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Introduction

The immune system has a complex and multi-faceted 
role in cancer, affecting all aspects of the disease from 
tumorigenesis to treatment. Immune cells can act both as 
suppressors of tumor initiation and progression, as well 
as promoters of proliferation, infiltration, and metastasis. 
Within the tumor microenvironment, various immune 
cells have been described in virtually all tumor types with 
the exact composition of immune cells depending on 
the tumor origin, location, and individual characteristics 
of the patient. Both innate immune cells [macrophages, 
mast cells, neutrophils, dendritic cells (DCs), myeloid 
derived suppressor cells, and natural killer (NK) cells] and 
adaptive immune cells (T and B lymphocytes) are present 
and interact with the tumor via direct contact or through 
chemokine and cytokine signaling which shapes the 
behavior of the tumor and its response to therapy (Figure 1). 
Increased understanding of the immune microenvironment 
of tumors has allowed for an explosion of the identification 
of novel immune-based biomarkers and the development of 

new agents that target immune pathways for therapy. This 
review is aimed at outlining the numerous roles that the 
immune system plays in cancer and the treatments that take 
advantage of our growing understanding of the immune 
system, with a particular emphasis on colorectal cancer 
(CRC). 

Anti-tumor immune responses

The immune responses to tumors share a number of 
similarities with the host immune response to infections 
and foreign antigens. Innate immune cells such as NK 
cells, macrophages and DCs can respond to both microbe-
associated molecular patterns or to inflammatory signals 
generated by damaged tissues. Recognition by innate 
immune cells initiates an inflammatory cascade that leads 
to antigen presentation by DCs and macrophages to T 
cells, activating an adaptive immune response (1). More 
specifically, in cancer, the innate immune system recognizes 
tumor specific antigens on the surface of cancer cells in a 
manner similar to the recognition of non-self-pathogens. 
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Innate immune cells, such as NK cells, recognize the lack of 
MHC-I surface molecules on cancer, engage in active killing of 
these cells and then recruit other inflammatory cells through 
their cytokine production (2). Recruited monocytes, namely 
macrophages and DCs, phagocytose tumor cells and then 
present tumor-associated antigen on their surface (3) which 
activates a specific cytolytic T cell response that is directed 
against the tumor. Then, like a pathogen induced immune 
response, these specific effector T cells clonally expand 
and travel to the tumor to eradicate it from the body (4).  
However, just like microbes that cannot be controlled or 
are chronic, cancer cells undergo a selection process for 
cells that have the ability to evade the immune system 
by acquiring several key properties including decreased 

immunogenicity, expression of a highly immunosuppressive 
microenvironment, and the ability to stimulate a supportive 
immune microenvironment rich in factors that support 
nutrient acquisition, angiogenesis and matrix remodeling (1). 
We discuss in more detail these properties of tumors that 
allow them to evade the anti-tumor immune response in the 
following sections.

Immunosurveillance

A number of immune cells have the ability to directly 
and indirectly kill cancer cells. In fact, it has been found 
that immune cells patrol the body monitoring for the 
altered cells that become cancer in a process known as 

Figure 1 Diagram of key immune cells found in the tumor immune microenvironment. Multiple different immune cells can be found in 
tumors at different times and locations depending on multiple host and tumor factors. Many immune cells have both anti- and pro-tumor 
functions based on the context in which they are found.
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“immunosurveillance”. Through immunosurveillance, the 
body can effectively recognize and eliminate cancerous 
cells prior to them causing harm (5). Evidence that 
immunosurveillance plays a critical role controlling the 
development of cancer comes from patients who have been 
immunosuppressed such as transplant recipients or patients 
with advanced HIV infection who have a higher risk of a 
number of cancers, including colon and pancreatic cancer, 
compared to normal, uninfected individuals (6,7). One of 
the key cell types involved in immunosurveillance is NK 
cells which can cause direct cytotoxicity of cancer cells, 
which frequently do not express any MHC-I class alleles, 
making them susceptible to NK killing (8), as well as release 
cytotoxic granules containing perforin and granzyme B (9). 
Other immune cells are also involved in the killing of cancer 
cells, but have more complex roles in which they have also 
been described to promote tumor growth, depending on the 
context (10). These other anti-tumor immune cells include 
but are not limited to, CD8+ T cells with can directly lyse 
cancer cells and produce cytokines that promote a cytotoxic 
response such as interferon gamma (IFN-γ) (11), CD4+ 
Th1 cells which can stimulate production and function 
of cytotoxic T lymphocytes (CTLs) and produce toxic 
cytokines including IFN-γ and interleukin 4 (IL-4) (12), 
CD4+ Th17 cells which activate CTLs (13,14), CD4+ 
regulatory T (Treg) cells which can suppress chronic 
inflammation (15), and neutrophils which are involved 
in direct cytotoxicity and regulation of CTL responses 
(14,16). Macrophages and DCs can also participate in the 
production of an anti-tumor immune response through 
their ability to present tumor antigens to T cells and 
through their response to danger and stress signals which 
causes the release of critical cytotoxic cytokines (17-19).  
These anti-tumor immune cells have been used as both 
prognostic markers with more anti-tumor immune 
responses correlating with better outcomes as well as targets 
for immunotherapy in which groups have sought ways to 
augment the anti-tumor response. 

