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Abstract: Colorectal cancer (CRC) continues to be a significant
public health problem worldwide. CRC screening programs
have reduced the incidence rates of CRCs but still suffer from the
problems of missed lesions and interval cancers. Chemopreventive
strategies against CRC would benefit high-risk populations but
trials testing synthetic and naturally occurring compounds have not
yielded a front runner. Immune mechanisms promoting cancer have
been modulated to develop immunotherapy for cancer treatment
that has revolutionized cancer management, but could also be
applied to cancer interception, that is, cancer immunoprevention.
Cancer immunoprevention refers to approaches that can enhance
the immune system, either directly or by removing natural breaks
such as immune checkpoints, to survey and destroy tumor cells. In
this primer, we aim to explain the concepts behind vaccine-based
cancer immunoprevention. Multiple cancer vaccines have been tried
in advanced cancer populations, but most have failed primarily
because of an immunosuppressive environment that accompanies
advanced cancers. Preventive vaccines in immunocompetent hosts
may have a better clinical response compared with therapeutic
vaccines in immunosuppressed hosts. The first randomized
controlled trial testing the mucin1 vaccine against CRC in the
prevention setting has been successfully completed. For the benefit
of the clinician, we briefly discuss important concepts related to
the workings of preventive vaccines. Prevention with vaccines is
a highly attractive approach because of the potential for highly
targeted therapy with minimal side effects that could theoretically
provide lifelong protection.
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C olorectal cancer (CRC) is the third most common
cancer globally, representing 10% of cancer diagnoses

and 9.4% of cancer deaths worldwide.1 Because of its public

health importance, multiple cancer prevention societies
endorse CRC screening through one of the many established
modalities.2,3 If an option such as fecal blood or stool DNA
testing is chosen, then the abnormal result is followed by
colonoscopy, which is the only modality that can not only
detect CRC, but also can remove precancerous lesions to
prevent CRC. Although data from ongoing randomized
controlled trials of colonoscopy are not available, extrap-
olation from randomized controlled trials of flexible sig-
moidoscopy supports the potential efficacy of adenoma
removal in preventing the development of CRC.4,5 How-
ever, interval cancers continue to occur because of missed
lesions or incomplete resection of existing lesions.5,6 Worthy
of additional concern is the documented trend of rising
incidence and mortality of CRC in adults below 50 years of
age in the United States.7 Therefore, continued efforts to
develop novel approaches for CRC prevention are needed.

Chemopreventive strategies using synthetic and natu-
rally occurring compounds have not yielded a front runner
for CRC prevention. Aspirin in doses of 75 to 300 mg
showed a lot of promise at reducing both incidence and
mortality of CRC.8 Higher dose of aspirin at 600 mg was
tested in patients with Lynch syndrome as demonstrated in
the CAPP2 (Colorectal Adenoma/Carcinoma Prevention
Programme 2) trial. In this trial, the investigators random-
ized patients with Lynch syndrome to receive either
600 milligrams of aspirin per day or placebo and showed
~40% reduction in CRC incidence in those receiving aspirin
at 20-year follow up.9 However, recent data from the
Aspirin in Reducing Events in the Elderly (ASPREE) trial
showed that low-dose (81 mg) aspirin use increased the risk
of advanced stage CRC in older adults.10 Thus, the pre-
ventive effects of aspirin against CRC may depend on the
patient population and the dose. These factors need to be
carefully considered in future trials. Immune mechanisms
promoting cancer have been modulated to develop immu-
notherapy for cancer treatment that has revolutionized
cancer management,11 but could also be applied to cancer
interception, that is, cancer immunoprevention. Cancer
immunoprevention refers to approaches that can enhance
the immune system, either directly or by removing natural
breaks such as immune checkpoints, to survey and destroy
tumor cells. In this primer, we aim to explain the concepts
behind vaccine-based cancer interception. Vaccines can
train the immune system to recognize aberrantly expressed
human antigens on epithelial cells with subsequent elimi-
nation of these abnormal cells to prevent malignant pro-
gression. This approach can work because the molecular
pathogenesis of the majority of colorectal tumors is well-
established by the adenoma-carcinoma sequence which
describes the transformation of the epithelium from normal
to dysplastic because of the accruement of multiple tumor-
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associated mutations.12 Another distinct pathway for colon
tumorigenesis is the serrated polyp pathway, which repre-
sent ∼10% of all CRC. Although the tumorigenesis path-
ways are different between adenomatous versus serrated
polyps, several of the antigens, for example, mucin1
(MUC1) being targeted by the current vaccines are shared
between the 2 forms of polyps.13 Therefore, the current
vaccines under investigation targeting the adenomatous
pathway may also prevent CRCs arising from the serrated
pathway but will need to be formally tested in clinical trials
targeting patients with serrated polyps.

