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Milestone

1909 - CANCER "IMMUNE 
SURVEILLANCE" 
HYPOTHESIS INTRODUCED

Paul Ehrlich proposes that the 
immune system usually 
suppresses tumor formation, a 
concept that becomes known as 
the “immune surveillance” 
hypothesis.
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INBRED MICE AND SYNGENEIC TUMORS
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1957-1959 A FORMAL PROPOSAL OF IMMUNE
SURVEILLANCE

1957 - Sir Macfarlane Burnet

“It is by no means inconceivable that small 
accumulations of tumour cells may develop 
and because of their possession of new 
antigenic potentialities provoke an effective 
immunological reaction with regression of the 
tumour and no clinical hint of its existence.”

1959 - Lewis Thomas

“In large, long-lived animals, like most of the 
warm-blooded vertebrates, inheritable genetic 
changes must be common in somatic cells and a 
proportion of these changes will represent a step 
toward malignancy. It is an evolutionary necessity 
that there should be some mechanism for 
eliminating or inactivating such potentially 
dangerous mutant cells and it is postulated that 
this mechanism is of immunological character.”
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1960-1993: DOUBT AND DEBATE

Immunocompetent 
mouse

MCA-
induced 
tumors

Result: Tumors form 
at the same rate in

immunocompetent and
immunodeficient mice.

Conclusion: the
immune system plays
no role in preventing

tumor initiation
Quasi-immunodeficient 

mouse
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1994-2001: T CELL/NK CELL EFFECTOR
MOLECULES PREVENT TUMOR FORMATION
Immunocompetent 

mouse

MCA-

induced 

tumors

Result: Tumors form 

more frequently in 

mice lacking IFN-γ or 

perforin relative to 

wild-type controlsIFN-γ KO

Perforin KO
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2001: RAG-/- MICE ARE MORE SUSCEPTIBLE TO
CARCINOGEN INDUCED TUMORS

Shankaran V, Ikeda H, Bruce AT, White JM, Swanson PE, Old LJ, Schreiber RD. IFN-γ and lymphocytes prevent primary tumour development and shape 
tumour immunogenicity. Nature. 2001 Apr 26;410(6832):1107–11. 
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In vivo tumor editing

T CELL-MEDIATED
TUMOR EDITING
• Tumors from immunodeficient mice were 

rejected when transplanted into 
immunocompetent mice

• Rejection was T cell dependent
• Demonstrated that the immune system exerts 

selective pressure on the developing tumor, 
favoring those cells which avoid detection by T 
cells

Shankaran V, Ikeda H, Bruce AT, White JM, Swanson PE, Old LJ, Schreiber RD. IFN-γ and lymphocytes prevent primary tumour development and shape 
tumour immunogenicity. Nature. 2001 Apr 26;410(6832):1107–11. 
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2007: DISRUPTING TUMOR EQUILIBRIUM

MCA-induced 
tumors

Tumor 
regression

+ control 
antibody

+ αCD4+αCD8 
or αIFNγ

Tumor 
growth

Static 
tumor

200 
days
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Adaptive immunity maintains occult cancer in an equilibrium 
state. Nature. 2007 Dec 6;450(7171):903–7. 

2007: DISRUPTING
TUMOR EQUILIBRIUM

Treatment of tumors in “equilibrium” 
with antibodies that deplete T cells or 
block IFN-γ results in tumor “escape”
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IMMUNOLOGIC RECOGNITION OF ABNORMAL CELLS

or from damaged tissues (such as hyaluronan
fragments) as solid tumors begin to grow in-
vasively (30 ). A third potential mechanism may
involve stress ligands such as RAE-1 and H60
(mouse) or MICA/B (human) that are frequently

expressed on the surface of tumor cells. Such lig-
ands bind to activating receptors on innate im-
mune cells, leading to release of pro-inflammatory
and immunomodulatory cytokines, which in turn
establish a microenvironment that facilitates the

development of a tumor-specific adaptive im-
mune response (31). Although in some experi-
mental systems, activation of innate immunity
can protect against tumor development, in most
systems effective cancer immunosurveillance re-
sponses require the additional expression of tu-
mor antigens capable of propagating the expansion
of effector CD4+ and CD8+ Tcells. Thus, coordi-
nated and balanced activation of both innate and
adaptive immunity is needed to protect the host
against a developing tumor. If tumor cell destruc-
tion goes to completion, the elimination phase
represents an endpoint of the cancer immunoedit-
ing process.