There is increasing evidence suggesting that immune 
cells play an important role in regulating the development 
of tumors in CRC. In one example, a study of 49 fresh CRC 
tumor samples ranging from stages II to IV found that 
the higher the number of activated (CD69+) and cytotoxic 
(CD107a+) CD8+ tumor infiltrating T lymphocytes (TILs), 
the higher the number of tumor antigen-reactive T cells in 
the blood and bone marrow. Further, the number of these 
activated cells inversely correlated with overall stage of 
the tumor. More specifically, earlier tumor stages showed 

higher proportions of activated CD8+ TILs. This suggests 
that early stage CRC may be recognized and undergo 
surveillance by the immune system (20). 

Immunoediting and immune deficiencies in cancer

As immune cells search and destroy pre-cancerous cells, 
they select for tumor cells that display decreased tumor 
immunogenicity in a process known as immunoediting. This 
reciprocal relationship that immune cells have with cancer 
cells is defined by the “three Es of cancer immunoediting”: 
elimination, equilibrium, and escape (21,22). As a tumor 
takes root, the immune cells are gradually unable to 
eliminate all cancer cells but still can prevent expansion 
and metastasis, keeping the tumor at bay and producing 
a static phase known as the equilibrium phase. Over 
time, the dynamic interaction between the tumor and the 
immune system eventually results in a selection for tumor 
cells that can now escape the immune system leading to 
the development of clinically apparent tumors. Evidence 
for this sequence of events is supported by mouse tumor 
transplant data. Tumors transferred from immunodeficient 
mice into wild type mice can be more immunogenic than 
those arising from wild type mice because the tumor cells 
are “unedited” and do not undergo a selection process 
for the less immunogenic cells (23). Additionally, studies 
have shown that tumors arising in mice with specific 
immune deficiencies, including IFN-γ (24,25) and NKT 
cells (26), can be eliminated when transplanted into 
immune competent mice but grow more aggressively when 
transplanted into mice with the same immunodeficient 
genetic background (5). Additional mouse models of various 
types of cancer have shown that deficiencies in CD8+ CTLs, 
CD4+ T helper 1 (Th1) cells, or NK cells all lead to an 
increase in tumor incidence (27). In CRC, a study of 286 
CRC tissue samples revealed that node-negative CRC had 
an increasing percentage of CD3+ immunoreactive areas 
which reduced the risk of metachronous tumors. However, 
in node-positive patients, CD3+ density was no longer 
predictive, suggesting the importance of immune evasion in 
CRC (28). 

Pro-tumor immune responses

Suppressing the anti-tumor immune response in cancer

In addition to evading recognition by the immune 
system, recent experimental evidence supports the 
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notion that tumors establish a microenvironment that 
actively suppresses an immune response. The first 
suppression mechanism utilized by tumors is the release of 
immunosuppressive factors such as TGF-β from cancer cells 
themselves to prevent CTLs and NK cells from destroying 
the tumor. The second mechanism involves the recruitment 
of immunosuppressive immune cells, such as Tregs and 
CD11b+Gr1+ myeloid-derived suppressor cells (MDSCs, 
as defined in mice) by cancer cells to evade lymphocyte-
induced death (27). Tregs suppress the proliferation, 
cytokine expression, and activation of other T cells 
including CD4+ and CD8+ T cells and larger numbers of 
intratumoral Tregs has been correlated in numerous tumors 
types to poorer prognosis (29). MDSCs are a heterogeneous 
population of myeloid-derived cells defined as Lin-HLA-

DR-CD33+ or CD11b+CD14-CD33+ in humans and consists 
of myeloid progenitors, immature macrophages, immature 
granulocytes, and immature DCs. MDSCs produce factors, 
such as arginase-1, which are potent suppressors of various 
T cell functions and thus suppress anti-tumor activities (30). 

In colon cancer, a study of 64 CRC patients revealed 
that CRC patients had markedly increased percentages 
and absolute numbers of MDSCs [Lin(-/low)HLA-DR-

CD11b+CD33+] in their peripheral blood when compared 
with healthy individuals. This increase correlated with 
clinical cancer stage and tumor metastasis, though not 
primary tumor size. A similar increase of MDSCs was 
also seen in the tumor tissue when compared to matched 
paraneoplastic tissue. Finally, in vitro studies revealed that 
only MDSCs from CRC patients, but not healthy donors, 
were able to inhibit autologous T cell proliferation (31). 

The case of FoxP3+ Tregs is much more complex and varies 
by tumor type, stage and tissue of origin. Knowing that Tregs 
suppress an immune response, one would expect that they 
would be a poor prognostic factor as they would suppress 
anti-tumor immune responses, which appears to be the case 
in many situations (29). However, it has also been shown in 
several studies that Tregs can functionally restore homeostasis 
during chronic inflammation and reduce risk as well (15,32-34).  
In some solid tumors, such as ovarian carcinoma, 
pancreatic ductal carcinoma, and hepatocarcinoma, a 
large number of CD3+CD4+CD25+FoxP3+ cells correlated 
with poor prognosis. On the other hand, high numbers 
of CD3+CD25+FoxP3+ has been associated with good 
prognosis in follicular lymphoma, Hodgkin’s lymphoma, 
and head and neck cancer (35). In CRCs, the complex role 
of Tregs is only now being elucidated. In ulcerative colitis 
associated colon cancer, a study found a high frequency of 

FoxP3+IL-17+CD4+ Tregs in the colitic microenvironment 
and associated colon carcinoma. These cells were able to 
not only suppress T cell activation, but the IL-17+Foxp3+ 
Treg cells also contributed to inflammation by stimulating 
inflammatory cytokine production due to their release 
of IFN-γ and IL-2 in the colitic tissues (36). In the case 
of sporadic colon cancer, several studies have shown 
that increased frequencies of Tregs are associated with 
poor prognosis and an inability of the immune system to 
effectively respond to cancer. However, other studies have 
shown that a large number of intratumoral FoxP3+ Tregs 
correlates with a positive outcome (32). It is believed that 
these Tregs inhibit the local inflammatory processes that 
promote carcinogenesis (37). 