Prevention with vaccines is a highly attractive
approach because of the potential for highly targeted ther-
apy with minimal side effects that could theoretically pro-
vide lifelong protection.14 Well-designed vaccines may
prime T cells to recognize tumor antigens on preadenomas
to shift immunosurveillance from equilibrium to elimination
at the premalignant stage.14,15 Short-term treatment could
lead to long-term prevention. The majority of the work
using vaccines in the field of CRC has been done in patients
with established cancers, many of who have metastatic
disease. However, extensive work suggests that admin-
istration of vaccines during advanced stages in carcino-
genesis has limited effects because of the patients’ inability
to mount an effective immune response.14,16,17 Therefore,
there has been renewed interest in testing vaccines against
CRC in the prevention setting. The impetus for this primer
was successful completion of the first randomized controlled
trial testing the MUC1 vaccine against CRC in the pre-
vention setting (NCT02134925). For the benefit of the
clinician, we briefly discuss important concepts related to
the workings of preventive vaccines including mechanisms,
efficacy and safety as we approach an era where clinicians
may prescribe cancer vaccines for immunoprevention in
high-risk patients for CRC interception. Important concepts
discussed in this review are defined in the Table 1.

IS VACCINE-BASED CANCER PREVENTION
FEASIBLE?

Immunosurveillance, as a theoretical construct, describes
a process by which the immune system is able to recognize and
destroy cells that have gained oncogenic mutations.15 How-
ever, the complexity of the interplay between tumor and host
cells is better captured by the conceptual model of

immunoediting, which describes three sequential phases of
antitumor immunity: elimination, equilibrium, and escape.18

Elimination describes the initial immune response elicited by
oncogenic mutations. Equilibrium refers to the subsequent
phase characterized by selection pressure in which only cells
capable of evading the immune response survive and
replicate. Escape refers to the phase resulting from equilibrium
and is characterized by an immunosuppressive micro-
environment that fosters uninhibited tumor growth.19 With
this in mind, we can come to appreciate the powerful concept
of immunoprevention: tailoring the host immune response to
influence and thus prevent cancer initiation.

CRC develops in a stepwise manner directed by a series
of genetic and epigenetic changes, which produce antigens
that are detectable by the immune system. Peptide antigens
are presented to T cells in HLA class I and II molecules by
antigen-presenting cells (APCs), primarily dendritic cells
(DCs). A selection of immune effector mechanisms come
into play to recognize abnormal cells.20 Natural killer (NK)
cells facilitate the innate immune response, eliminating the
tumor cells once identified.21 In contrast to the innate
immune response, the adaptive immune response involves
CD8+ cytotoxic lymphocyte-mediated killing of cancer cells,
a process intimately regulated by CD4+ T helper cells and
regulatory T cells (Tregs).22 Humoral responses are also
deployed when tumor antigens trigger specific antitumor
antibody production through mature B cells.23 Innate
immunity is nonspecific and short-term, whereas adaptive
immunity is specific and durable. It is known that high
tumor-infiltrating lymphocyte density is a good prognostic
factor in many types of cancer including CRC.24 All in all;
the consensus gleaned from both mouse models and human
studies provides ample support for the existence of cancer
immunosurveillance.