The elimination phase has not yet been di-
rectly observed in vivo, but its existence has been
inferred from the earlier onset or greater pene-
trance of neoplasia in mice lacking certain im-
mune cell subsets, recognition molecules, effector
pathways, or cytokines and by studies comparing
tumor initiation, growth, and metastases in wild-
type versus immunodeficient mice [reviewed in
(18 )]. These studies have revealed that the im-
mune components required for effective elimina-
tion of any given tumor are dependent on specific
characteristics of the tumor, such as how it orig-
inated (spontaneous versus carcinogen-induced),
its anatomic location, and its rate of growth.

Equilibrium. Rare tumor cell variants may
survive the elimination phase and enter the equi-
librium phase, in which the adaptive immune
system prevents tumor cell outgrowth and also
sculpts the immunogenicity of the tumor cells.
We envisage equilibrium to be the longest phase
of the cancer immunoediting process—perhaps
extending throughout the life of the host. As
such, it may represent a second stable endpoint
of cancer immunoediting. In equilibrium, the im-
mune system maintains residual tumor cells in
a functional state of dormancy, a term used to
describe latent tumor cells that may reside in
patients for decades before eventually resuming
growth as either recurrent primary tumors or dis-
tant metastases (32 ). Equilibrium thus represents
a type of tumor dormancy in which outgrowth
of occult tumors is specifically controlled by
immunity.

An early suggestion that the immune system
couldmaintain tumor cells in a dormant/equilibrium
state came from tumor transplantation experi-
ments in which mice were primed with a trans-
plantable tumor and then rechallenged with the
same tumor in order to induce tumor latency (33).
However, stronger evidence for the existence of
an immunologically mediated equilibrium phase
came from primary tumorigenesis experiments
showing that immunocompetent mice treated
with low-dose carcinogen [3′-methylcholanthrene
(MCA)] harbored occult cancer cells for an ex-
tended time period even when the mice did not
develop any apparent tumors (34 ). When the
immune system of these mice was ablated [by
administeringmonoclonal antibodies (mAbs) that
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Fig. 3. The cancer immunoediting concept. Cancer immunoediting is an extrinsic tumor suppressor
mechanism that engages only after cellular transformation has occurred and intrinsic tumor suppressor
mechanisms have failed. In its most complex form, cancer immunoediting consists of three sequential
phases: elimination, equilibrium, and escape. In the elimination phase, innate and adaptive immunity
work together to destroy developing tumors long before they become clinically apparent. Many of the
immunemolecules and cells that participate in the elimination phase have been identified, but more work
is needed to determine their exact sequence of action. If this phase goes to completion, then the host
remains free of cancer, and elimination thus represents the full extent of the process. If, however, a rare
cancer cell variant is not destroyed in the elimination phase, it may then enter the equilibrium phase, in
which its outgrowth is prevented by immunologic mechanisms. T cells, IL-12, and IFN-g are required to
maintain tumor cells in a state of functional dormancy, whereas NK cells and molecules that participate in
the recognition or effector function of cells of innate immunity are not required; this indicates that
equilibrium is a function of adaptive immunity only. Editing of tumor immunogenicity occurs in the
equilibrium phase. Equilibriummay also represent an end stage of the cancer immunoediting process and
may restrain outgrowth of occult cancers for the lifetime of the host. However, as a consequence of
constant immune selection pressure placed on genetically unstable tumor cells held in equilibrium, tumor
cell variants may emerge that (i) are no longer recognized by adaptive immunity (antigen loss variants or
tumors cells that develop defects in antigen processing or presentation), (ii) become insensitive to
immune effector mechanisms, or (iii) induce an immunosuppressive state within the tumor microenvi-
ronment. These tumor cells may then enter the escape phase, in which their outgrowth is no longer blocked
by immunity. These tumor cells emerge to cause clinically apparent disease. [Figure adapted from (18)]
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INTRATUMORAL HETEROGENEITY IS SHAPED BY
THE IMMUNE SYSTEM