Conditioning the tumor microenvironment

Immune cells, especially tumor-associated macrophages, 
have been shown to promote angiogenesis, cancer cell 
proliferation, and invasiveness (17,38). Tumor cells require 
neovasculature to supply nutrients and to clear waste. As 
the tumor progresses, angiogenesis is required to sustain 
the environment and new vessels are sprouted from existing 
vasculature. Before this “angiogenic switch” is turned on, 
necrotic tumor cell death can occur. Unlike cell death 
occurring through apoptosis and autophagy which generally 
results in phagocytosis by neighboring cells and does not 
elicit an immune response, necrotic cell death results in 
a spewing of cell contents, triggering proinflammatory 
signals in the local tissue, causing a recruitment of immune 
cells (27). These proinflammatory signals, including IL-1 
and high-mobility group box 1 (HMGB1), result in both 
angiogenesis promotion and homing of immune cells 
that release additional growth factors contributing to 
the survival of the cancer cells (17). Innate immune cells, 
including macrophages, neutrophils, mast cells, and myeloid 
progenitors, help trigger this “angiogenic switch” and 
stimulate the process of new vasculature formation. The 
on-going signals from tumor cells, which simulate chronic 
inflammation, helps maintain the process (27). Immune cells 
also produce cytokines that work to activate transcription 
factors, such as NF-κB and STAT3, which promote tumor 
cell proliferation, growth, and survival (17). Additionally, 
in order for the cancer cells to continue to grow and 
metastasize, tumor cells must be able to invade into the 
peripheral area. Macrophages also contribute to this process 
by releasing enzymes, including metalloproteinases (MMPs) 
(39,40) and cysteine cathespin proteases (41), that degrade 
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the surrounding matrix and allow invasion, eventually 
leading to metastasis (17,27). Other inflammatory cell types 
have also been implicated in supporting tumor growth. In 
particular, neutrophils have been shown to promote the 
metastatic potential of cancer cells. In one example using 
a UV-induced melanoma mouse model, Bald et al. found 
the presence of neutrophils stimulated melanoma cells to 
move towards endothelial cells promoting metastasis to 
the lung (42). Thus, from the examples above it is evident 
that while the immune system can protect against cancer 
development, it can also support the growth and metastasis 
of tumors through the tumors ability to co-opt the normal 
repair and wound healing functions of immune cells such as 
macrophages. 

Colon cancer  exhibits  a  number of  pro-tumor 
inflammatory responses. In hepatocellular carcinoma 
(HCC) and colitis-associated CRC, high levels of IL-6 have 
been shown to activate STAT3 and have tumor promoting 
activity (17). In addition, analysis of CRC specimens have 
been shown to have high levels of macrophage-derived 
MMP-9. MMP-9 specifically degrades type IV collagen, a 
major component of the basement membrane, and allows 
metastasis to occur. The presence of high levels of MMP-9 
in CRC tissue was shown to be an independent predictor of 
metastasis and poor outcome (43). 

Chronic inflammation and cancer

In addition to promoting the growth of established tumors, 
chronic inflammation has been recognized as a contributor 
to neoplastic formation, as many of the processes such 
as tissue remodeling and angiogenesis found in chronic 
inflammatory sites are critical components in tumor 
development. At least 20% of cancers including pancreatic, 
gastric, and skin cancers have been directly linked to chronic 
infections (44,45). The microenvironment that is created 
during an inflammatory response has also been shown to 
initiate carcinogenesis through the production of genotoxic 
compounds that can damage DNA such as reactive oxygen 
species (ROS) (46). In addition, a number of inflammatory 
cytokines that can upregulate ROS and reactive nitrogen 
intermediates (RNI) that lead to deleterious DNA damage 
or activate pro-survival/proliferation pathways such as 
STAT3 and NFκB are present and allow damaged cells to 
survive (47). 

As the mechanisms driving carcinogenesis are being 
elucidated, it has become increasingly clear that chronic 
inflammation is a carcinogenic process. A few examples 

of cancer-related chronic inflammatory diseases in 
the gastrointestinal system include the link of CRC to 
inflammatory bowel disease, gastric cancer to gastritis 
and ulcers, pancreatic carcinoma to pancreatitis, HCC to 
hepatitis and gall bladder cancer to chronic cholecystitis. 
Other GI malignancies linked to inflammation include 
anal carcinoma to chronic cervicitis and the link of oral 
squamous cell carcinoma to gingivitis (35). The cause of 
chronic inflammation in many of these situations remains 
unknown. However, in several cancers, specific microbial 
infections have been revealed to be the underlying etiology 
of the chronic inflammation. Perhaps the most notable 
is the gram-negative bacillus Helicobacter pylori which is 
associated with gastric cancer and has been shown both in 
murine models and humans to cause chronic inflammation 
that promotes cancer. This observation has been validated 
in numerous large epidemiologic studies (48). Other 
infections, such as hepatitis B or C, human papillomaviruses, 
and Bacteroides have been linked to HCC, anal, and colon 
cancer, respectively (17,49).