Vaccines may help overcome the immunosuppressive
environment permissive to cancer growth and shift the host
response from that of equilibrium to elimination of tumor
cells. The tumor burden, the tumor mutational load, and the
immunosuppressive microenvironment dictate the success
of this strategy. The discovery of many early lesion-
associated tumor antigens cements immunoprevention as
a viable pathway for CRC prevention. Concerning vaccines,
their success in preventing viral infection-induced cancers will
hopefully transfer into immunoprevention of nonviral cancers,

TABLE 1. Important Concepts Related to Vaccine-Based Immunoprevention

Term Definition

Elimination Elimination refers to the process by which the immune system detects and eliminates developing tumor
cells

Equilibrium The phase of antitumor immunity characterized by tumor dormancy in which a proportion of variant
tumor cells become capable of evading the immune response

Escape The final phase of antitumor immunity characterized by an immunosuppressive microenvironment that
fosters uninhibited tumor growth

Humoral immunity Immunity mediated by antibodies against extracellular antigens
Cellular immunity Immunity mediated by T cells against intracellular antigens
Tumor-associated antigen (TAA) A protein that is normally expressed in the human body but is either overexpressed or modified in tumor

cells, for instance, hypoglycosylated MUC1 overexpressed in adenomatous polyps and
adenocarcinomas

Tumor-specific antigen (TSA) Neoantigen that is not expressed in normal cells but is generated because of somatic mutations within
tumor cells,23,24 for instance, frameshift peptides expressed within tumors in the background of
inherited gastrointestinal cancer syndromes such as Lynch syndrome

Chemoprevention The use of medications to prevent the development or progression of cancer
Immunoprevention The concept of preventing cancer development using agents that enhance the immune system to survey

and destroy tumor cells
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like CRC. MUC1 antigen vaccines are already in clinical trial
(NCT02134925). Similar ventures using CEA-specific vaccine
regimens or therapeutic vaccines with tumor antigens like
KRAS and TP53 are being investigated.25,26 Thus, CRC
prevention is a fertile ground for cultivating this modality.

With deeper understanding of antitumor immunity has
come the concept of immunoprevention, which aims to
weaponize the host immune response against tumorigenesis
and thus prevent cancer development through the use of
medications and/or vaccinations.19 If used in the appropriate
population, immunoprevention is a powerful tool capable of
revolutionizing the way we practice cancer prevention.

CHOICE OF ANTIGENS TO INCLUDE IN THE
CANCER PREVENTION VACCINES

The two types of antigens that can be incorporated into
cancer vaccines are tumor-associated antigens (TAAs) and
tumor-specific antigens (TSAs). TAA refers to proteins that
are normally expressed in the human body but are either
overexpressed or changed in some way, such as altered gly-
cosylation, during tumorigenesis.27 TSAs are neoantigens
that are not expressed in normal cells but are generated
because of somatic mutations within tumor cells.27,28 Both
TAAs and TSAs can be recognized by the immune system to
generate both humoral and cellular immune response.29 The
selection of target antigens (TAAs and TSAs) for vaccine
development is a complex process and needs a team science
approach with coordinated efforts between cancer biologists,
immunologists, and bioinformatics specialists. The antigen
should be involved in tumorigenesis and should be sufficiently
immunogenic. The pipeline to design a vaccine for clinical
trials is illustrated in Figure 1.

TAAs that are expressed in precursor lesions such as
adenomatous polyps and serrated polyps represent significant
opportunities as potential targets for immunoprevention. One
of the best studied and promising TAAs is MUC1.30 Typi-
cally, there is a low-level expression of heavily glycosylated

MUC1 on the apical surface of healthy epithelial cells of
various organs like the colon. It has been seen, however, that
most adenocarcinomas and their premalignant lesions over-
express hypoglycosylated MUC1. A colitis-associated colon
cancer model showed that hypoglycosylated MUC1 pro-
motes inflammatory cytokine release, encouraging tumor
growth and positive feedback on MUC1 expression.31

TSAs that are generated through frameshift mutations
are exciting candidates for vaccines because of tumor-
specific expression that could lead to vaccine-based
destruction of tumor cells with preservation of normal
cells.32 TSA-based vaccines may be more applicable to
tumors that occur in the background of inherited gastro-
intestinal cancer syndromes such as Lynch syndrome. This is
discussed later in this article.

