregulates
	Clinical Uses
	Toxicity

	IL-l

Endo-genous pyrogen
	Monocytes/macrophages,

NK cells, fibroblasts,

T cells, tumor cells; stimulated by endotoxin, exotoxins, TNF-(, GM-CSF
	Inflammatory responses;

endogenous pyrogen;

prostaglandin release; T- and B-cell activation;

fibroblast growth factor
	combined with IL-2
	upregulates:  T-helper responses,

TNF, GM-CSF, IL-2,

IL-2 receptor, IL-3,

IL-4, IL-6, IL- 7

ICAM-l
	
	Platelet recovery after chemotherapy
	significant and limiting

	IL-6
	T and B cells,

platelets, fibroblasts,

macrophages, tumor cells
	B cell growth factor;

hepatocyte growth;

stimulates acute

phase reactants
	
	upregulates:  HLA class I antigens
	
	Melanoma; platelet growth factor
	anemia, neurologic symptoms, cardiac arrhythmia, constitutional symptoms

	IL-7
	Keratinocytes

dendritic cells,

T-cell subsets
	Stimulator of lymphocyte

growth and differentiation; potent generator of anti-tumor cytotoxic T cells
	no current clinical protocols
	upregulates:  IL-6

downregulates: TCF-,B
	
	Melanoma
	

	IL-12
	B cells, monocytes/

macrophages
	Lymphocyte stimulatory

factor (Th1 cells); tumoricidal

Colony-stimulating Factors
	
	upregulates:  NK cells, IFN-y, TNF, GM-CSF, IL-3, (IL-2 , TNF-( through stimulation of Th1 cells)

downregulates: IL-4
	
	Metastatic Renal cell carcinoma
	less toxicity due to longer T½  


Colony Stimulating Factors

	Cytokine
	Source
	Action
	Response Rate
	Upregulates/ Downregulates
	Regulated by…
	Clinical uses
	Toxicity

	IL-3
	Activated lymphocytes
	Hematopoietic

growth factor
	
	upregulates:  platelets, leukocytes
	
	Bone marrow rescue
	

	G-CSF
	Monocytes /macrophages
	Growth and differentiation

of hematopoietic precursors
	
	upregulates:  

reduces period of myelosuppression after chemotherapy and bone marrow transplant
	
	Bone marrow rescue
	

	GM-CSF
	T-cells, macrophages
	Growth and differentiation

of hematopoietic precursors
	
	upregulates:  Antigen presenting cells, TNF, PGE-2
	
	Bone marrow rescue
	


Cancer and Mortality

· Infection is the most likely cause of death from cancer, causing about 50% of cancer associated mortality , as cancer has several mechanisms for reducing immune function. Death is usually from cachexia, hemorrhage (invasion into large vessel). 
· Metastasis to an essential site can cause death, but this is less likely.  However, people generally do not die from primary tumors either. The statistics for recovery from metastatic cancer are very low in all of the more frequently occurring cancer types.
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