IBD-related-CRCs account for less than 2% of all CRC 
appearing annually. Other high-risk conditions include 
hereditary diseases, which may account for up to 20% of 
all cases. However, chronic inflammation of the colon does 
increase the risk of CRC to varying extents depending on a 
number of factors that may regulate inflammation including 
disease severity, duration of the disease, and proper 
management of the disease (47,50). Interestingly, recent 
evidence has pointed to intestinal inflammation driven by 
the microflora. When the intestine becomes overpopulated 
with “bad” microbes there is thought to be increased barrier 
disruption with a resultant increase in inflammatory and 
pro-tumorigenic cytokines from increased exposure to the 
intestinal microflora. The release of inflammatory cytokines 
and the ensuing immune reaction result in epigenetic 
changes, further recruitment of immune cells, and constant 
tumor-promoting signals that contribute to progression of 
tumor growth once the cancer is already initiated (47). 

Immune cells as prognostic factors

Given the important role of the immune system in the 
initiation, maintenance, and progression of cancer, it is not 
surprising that recent studies have revealed a connection 
between the presence of specific immune cells and disease 
outcomes. Several groups have developed algorithms that 
quantify the presence of specific immune cells as prognostic 
factors. A number of cancers have been shown to have a 
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favorable prognosis with increased infiltration of certain T 
cell subsets, particularly those that suggest that an individual 
already has a pre-existing spontaneous anti-tumor immune 
response. Memory T cells (CD3+CD45RO+) of the Th1 
and cytotoxic types and CD8+ T cells have been shown to 
predict for better disease outcomes in esophageal cancer, 
renal cell carcinoma, and CRC, among others (32). Clinical 
epidemiology data has shown that patients with colon and 
ovarian tumors that have large numbers of CTLs and NK 
cells have a better prognosis than patients with fewer killer 
lymphocytes (27). In addition to favorable prognosis from 
the presence of effector cells, a number of studies have 
shown that the presence of mature antigen-presenting 
DCs, which theoretically lead to an enhanced immune 
response, have also been correlated with improved survival. 
A study of 74 non-small cell lung cancer (NSCLC) found 
that the presence of DC-LAMP+CD83+ mature DCs, often 
in tertiary lymphoid structures with DC-T cell clusters, 
was highly associated with good prognosis (51). Mature 
DCs, characterized as CD83+HLA-DR+CD40+CD86+, 
were also found to infiltrate colon cancer. However, the 
density of these DCs was found to be three times lower 
than seen in normal colonic mucosa and very rare in 
metastatic tumor tissue. In patients who had a high number 
of TNFα-producing TILs, a greater number of mature 
DCs were also observed. Thus, in many cancers, including 
CRC, high densities of DCs serve as a positive prognostic 
factor (52). While mature DCs appear to be favorable, 
macrophages, which in some settings have similar functions 
to DCs, appear to be strongly influenced by the tumor 
microenvironment. They are often alternatively-activated 
rather than cytotoxic, and produce a number of factors that 
influence growth and survival of tumor cells, angiogenesis, 
cell invasion, chemotaxis, or inhibit T cell responses (35). 
Thus a high number of tumor-associated macrophages is 
typically considered to be a poor prognostic factor (53,54). 

The use of immune cells to predict tumor behavior 
has been an area of intense research over the past several 
years and in CRC in particular, several powerful predictive 
algorithms based on immune cells have emerged. Early 
studies in CRC found that the presence of CD8+ T cells, 
CD27-CD45RA- effector memory T cells and a Th1 gene 
signature had improved metastasis free and disease free 
survival (35,55). As these observations were repeated in 
large cohort studies, specific immune responses within the 
tumor site were found to influence clinical outcome at all 
stages of CRC. In fact, the type, density, and location of 
immune cells had a prognostic value that surpassed the 

UICC-TNM classification. Thus, an immune score from 
0 to 4 based on the assessment of CD8+ and CD45RO+ cell 
densities in the center and in the invasive margins of the 
tumor was created. A higher score, meaning higher density 
of TH1/cytotoxic memory T lymphocytes in both the 
center and at the margin, correlates with higher disease free 
survival and overall survival, as well as low risk of relapse and 
metastasis, in CRC and is likely applicable to most human 
tumors, particularly those that are thought to be more 
sensitive to immune regulation such as melanoma (35,56,57). 
A worldwide harmonization effort is currently underway to 
confirm the utility of the immunoscore in CRC and to refine 
the criteria that will be used for future clinical trials. 

Thus, as expected from a system as diverse as the immune 
system, the role of immune cells in the development, 
progression and treatment of tumors is very complex and 
not yet fully understood. The immune system, through NK 
cells, T cells, macrophages and DCs, helps prevent cancer by 
detecting and eradicating mutated cells that would become 
cancerous. This immunosurveillance function has been 
controlled or subverted by the time tumors have become 
clinically apparent. The goal of much of immunotherapy, as 
discussed in the next section, is to reawaken this anti-tumor 
immune response by attempting to generate de novo or more 
powerful anti-tumor immune responses. However, as the 
tumor has already managed to prevent the body’s normal 
anti-tumor immune response by developing powerful 
suppression mechanisms, strategies aimed at inhibiting 
immune suppressive pathways have also been surprisingly 
successful. Targeting the cells and pathways used by 
tumors to accomplish this has produced a number of recent 
successes that have inspired a new generation of immune-
based therapeutic options. 