The efficacy of TAA-based versus TSA-based vaccines
may depend on the tumor stage. For instance, a pioneering
study that used sequencing to understand the immunology
of the premalignant stage of CRC in patients with Lynch
syndrome showed minimal expression of TSAs in the pre-
cancer stage.33 More work is needed to understand the
clinical usefulness of TAA-based versus TSA-based vaccines
for CRC prevention.

CAN VACCINES WORK IN THE PREVENTION
SETTING?

Multiple cancer vaccines have been tried in advanced
cancer populations, but most have failed.14,28,34,35 The 2
main reasons these vaccines have failed are: 1) low levels of
circulating immune cells17 (animal studies have shown that
higher levels of circulating CD8+ cells are needed to cause
tumor regression36); and 2) immunosuppressive tumor
microenvironment in advanced cancers that can suppress
immune response to cancer vaccines.14 It has been suggested
that past exposure to tumor antigens may be critical in the
development of a tumor-specific response because cancer
prevention vaccines are expected to potentiate pre-existing

FIGURE 1. The process of development of a preventive cancer vaccine.
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tumor immunity.27 Experimental support for the feasibility
of cancer preventive vaccines comes from an elegant study
of cytokine-expressing whole tumor cell-based therapy.37

The investigators engineered a whole cell CT26 colon cancer
vaccine to secrete a complex of interleukin (IL)-15 and
IL-15Ralpha to boost vaccine-based immunity and then
tested immunization of mice both in the prevention and the
treatment setting. Although the immunization in the treat-
ment setting delayed tumor growth in a syngeneic mouse
model, immunization in the prevention setting was much
more effective by preventing 80% of the tumors for clone 1
vaccine and 100% of the tumors for clone 2 vaccine com-
pared with 0% in the control group. This approach provided
immunity for up to 3 months with generation of durable
immune responses. In another study comparing the effects
of vaccination for prevention versus treatment, mice were
injected with recMASH2 [Human achaete scute homolog 2
(HASH2) and its murine ortholog MASH2] combined with
a proprietary AS15 immune enhancer.38 In the prevention
cohort of mice (adapted from APCmin mice: in this model,
mice develop spontaneous colorectal tumors), when mice
were vaccinated before tumor establishment, the number of
colonic microadenomas were significantly reduced. How-
ever, in the treatment setting, when mice with established
tumors were studied, there was no significant difference.
Thus, vaccines may work better in the prevention setting
compared with the treatment setting.

WHAT KIND OF IMMUNITY (HUMORAL VS.
CELLULAR) MAKES THE CANCER PREVENTION

VACCINES EFFECTIVE?
Humoral immunity refers to B-cell-mediated immunity

whereas cellular immunity refers to T-cell-mediated immunity
(through helper CD4+ T cells and cytotoxic CD8+ T cells).
The relative benefit of humoral versus cell-mediated
immunity depends on the location of the tumor antigen. For
intracellular proteins, circulating antibodies may not play a
direct role in tumor cell killing. For instance, a study that
targeted a tumor antigen MAGE-A3 (with a stimulant)
showed that depletion of B cells did not affect the antitumor
effect, thus raising doubts about the importance of humoral
immunity. However, immune complexes formed between the
circulating antibodies and the tumor antigens could be taken
up by the APCs such as DCs and then cross-presented to
T cells to promote immunity.39 Thus, humoral immunity
could enhance overall tumor immunity.