or from damaged tissues (such as hyaluronan
fragments) as solid tumors begin to grow in-
vasively (30 ). A third potential mechanism may
involve stress ligands such as RAE-1 and H60
(mouse) or MICA/B (human) that are frequently

expressed on the surface of tumor cells. Such lig-
ands bind to activating receptors on innate im-
mune cells, leading to release of pro-inflammatory
and immunomodulatory cytokines, which in turn
establish a microenvironment that facilitates the

development of a tumor-specific adaptive im-
mune response (31). Although in some experi-
mental systems, activation of innate immunity
can protect against tumor development, in most
systems effective cancer immunosurveillance re-
sponses require the additional expression of tu-
mor antigens capable of propagating the expansion
of effector CD4+ and CD8+ Tcells. Thus, coordi-
nated and balanced activation of both innate and
adaptive immunity is needed to protect the host
against a developing tumor. If tumor cell destruc-
tion goes to completion, the elimination phase
represents an endpoint of the cancer immunoedit-
ing process.

The elimination phase has not yet been di-
rectly observed in vivo, but its existence has been
inferred from the earlier onset or greater pene-
trance of neoplasia in mice lacking certain im-
mune cell subsets, recognition molecules, effector
pathways, or cytokines and by studies comparing
tumor initiation, growth, and metastases in wild-
type versus immunodeficient mice [reviewed in
(18 )]. These studies have revealed that the im-
mune components required for effective elimina-
tion of any given tumor are dependent on specific
characteristics of the tumor, such as how it orig-
inated (spontaneous versus carcinogen-induced),
its anatomic location, and its rate of growth.

Equilibrium. Rare tumor cell variants may
survive the elimination phase and enter the equi-
librium phase, in which the adaptive immune
system prevents tumor cell outgrowth and also
sculpts the immunogenicity of the tumor cells.
We envisage equilibrium to be the longest phase
of the cancer immunoediting process—perhaps
extending throughout the life of the host. As
such, it may represent a second stable endpoint
of cancer immunoediting. In equilibrium, the im-
mune system maintains residual tumor cells in
a functional state of dormancy, a term used to
describe latent tumor cells that may reside in
patients for decades before eventually resuming
growth as either recurrent primary tumors or dis-
tant metastases (32 ). Equilibrium thus represents
a type of tumor dormancy in which outgrowth
of occult tumors is specifically controlled by
immunity.