Immunotherapy

Immunotherapy refers to therapeutic approach that 
harnesses the immune system to eliminate tumors. As we 
have described above, tumors, including colorectal tumors, 
employ multiple strategies to evade and suppress the immune 
system. Immunotherapeutic approaches have aimed at either 
augmenting the anti-tumor immune response through 
strategies such as vaccination in combination with immune 
stimulatory cytokines or preventing the suppression of a 
response through the use of checkpoint inhibitors such as the 
anti-cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)  
antibody, ipilimumab (Figure 2). We review here recent 
advances in immunotherapy and current progress in 
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applying immunotherapeutic strategies for the treatment of 
colorectal malignancies. 

Cancer vaccines

A strategy that has been tried in multiple variations over 
the past two decades, cancer vaccines have had variable 
degrees of success eliciting an anti-tumor immune 
response. The concept of cancer vaccination stems from 

the recognition that the immune system has built in 
mechanisms to recognize altered self-antigens that are 
present on the majority of cancer cells. These antigens are 
often called tumor-associated antigens. Like the vaccination 
strategies for infectious diseases, the ultimate goal of cancer 
vaccination is to elicit an anti-tumor immune response that 
will eliminate a tumor and provide ongoing surveillance 
to protect against its regrowth. Numerous groups have 
developed and continue to develop agents that attempt to 

Figure 2 Overview of different immunotherapeutics. Vaccines, adoptive T cell therapy and checkpoint inhibitors have led the vanguard for a new 
generation of immune-based therapies. Each therapy has a unique profile of advantages (+) and disadvantages (−). While current immunotherapies 
have yet to show efficacy in CRC, multiple trials are currently underway to test the potential for emerging immunotherapeutics. 
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generate a productive immune response against tumors. 
Four major categories of vaccination agents have been 
explored: whole tumors, peptide antigens, DCs and viral/
bacterial vaccinations. 

Whole tumor vaccines

Whole tumor vaccines were the earliest of the vaccines because 
the vaccination material was both readily available and contained 
all of the known and unknown tumor associated antigens that 
needed to be eliminated. Thus, while there was no specific 
antigen identified with this approach, presumably a diverse 
immune response would occur that would reduce the chance 
that there would be tumor escape from a more specific vaccine. 
Typically this approach would require a sample of tumor tissue 
that would then be lysed or irradiated, mixed with an immune 
adjuvant such as alum, and then reinjected into patients (58).  
Autologous whole tumors have been used as cancer vaccines 
to induced cytotoxic anti-tumor immune responses in 
several cancer types including renal cell carcinoma (59),  
melanoma (60) and CRC (61). However, despite initial 
excitement for whole tumor vaccines, to date even the best 
trials demonstrate limited efficacy. In CRC, a randomized 
phase III clinical trial combining autologous whole tumor cell 
plus BCG vaccine was conducted by the Eastern Cooperative 
Oncology Group to determine whether surgical resection 
plus vaccination was more beneficial than resection alone in 
412 stage II and III CRC patients but this study showed no 
significant survival or disease-free survival benefit. However, 
effective immune responses were associated with improved 
disease-free and overall survival (61). 

One issue with using whole tumor vaccines is that only 
a small proportion of the proteins in an autologous whole 
tumor vaccine are specific to cancerous cells, while a vast 
majority of antigens in the vaccine are shared with normal 
cells, thus diluting the amount of tumor antigens in a whole 
tumor vaccine, while simultaneously supplying the antigens 
for stimulating an autoimmune response. Moreover, whole 
tumor vaccines are typically poorly immunogenic. Therefore, 
the immune response generated by whole tumor vaccines 
is generally insufficient to provide benefit to patients as 
evidenced by the modest results in clinical trials (62). To 
improve the immunogenicity of whole tumor vaccines, 
autologous tumor cells have been genetically modified to 
secrete immunostimulatory molecules such as GM-CSF and 
then re-administered to the patient (63). While early trials 
demonstrated promising results in a wide range of tumors, 
most of these did not result in survival benefit, though 

they did augment antitumor immunity (64,65). Another 
interesting approach to augment the immunogenicity of 
tumor cell vaccines utilized Newcastle disease virus (NDV)-
infected irradiated tumor cells as a vaccine (66). This 
approach resulted in a 98% 2-year survival rate in patients 
with resected CRC, compared to 67% when treated with 
autologous tumor cells combined with BCG, suggesting 
that the immunogenicity of tumor cells can be altered 
to make them more immunostimulatory. However, the 
randomized phase III study of 50 patients with resectable 
CRC liver metastases vaccinated with NDV-infected tumor 
cells did not demonstrate improvement in overall survival, 
disease-free survival, or metastases-free survival (66). The 
experience with NDV-infected cells supports the notion 
that the immunogenicity of whole tumor cells needs to 
be improved for this vaccination strategy to be effective. 
However, as the randomized trial data demonstrated, 
further research into which specific agents for killing 
tumor cells (such as cytotoxic chemotherapeutics, ionizing 
irradiation, and chemical agents) can generate sufficiently 
immunogenic whole tumor vaccines to produce an adequate 
clinical anti-tumor response.