The relative importance of CD4+ and CD8+ T cells is
not entirely clear for antitumor immune effects against
CRC. Histologic studies showed that increased infiltration
of CRC tumors by memory CD8+ T lymphocytes was
predictive of reduced risk of recurrence and improved
survival.40–42 Multiple studies suggest that cytotoxic CD8+

T cells may be the primary cells responsible for tumor
elimination.40,43 However, CD4+ T cells appear to be nec-
essary to generate adequate immune responses to tumor
antigens.44 Using genomewide approaches, investigators
showed that CD4+ T cells help optimize the activity of
cytotoxic T cells by creating a specific pool of effector
memory T cells with antigen recall properties.45 Although
CD8+ T cells are the main effector cells for tumor erad-
ication, CD4+ helper T cells are needed to maintain optimal
protective immunity and to generate memory CD8+ cells.46

On the basis of the above data, the most effective vaccines
will be the ones that lead to both CD4+ and CD8+ T-cell

responses. That being said, the overall mechanisms for
vaccine-induced antitumor immunity are complex, making
it critical to measure clinically relevant endpoints in studies
of cancer prevention vaccines. The ideal clinically relevant
endpoint would be the CRC incidence, however, the costs of
such a study will be prohibitive. Therefore, previous trials
(NCT02134925) have included adenoma recurrence rate as
a surrogate endpoint to test the vaccine efficacy but in an
enriched population such as patients with advanced
adenomas.

VACCINES AGAINST SINGLE VERSUS MULTIPLE
EPITOPES

Earlier, we discussed that cancer prevention vaccines
need to target either TAAs or TSAs. Multivalent vaccines
can lead to a diversified portfolio of antigen-specific T cells
with improved tumor control. This can also protect against
the effects of tumor immunoediting with selection of tumor
cells resistant to vaccination because of downregulation of
one or more of the tumor antigens. Support for a multi-
antigenic approach comes from a study in a mouse model of
breast cancer where, after the development of preinvasive
lesions, mice were immunized with a multivalent peptide
vaccine against 3 antigens: neu, insulin-like growth factor-
binding protein 2 and insulin-like growth factor receptor-I.47

The multiantigen vaccine was more effective than the indi-
vidual vaccines preventing palpable tumors in 65% of
mice.47 A problem with using a multivalent vaccine is
antigenic competition between the individual antigens.48

However, studies suggest that this may be more of a theo-
retic concern. In an innovative study, the investigators used
a synthetic DNA vector that contained 3 cancer-specific
epitopes in tandem. The multivalent DNA vaccine resulted
in T-cell responses to all 3 tumor antigens and inhibited
tumor growth of MC38 colon cancer cell line in combina-
tion with PD-1 blockade.49 Another approach that has been
used to promote immunity against multiple tumor antigens
is introduction of inactivated whole cancer cell vaccines to
introduce a variety of TAAs. A fundamental problem with
this approach, however, has been that the precise mecha-
nism of action remains unclear which makes it difficult to
further improve the technology. A multivalent vaccine is
appealing because it may be more effective by generating a
broad repertoire of antigen-specific T cells against multiple
antigens such that even if the cancer cells lose one of the
antigens, immunity against other antigens can still prevent
tumor growth. HLA polymorphism is an important issue
that can affect antigen recognition. As discussed earlier,
processed tumor antigens (TAAs or TSAs) are presented
within the HLA molecules for recognition by the effector
T cells. Thus, HLA expression on the host tumor cells may
determine vaccine efficacy50 and needs to be considered as a
variable to interpret vaccine failures. Further research is
needed.