An early suggestion that the immune system
couldmaintain tumor cells in a dormant/equilibrium
state came from tumor transplantation experi-
ments in which mice were primed with a trans-
plantable tumor and then rechallenged with the
same tumor in order to induce tumor latency (33).
However, stronger evidence for the existence of
an immunologically mediated equilibrium phase
came from primary tumorigenesis experiments
showing that immunocompetent mice treated
with low-dose carcinogen [3′-methylcholanthrene
(MCA)] harbored occult cancer cells for an ex-
tended time period even when the mice did not
develop any apparent tumors (34 ). When the
immune system of these mice was ablated [by
administeringmonoclonal antibodies (mAbs) that
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Fig. 3. The cancer immunoediting concept. Cancer immunoediting is an extrinsic tumor suppressor
mechanism that engages only after cellular transformation has occurred and intrinsic tumor suppressor
mechanisms have failed. In its most complex form, cancer immunoediting consists of three sequential
phases: elimination, equilibrium, and escape. In the elimination phase, innate and adaptive immunity
work together to destroy developing tumors long before they become clinically apparent. Many of the
immunemolecules and cells that participate in the elimination phase have been identified, but more work
is needed to determine their exact sequence of action. If this phase goes to completion, then the host
remains free of cancer, and elimination thus represents the full extent of the process. If, however, a rare
cancer cell variant is not destroyed in the elimination phase, it may then enter the equilibrium phase, in
which its outgrowth is prevented by immunologic mechanisms. T cells, IL-12, and IFN-g are required to
maintain tumor cells in a state of functional dormancy, whereas NK cells and molecules that participate in
the recognition or effector function of cells of innate immunity are not required; this indicates that
equilibrium is a function of adaptive immunity only. Editing of tumor immunogenicity occurs in the
equilibrium phase. Equilibriummay also represent an end stage of the cancer immunoediting process and
may restrain outgrowth of occult cancers for the lifetime of the host. However, as a consequence of
constant immune selection pressure placed on genetically unstable tumor cells held in equilibrium, tumor
cell variants may emerge that (i) are no longer recognized by adaptive immunity (antigen loss variants or
tumors cells that develop defects in antigen processing or presentation), (ii) become insensitive to
immune effector mechanisms, or (iii) induce an immunosuppressive state within the tumor microenvi-
ronment. These tumor cells may then enter the escape phase, in which their outgrowth is no longer blocked
by immunity. These tumor cells emerge to cause clinically apparent disease. [Figure adapted from (18)]
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MECHANISMS OF TUMOR CELL RECOGNITION BY
CYTOLYTIC EFFECTOR CELLS
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CYTOLYTIC EFFECTOR CELLS DIRECTLY KILL
TRANSFORMED CELLS

CYTOLYTIC
EFFECTOR CELL

i.e., CD8+ T CELL
NK CELL
γδ T CELL

KILL TUMOR CELLS VIA MULTIPLE 
MECHANISMS, INCLUDING;

• PERFORIN/GRANZYME
• FASL
• TRAIL
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DNA DAMAGE GENOMIC INSTABILITY
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CELLULAR STRESSGENOMIC INSTABILITY

ABERRANT GENE EXPRESSION
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CELLULAR STRESS
EXPRESSION OF IMMUNE 

ACTIVATING LIGANDS

I.E.;

MICA/MICB/ULBP1-6

PVR(CD155)

NECTIN-2
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CELLULAR STRESS RESPONSE PROMOTES IMMUNE
RECOGNITION

NKG2D LIGANDS
SUCH AS MICA

PROMOTES KILLING BY 
NKG2D-EXPRESSING 
EFFECTOR CELLS

CD8+ T CELLS, NK CELLS, 
γδ T CELLS



19

HOW DO ANTIGEN-SPECIFIC T CELLS
RECOGNIZE TUMOR CELLS?
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NOVEL PROTEINS
GENOMIC 

INSTABILITY
NOVEL GENES

NATIVE PROTEIN
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NOVEL PROTEINS
GENOMIC 

INSTABILITY
NOVEL GENES

MUTANT PROTEIN POTENTIALLY 

IMMUNOGENIC 

NEO-PEPTIDES
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NOVEL PROTEINSGENOMIC 
INSTABILITY NOVEL GENES

NEO-PEPTIDE BOUND 
TO MHC CLASS I
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NEO-PEPTIDE 
COMPLEXED WITH MHC 
CLASS I - RECOGNIZED 

BY CD8+ T CELL
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3 WAYS THE IMMUNE SYSTEM PREVENTS
CANCER

❖ Protects the host against viral infection, preventing virus-induced 
tumors

❖ Prevents inflammation-elicited tumors by eliminating pathogens and 
by resolving inflammation

❖ Eliminates nascent transformed cells via recognition of stress-induced 
ligands for activating receptors on innate immune cells, and via tumor 
antigens that are recognized by antigen-specific T cells

Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: integrating immunity's roles in cancer suppression and 
promotion. Science. 2011 Mar 25;331(6024):1565–70.
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A MALIGNANT TUMOR REPRESENTS A
FAILURE OF THE IMMUNE SYSTEM
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DIRECT MANIPULATION OF THE IMMUNE
SYSTEM RESTORES ANTI-TUMOR IMMUNITY
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Cytokines EXAMPLE: IL-2