Peptide vaccines

One reason for the limited efficacy of whole tumor vaccines 
lies in the fact that tumor cells share the bulk of their antigens 
with normal cells and that the immune system is finely tuned 
to suppress immune responses against self-antigens. Thus 
in attempt to address this problem, many groups turned to 
peptide vaccines in order to develop an immune response 
against a specific known tumor antigen. Peptide-based  
vaccines are whole proteins or fragments of proteins 
typically generated from tumor-specific proteins that are 
administered with adjuvant. Compared to whole tumor 
vaccines, peptide vaccines have the potential to generate a 
more specific anti-tumor response by using antigens that are 
known to be expressed by tumor cells. Peptide vaccines have 
been generated for multiple tumor types including breast, 
prostate and pancreatic cancer (67-69). Thus far, similar to 
the whole cell vaccines they have shown limited efficacy in 
the clinical setting with many vaccines eliciting a specific 
response, but showing no effect on disease progression or 
survival benefit (62).

In CRC, multiple tumor-associated antigens have been 
identified and utilized for vaccination with varying success. 
Typically the peptides employed are designed for MHC Class 
I, the MHC recognized by CD8+ cytotoxic T cells. These 
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antigens include carcinoembryonic antigen (CEA) (70),  
mucin-1 (71), squamous cell carcinoma antigen recognized 
by T cells 3 (SART3) (72), β-human chorionic gonadotropin 
(β-hCG) (73), Survivin-2B (74) or p53 (75), all of which 
have been employed as targets for immunotherapy in CRC, 
as well as other tumors. Peptide vaccines targeting these 
tumor-associated antigens have been shown to induce an 
antigen-specific immune response, which in some cases 
correlated with improved survival. For example, in one phase 
II trial, vaccination with the β-hCG peptide induced anti-
β-hCG antibody production in 56 of 77 CRC patients (73)  
and, importantly, anti-β-hCG antibody induction was 
associated with longer overall survival. However, the 
majority of trials have not been able to demonstrate a 
correlation between an immune response and clinical 
outcomes. In SART3 peptide vaccine therapy, IgE-type  
anti-peptide antibodies were detected after vaccination; 
however, immunological responses were limited to 
patients expressing HLA-A24 (72). The results of the 
SART3 trial highlight one of the limitations of peptide 
vaccines: restricted antigen presentation due to the 
patient’s HLA type (76). However, peptide vaccines 
have other limitations including defective CD8+ CTLs 
due to the downregulation of certain antigens and 
MHC class I molecules (77), impaired DC function in 
patients with advanced cancer (78), and inhibitory tumor 
microenvironments, where immune suppressive cells such 
as Tregs and alternatively-activated macrophages exist (79).  
Given the relatively low efficacy of peptide vaccines, current 
strategies attempting to improve the response to peptide 
vaccines have focused on trying to increase the number of 
T cells that respond to the peptide. One strategy to do this 
has been to use a larger peptide to increase the number 
of epitopes and thus the number of T cells that may 
respond to a given antigen. In a phase I/II trial, 10 CRC 
patients were vaccinated twice with a set of 10 overlapping 
p53 synthetic long peptides (75). P53-specific CD4+ and 
CD8+ T-cell responses were observed in 9 of 10 CRC  
patients, and 6 of 9 tested patients maintained p53-specific 
T-cell reactivity for at least 6 months. New trials using 
peptide vaccines have also focused on administering the 
peptides with more effective adjuvants such as cytokines. 
A follow-up phase I/II trial with the p53-specific vaccine 
combined with interferon-alpha increased the number of 
interferon-gamma producing cells found in the circulation 
of patients with CRC (80). Thus, while early trials with 
peptide vaccines demonstrated low efficacy, new strategies 
to enhance the immune response show promise. 

Viral vector vaccines

The low efficacy of peptide vaccines results from their 
inability to generate a productive immune response against 
the peptide. Thus, other groups have taken the idea of a 
peptide and packaged it such that it would be presented in a 
more pro-inflammatory way. One such strategy is through 
the use of a viral or bacterial vector to which the body has 
already developed multiple pathways to recognize. Using a 
recombinant virus engineered to express tumor-associated 
antigens takes advantage of the fact that viruses are naturally 
immunogenic and typically infect antigen presenting 
cells (specifically DCs) (81). One of the more promising 
approaches to augmenting immune activation combines 
vaccination with tumor antigens plus co-stimulatory 
molecules in a viral vector. The CEA/TRICOM vaccine 
which combines radiation, vaccination with CEA with a viral 
vector that expresses the three co-stimulatory molecules 
(TRICOM) B7.1 (CD80), intercellular adhesion molecule 
1 (ICAM-1), and lymphocyte function-associated antigen  
3 (LFA-3) shows excellent efficacy in a murine model of 
colon cancer and appears to be safe in patients (82,83). 
In a series of studies, CEA-specific T cell responses were 
observed and disease stabilization was seen in up to 40% of 
patients with metastatic cancer (including CRC) (84,85). In 
a similar strategy, another group published a phase II clinical 
trial in patients with metastatic CRC that examined the 
efficacy of chemotherapy in combination with vaccination 
using a nonreplicating canarypox virus (ALVAC) expressing 
CEA and the T-cell costimulatory molecule, B7.1 (ALVAC-
CEA/B7.1). Anti-CEA-specific T cell responses were 
produced in 50% of patients undergoing chemotherapy and 
booster vaccination and objective clinical responses were 
observed in 40% of the patients (86,87). Current trials are 
underway attempting to further enhance the response by 
delivering the virus with tetanus toxoid and results from this 
strategy are still being accrued. Thus, viral vaccines produce 
significantly more effective responses compared to peptide 
vaccines, however clinical success remains elusive and is 
actively being pursued. 