CANCER PREVENTION VACCINES NEED AN
IMMUNE ADJUVANT TO BOOST THE IMMUNE

RESPONSE
Extensive literature suggests that vaccines with tumor

antigens alone may not be sufficient but indeed need an
immunoadjuvant to maximize immunogenicity and generate
high numbers of circulating immune cells.17,51 Various agents
have been tried to maximize vaccine(s)’s immunogenicity.51 A
toll-like receptor-3 agonist has been used in the previous
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MUC1 peptide vaccine trial and was well-tolerated.52 Inter-
leukin-12 had high liver and bone marrow toxicity in early
phase cancer clinical trials.53 An investigational IL-15
superagonist, is a newer immune adjuvant that based on
administration to over 600 participants in 25 completed and
ongoing studies has an acceptable safety profile.54 One of the
biggest advantages of adding IL-15 superagonist is its pro-
motion of NK cells to infiltrate into tumors. This is important
because depletion of NK cells in mice has been shown to
impair tumor-specific T-cell immunity during cancer cell
vaccination.55 In addition, activated NK cells kill immature
DC responses but spare mature DC responses to guarantee
successful T-cell priming.56,57 In addition, NK cells can
directly kill tumor cells through activating receptor engage-
ment or antibody-dependent cell-mediated cytotoxicity.

Immune checkpoint inhibitors can be powerful adju-
vants to promote immune responses to cancer vaccines. In a
study that tested a synthetic multivalent DNA vaccine
encoding three cancer-specific epitopes in tandem, T-cell
responses were seen to all 3 tumor antigens and inhibited
tumor growth of the MC38 colon cancer cell line.49 Strik-
ingly, this inhibition of tumor growth only occurred when the
vaccine was administered in combination with PD-1
blockade.49 This may be particularly relevant because
exhausted CD8+ T cells express a high level of immune
inhibitory molecules such as PD-1, LAG-3, and TIM3.58

Thus, immune checkpoint inhibitors could boost vaccine
efficacy by changing these exhausted T cells into activated T
cells but have the potential for autoimmune effects11 and need
further demonstration of safety in combination with vaccines.

CLINICAL DATA: ARE THE CANCER PREVENTION
VACCINES SAFE AND EFFICACIOUS?

As previously mentioned, the majority of vaccines have
been tested in patients with established cancers, many of
whom have metastatic disease. In this environment of
immunosuppression, the vaccines have not proven to be
efficacious.14 The first study to test the feasibility, more spe-
cifically, the safety and immunogenicity, of a preventive
vaccine against a nonviral TAA MUC1 in patients without
established CRC was performed in patients (N= 40) with
advanced adenomas as a single nonrandomized cohort
design.59 All participants received a peptide vaccine against
MUC1 along with an adjuvant, a TLR-3 agonist, after the
colon was cleared of all polyps including advanced adenomas.
The vaccine and the adjuvant were administered at 0, 2, and
10 weeks followed by a booster at 52 weeks. High levels of
MUC1 immunoglobulin G were seen in ~44% of the patients.
Of those who developed an immunogenic response to the
vaccine, 75% responded to the booster, suggesting that the
vaccine led to long-term memory responses which would be
needed for long-term prevention.59 This is in stark contrast to
the testing of vaccines in patients with established cancers,
where the vaccines must be repeatedly administered to
maintain immunogenicity. The primary reason for the vac-
cine’s failure to induce immunity in this study was the pres-
ence of circulating myeloid-derived suppressive cells, which
can suppress adaptive immunity.60 Most of the adverse events
were self-limiting injection site reactions and flu-like symp-
toms. The vaccine did not induce any new autoimmune dis-
eases. The randomized controlled trial testing this MUC1
peptide vaccine in patients with advanced adenomas has now
been completed (NCT02134925). Results are eagerly awaited.
Multiple other studies have evaluated the safety of cancer

vaccines. In a large study that looked at 200 phase I clinical
trials that enrolled 4942 patients, grade 3 or higher adverse
events occurred at a low rate of 1.25 and 2 per 1000 vaccine
administrations.61