1986 – clinical activity of IL-2 therapy

1983 – IL-2 cloned

1977 – IL-2 discovered

1985 – efficacy in mouse tumor models

1992 – approved for treatment of melanoma
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Cytokines EXAMPLE: IL-2

T effector
cells

B cellsNK cells T regulatory
cells

IL-2 enhances survival, 
proliferation, effector 

function
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monoclonal 
antibodies

Immunomodulatory 
monoclonal 
antibodies

Cytokines

Oncolytic 
viruses

Cancer 
vaccines

Adoptive T cell 
transfer

Innate 
Immune 
agonists

Immunometabolism 
modifiers



31

Immunomodulatory 
monoclonal 
antibodies

1996 – anti-tumor activity in mice

1987 – CTLA-4 identified

1994 – CTLA-4 shown to be a negative regulator

1999 – first patient treated with anti-CTLA4 (ipilimumab)

2011 – anti-CTLA-4 approved for metastatic melanoma 

EXAMPLE: ANTI-CTLA-4
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CTLA-4 IS A COMPETITIVE INHIBITOR OF CD28
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EXAMPLE: ADENOSINE METABOLISMImmunometabolism 
modifiers

Adams JL, Smothers J, Srinivasan R, Hoos
A. Big opportunities for small molecules in 
immuno-oncology. Nat Rev Drug Discov. 
Nature Publishing Group; 2015 Jul 
31;14(9):603–22. 
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Adams JL, Smothers J, Srinivasan R, Hoos
A. Big opportunities for small molecules in 
immuno-oncology. Nat Rev Drug Discov. 
Nature Publishing Group; 2015 Jul 
31;14(9):603–22. 

EXAMPLE: ADENOSINE METABOLISMImmunometabolism 
modifiers
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EXAMPLE: ADENOSINE METABOLISMImmunometabolism 
modifiers
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EXAMPLE: ADENOSINE METABOLISM
Target Location Function Modality (MOA) 

Adenosine signaling 

A2A receptor 
TReg cells, DCs, NK cells, NK T 

cells, tumours

Elevated cAMP
blunts TCR-mediated 

cytotoxicity; inhibits effector T 
cells; expands TReg cells; 

enhances NK cell cytotoxicity 

Small molecule antagonist

A2B receptor 
Myeloid cells, expression 

driven by HIF1α 
Elevated cAMP increases IL-10 
and CCL2 levels; expansion of 

MDSCs and TAMs 
Small molecule antagonist

Adenosine production 

CD39 
TReg cells, B cells, MDSCs, NK 
cells, tumours, endothelium 

Contributes to the production 
of adenosine, which binds to 

A1,A2A, A2B and A3 receptors 

Antagonist monoclonal 
antibody

CD73 
TReg cells, B cells, MDSCs, NK 
cells, tumours, endothelium 

Contributes to the production 
of adenosine, which binds to 

A1,A2A, A2B and A3 receptors 

Antagonist monoclonal 
antibody

Recreated from: Adams JL, Smothers J, Srinivasan R, Hoos A. Big opportunities for small molecules in immuno-oncology. Nat Rev Drug Discov. Nature Publishing Group; 
2015 Jul 31;14(9):603–22. 
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or from damaged tissues (such as hyaluronan
fragments) as solid tumors begin to grow in-
vasively (30 ). A third potential mechanism may
involve stress ligands such as RAE-1 and H60
(mouse) or MICA/B (human) that are frequently

expressed on the surface of tumor cells. Such lig-
ands bind to activating receptors on innate im-
mune cells, leading to release of pro-inflammatory
and immunomodulatory cytokines, which in turn
establish a microenvironment that facilitates the

development of a tumor-specific adaptive im-
mune response (31). Although in some experi-
mental systems, activation of innate immunity
can protect against tumor development, in most
systems effective cancer immunosurveillance re-
sponses require the additional expression of tu-
mor antigens capable of propagating the expansion
of effector CD4+ and CD8+ Tcells. Thus, coordi-
nated and balanced activation of both innate and
adaptive immunity is needed to protect the host
against a developing tumor. If tumor cell destruc-
tion goes to completion, the elimination phase
represents an endpoint of the cancer immunoedit-
ing process.