DC vaccines

As detailed knowledge of the mechanism of an immune 
response has become available over the past decade, it 
has become apparent that it is critical to provide specific 
essential signals to the immune system in order to produce 
an effective immune response against a given antigen. 
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The three critical steps to activate a T cell are antigen 
presentation by MHC (signal 1), co-stimulation by an 
appropriate receptor-ligand pair (signal 2) and expression 
of key cytokines to direct the ensuing immune response. 
Peptide and viral vaccines depend on the use of adjuvants 
that stimulate an immune response themselves or the natural 
anti-viral immune response to produce their anti-tumor  
effect. The central cells for this process are DCs, which 
can provide all three signals for a productive anti-tumor 
immune response and thus, many groups have attempted 
to utilize DCs for vaccination (88). Many clinical trials of 
antigen-pulsed DCs have been completed in patients with 
various types of tumors, including CRC, and recent trials 
have begun to bear fruit (89). Several strategies for using 
DCs to generate an anti-tumor cytotoxic immune response 
have been developed. DCs have been pulsed with synthetic 
peptides derived from the known tumor-associated antigens, 
tumor cell lysates, apoptotic tumor cells or physically 
fused with whole tumor cells to induce efficient antitumor 
immune responses (Figure 2) (90-93). With respect to 
CRC, since CEA is a tumor-associated antigen expressed 
by most CRCs, many DC vaccines for CRC have utilized 
CEA peptides (94) or CEA-expression vectors (95). In 
these phase I clinical trials, the majority of vaccinated CRC 
patients demonstrated the induction of CEA-specific T cell 
responses. Furthermore, disease progression stabilized in 
several patients, and the vaccine was safe and well-tolerated. 
Despite the progress made in other cancers (89), there has 
not been a DC vaccine in CRC that has improved survival 
and the search continues for ways to improve the clinical 
efficacy of DC-based cancer vaccines for CRC.

Adoptive cell transfer (ACT) therapy

With the limited success of cancer vaccines for most 
tumor types including CRC (62), other strategies have 
been pursued that eliminate the need to develop a de novo 
immune response and circumvent the tumor-mediated 
suppression of an anti-tumor immune response. The most 
successful of these strategies has attempted to restore the 
cytolytic anti-tumor activity to a patient’s own T cells, 
thus taking advantage of the high specificity and targeting 
ability of T cells. This method, known as ACT therapy, 
extracts autologous T cells from the tumors of patients, 
activates them with cytokines and expands them into large 
numbers in vitro, all in preparation for transfer back into 
the patient (96). The main source for T cells for ACT 
comes from lymphocytes found in tumors themselves, 

known as TILs. It was recognized almost a decade ago that 
these cells are actually tumor-specific cells that had been 
actively suppressed by the tumor microenvironment (10,97).  
In ACT, the ex vivo expansion and addition of other  
co-stimulatory molecules and cytokines is thought to 
overcome tolerogenic mechanisms by selecting highly 
reactive T cell populations and activating them sufficiently to 
overcome the suppressive environment with the tumor (98).  
This approach has shown early and dramatic success in 
metastatic melanoma (97,99). However, there are several 
drawbacks to ACT that should be considered, including 
the high cost of the procedure, a potential lack of immune 
memory because the transfer is only activated effector cells, 
transient survival of the activated effector cells in patients, 
and the time (1-4 months) required to expand the cells. 
Additionally, as data from several early trials revealed, there 
is also a potential risk for severe adverse events (100,101).

Unfortunately, the use of TILs is currently largely 
limited to patients with melanoma, a reflection of the 
higher immunogenicity of melanoma in comparison to 
other cancers which often do not have infiltrating T cells 
with as high numbers or specificity. To address this, several 
groups have genetically engineered T cells to express T cell 
receptors (TCRs) with predetermined affinity to specific 
antigens to facilitate the targeting of virtually any tumor 
type. Several groups have shown promising data using T 
cells engineered to express high avidity TCRs to target 
tumors of various histological origins (102,103). However, 
these TCRs are limited to patients with the corresponding 
MHC haplotype. Thus, other groups have sought to 
engineer antibody-based chimeric antigen receptors (CARs). 
These receptors express a single chain variable fragment 
derived from a tumor antigen-recognizing monoclonal 
antibody fused to intracellular T cell signaling domains. 
With specificity provided from the antibody recognition 
of the antigen, these receptors can be used universally 
across all patients since CARs target native antigens on the 
surface of tumors without MHC restriction. This approach 
has shown early success for acute and chronic lymphoid 
leukemia (104,105). 	