VACCINES IN INHERITED GASTROINTESTINAL
CANCER SYNDROMES

A vaccine for clinical use is not yet available in patients
with familial adenomatous polyposis, but may be feasible.
Using the well-established APCmin mouse model of familial
adenomatous polyposis, investigators targeted ERBB3 that
is required for polyp formation.62 By using a synthetic
ERBB3 peptide to vaccinate the mice, they significantly
reduced the number of polyps by 100 days of age after 3
injections with the development of both humoral and cel-
lular immunity. Sera from immunized mice inhibited the
activity of ERBB3 in an in-vitro cell-based ERBB3 activa-
tion assay. Remarkably, the offsprings of vaccinated
females also had significantly reduced polyp formation. The
mode of transmission of this passive immunity was through
milk, suggesting it was antibody mediated. The immuno-
genicity rate was 63%.62 We may be closer to a vaccine in
patients with Lynch syndrome. Phase 2 trials are testing a
multivalent vaccine targeting three TAAs MUC1, CEA,
and brachyury in patients with Lynch syndrome
(NCT05419011). Another vaccine that will target TSA in
patients with Lynch syndrome is also ready to be tested in a
Phase 1 trial (NCT05078866). TSA may be particularly
relevant to the Lynch population because DNA mismatch
repair deficiency causes frameshift mutations to generate
TSA and vaccines targeting TSAs were immunogenic and
safe in this population.32 The relative efficacy of the 2 vac-
cines (against TAAs vs. TSAs) remains to be determined but
it is possible that both vaccines may work synergistically for
prevention of CRC in Lynch syndrome.27 As discussed
earlier, Lynch polyps may not express these TSAs,33

although the TSA-based vaccine could still target alternate
pathways of cancer development besides classic adenomas
in patients with Lynch syndrome.

CHEMOPREVENTION BOOSTING
IMMUNOPREVENTION

An important strategy in the fight against CRC
involves harnessing the power of the immune system
through immunomodulation with medications or natural
substances. Many known chemopreventive agents63 have
been shown to accomplish their antitumor effects at least in
part through immunomodulation. The efficacy of chemo-
prevention through immunomodulation serves as a prece-
dent for the development of novel immunomodulatory and
immunopreventive agents. Nonsteroidal anti-inflammatory
agents (NSAIDs), for example, have reliably demonstrated
an association with a reduced risk of CRC.64 Though the
mechanism of tumor prevention is not entirely understood,
NSAIDs have been shown to stimulate an antitumor
immune response through a variety of mechanisms that
contribute to this effect.24,65 One such mechanism is through
reversal of the PGE2-induced immunosuppressive micro-
environment that otherwise would facilitate evasion of the
host antitumor immune response.66 NSAIDs inhibit COX-1
and COX-2, which stimulates production of PGE2 to induce
an immunosuppressive microenvironment through its
inhibition of DC entry and activity within the tumor.67 As a
parallel to NSAID induced inhibition of COX-1/2, genetic
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ablation of PGE2 in mouse models has been shown to
effectively reverse the immunosuppression and thus render
the tumor cells susceptible to host immunosurveillance.66

A multicenter phase I clinical trial studying the role of
naproxen for CRC prevention in patients with Lynch syn-
drome demonstrated that naproxen actually acts as an
immunostimulant in the colorectal mucosa by activating T
cells and DCs.68 In an elegant study, naproxen significantly
improved overall survival in a mouse model of Lynch syn-
drome when these mice were vaccinated with a vaccine
containing 4 frameshift peptide neoantigens.32 This suggests
the potential for naproxen and other NSAIDs to be used as
an adjunct to vaccination to improve efficacy for CRC
prevention.

CONCLUSION
The application of immunoprevention strategies in

CRC is an exciting, though, thus far, largely an unexplored
avenue. The role of the immune system in the life cycle of
colonic neoplasms represents a significant source of power in
the fight against cancer that has yet to be fully appreciated.
Though large strides have been made in this regard, much
remains to be understood. Key to the development of effi-
cacious immunoprevention is delineating the specific
mechanistic interplay between immunosurveillance and
tumor escape tactics. Also of significance is determining the
patient population in which the benefits outweigh the
potential risks of immunoprevention therapies, especially
cancer prevention vaccines. Wholesome understanding of
these complexities will create opportunities for targeted,
cost-effective strategies with the potential to revolutionize
the world of cancer interception.
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