The elimination phase has not yet been di-
rectly observed in vivo, but its existence has been
inferred from the earlier onset or greater pene-
trance of neoplasia in mice lacking certain im-
mune cell subsets, recognition molecules, effector
pathways, or cytokines and by studies comparing
tumor initiation, growth, and metastases in wild-
type versus immunodeficient mice [reviewed in
(18 )]. These studies have revealed that the im-
mune components required for effective elimina-
tion of any given tumor are dependent on specific
characteristics of the tumor, such as how it orig-
inated (spontaneous versus carcinogen-induced),
its anatomic location, and its rate of growth.

Equilibrium. Rare tumor cell variants may
survive the elimination phase and enter the equi-
librium phase, in which the adaptive immune
system prevents tumor cell outgrowth and also
sculpts the immunogenicity of the tumor cells.
We envisage equilibrium to be the longest phase
of the cancer immunoediting process—perhaps
extending throughout the life of the host. As
such, it may represent a second stable endpoint
of cancer immunoediting. In equilibrium, the im-
mune system maintains residual tumor cells in
a functional state of dormancy, a term used to
describe latent tumor cells that may reside in
patients for decades before eventually resuming
growth as either recurrent primary tumors or dis-
tant metastases (32 ). Equilibrium thus represents
a type of tumor dormancy in which outgrowth
of occult tumors is specifically controlled by
immunity.

An early suggestion that the immune system
couldmaintain tumor cells in a dormant/equilibrium
state came from tumor transplantation experi-
ments in which mice were primed with a trans-
plantable tumor and then rechallenged with the
same tumor in order to induce tumor latency (33).
However, stronger evidence for the existence of
an immunologically mediated equilibrium phase
came from primary tumorigenesis experiments
showing that immunocompetent mice treated
with low-dose carcinogen [3′-methylcholanthrene
(MCA)] harbored occult cancer cells for an ex-
tended time period even when the mice did not
develop any apparent tumors (34 ). When the
immune system of these mice was ablated [by
administeringmonoclonal antibodies (mAbs) that
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Fig. 3. The cancer immunoediting concept. Cancer immunoediting is an extrinsic tumor suppressor
mechanism that engages only after cellular transformation has occurred and intrinsic tumor suppressor
mechanisms have failed. In its most complex form, cancer immunoediting consists of three sequential
phases: elimination, equilibrium, and escape. In the elimination phase, innate and adaptive immunity
work together to destroy developing tumors long before they become clinically apparent. Many of the
immunemolecules and cells that participate in the elimination phase have been identified, but more work
is needed to determine their exact sequence of action. If this phase goes to completion, then the host
remains free of cancer, and elimination thus represents the full extent of the process. If, however, a rare
cancer cell variant is not destroyed in the elimination phase, it may then enter the equilibrium phase, in
which its outgrowth is prevented by immunologic mechanisms. T cells, IL-12, and IFN-g are required to
maintain tumor cells in a state of functional dormancy, whereas NK cells and molecules that participate in
the recognition or effector function of cells of innate immunity are not required; this indicates that
equilibrium is a function of adaptive immunity only. Editing of tumor immunogenicity occurs in the
equilibrium phase. Equilibriummay also represent an end stage of the cancer immunoediting process and
may restrain outgrowth of occult cancers for the lifetime of the host. However, as a consequence of
constant immune selection pressure placed on genetically unstable tumor cells held in equilibrium, tumor
cell variants may emerge that (i) are no longer recognized by adaptive immunity (antigen loss variants or
tumors cells that develop defects in antigen processing or presentation), (ii) become insensitive to
immune effector mechanisms, or (iii) induce an immunosuppressive state within the tumor microenvi-
ronment. These tumor cells may then enter the escape phase, in which their outgrowth is no longer blocked
by immunity. These tumor cells emerge to cause clinically apparent disease. [Figure adapted from (18)]
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