Given the low number of TILs in CRC, most of the 
recent trials have focused on using engineered T cells. 
Parkhurst et al. conducted a phase I trial in colon cancer 
using human T cells modified to express a high avidity 
CEA-specific murine TCR (100). Three patients with 
metastatic colon cancer were treated with these engineered 
T cells, all of which experienced decreased serum CEA 
levels and one of which experienced an objective clinical 
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response. However, all patients developed a severe transient 
inflammatory colitis. Severe side effects also were seen 
in one patient treated with Her2-specific CAR T cells 
for metastatic colon cancer (101). Thus, ACT has failed 
to demonstrate safety and efficacy in CRC patients and 
future studies will have to identify mechanisms that allow  
CAR-expressing T cells to selectively eliminate cancer cells, 
but leave normal tissues unaffected.

Antibody-based cancer immunotherapy

Monoclonal antibodies (mAbs), which have high specificity, 
have been clinically effective as cancer therapeutics 
for decades (106). Antibodies such as cetuximab and 
panitumumab which both target EGFR and bevacizumab 
which targets VEGF have been approved and are in current 
use for the treatment of CRC in the United States. Many 
other mAbs targeting other pathways are currently being 
tested in clinical trials (107). These pathways are thought to 
induce tumor cell death by several mechanisms, including 
disruption of vital signaling pathways and engaging innate 
immune effector mechanisms that recognize the Fc portion of 
the antibody via Fc receptors and induces antibody-dependent 
cytotoxicity through various cellular mechanisms (108).  
These targeted therapies are generated to block specific 
pathways and discussion of their effects on these signaling 
pathways is reviewed elsewhere (109). 

Different from targeting the tumor themselves, a new 
class of antibodies that target the suppressive mechanisms in 
the tumor microenvironment has become available and have 
shown, in some cases, dramatic and unexpected efficacy (110).  
Known as checkpoint inhibitors, mAbs targeting the 
inhibitory immune receptors CTLA-4, programmed cell 
death 1 (PD-1), and PD-1 ligand (PD-L1) have produced 
successful results in patients with advanced melanoma 
and NSCLC (111-113). The success of targeting these 
suppressive pathways has generated tremendous excitement 
and trials are underway now that have the potential to 
radically change the concept of how we view the treatment 
for cancer. However, early data regarding the potential 
role for checkpoint inhibition in CRC suggests that anti-
CTLA-4 may have limited efficacy as a single agent (114). 
Furthermore, preliminary studies on CRC revealed that 
CRC has low expression of PD-L1, suggesting that CRC 
may not respond to PD-1 or PD-L1 inhibition (115).  
Further study is warranted in the setting of CRC to 
determine if other therapies in conjunction with checkpoint 
inhibition would prove more successful. 

Combined immunotherapy: key to success?

The modest success of current immunotherapeutic 
strategies in CRC highlights the relatively resistant nature 
of CRC to immune-based therapies. The mechanism 
underlying this resistance may have to do with an underlying 
connection between the immune factors that are known to 
drive and determine the behavior of CRC. As a tissue that 
is in constant contact with antigens from the microbiota, 
it is not surprising that CRC may have developed strong 
mechanisms to suppress an immune response, though these 
factors remain unidentified and appear not to be driven by 
the PD-1-PD-L1 pathway (115). However, it may be that 
combinations of immunotherapy or more conventional 
chemotherapy and radiation with immunotherapy will hold 
the key to developing an anti-tumor immune response. For 
example, one strategy might involve stimulating an immune 
response via vaccines, in combination with blocking 
inhibitory pathways such as CTLA-4 or PD-1. This would 
combine the strengths of a vaccine for developing an anti-
tumor immune response to override mechanisms that delete 
anti-tumor immune cells and a checkpoint inhibitor to block 
inhibition of anti-tumor immune responses to overcome 
the suppressive microenvironment. Early clinical trials 
support this notion with growing evidence indicating that 
combined targeted therapies and simultaneous blockade of 
multiple immune checkpoints promotes therapeutic synergy 
and long-term antitumor immunity leading to improved 
clinical outcome in melanoma patients (116). Further, it has 
become increasingly evident that the efficacy of radiation 
and certain chemotherapies depends on the development 
of an immune response to the cell stress and death caused 
by these agents (117-119). Combining immunotherapeutics 
with novel immunostimulatory applications of more 
traditional cytotoxic agents has also shown early signs of 
success (120). 

Conclusions

Tremendous progress has been made in understanding the 
role of the immune system in driving the development of 
cancer, including CRC. This understanding has revealed 
two trends that have and will continue to influence the 
treatment of cancer for the foreseeable future: the use of 
immune cells markers to predict cancer outcomes and 
targeting various aspects of the immune system to generate 
an anti-tumor immune response. With respect to the 
treatment of CRC, the development of the immunoscore is 
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well underway and will likely emerge as a critical prognostic 
tool in the clinic. Unfortunately, effective immunotherapies 
in CRC remain elusive. The complex role of the GI tract, 
particularly the colon and small intestine, in shaping 
systemic immune responses is likely to account for some of 
the difficulties in developing effective immunotherapeutics 
for CRC. The most promising avenues for therapy 
going forward will likely be combinations of cytotoxic 
therapies such as chemotherapy and radiation and multiple 
immunotherapeutic modalities. Trials that make use of our 
increasing understanding of the immune system in CRC are 
currently underway and will no doubt continue to expand 
our knowledge of where immunotherapeutics fit in our 
current treatment paradigms. 
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