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a  b  s  t  r  a  c  t

Cancer  immune  evasion  is  a major  stumbling  block  in designing  effective  anticancer  therapeutic  strate-
gies.  Although  considerable  progress  has been  made  in  understanding  how  cancers  evade  destructive
immunity,  measures  to counteract  tumor  escape  have  not  kept pace.  There  are  a number  of  factors  that
contribute  to  tumor  persistence  despite  having  a normal  host  immune  system.  Immune  editing  is  one
of  the  key  aspects  why tumors  evade  surveillance  causing  the  tumors  to  lie  dormant  in patients  for
years  through  “equilibrium”  and  “senescence”  before  re-emerging.  In  addition,  tumors  exploit  several
immunological  processes  such  as targeting  the  regulatory  T cell  function  or  their secretions,  antigen
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presentation,  modifying  the production  of immune  suppressive  mediators,  tolerance  and  immune  devia-
tion.  Besides  these,  tumor  heterogeneity  and metastasis  also  play a critical  role  in  tumor  growth.  A  number
of  potential  targets  like  promoting  Th1, NK  cell, ��  T cell  responses,  inhibiting  Treg  functionality,  induc-
tion  of IL-12,  use  of  drugs  including  phytochemicals  have  been  designed  to counter  tumor  progression
with much  success.  Some  natural  agents  and  phytochemicals  merit  further  study.  For  example,  use  of
certain  key  polysaccharide  components  from  mushrooms  and  plants  have  shown  to  possess  therapeutic
impact  on  tumor-imposed  genetic  instability,  anti-growth  signaling,  replicative  immortality,  dysregu-
lated metabolism  etc.  In  this  review,  we  will discuss  the  advances  made  toward  understanding  the  basis
of  cancer  immune  evasion  and  summarize  the  efficacy  of  various  therapeutic  measures  and  targets  that
have  been  developed  or are  being  investigated  to enhance  tumor  rejection.

©  2015  Elsevier  Ltd.  This  is an  open  access  article  under  the CC BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Cancer remains one of the leading causes of death globally,
with an estimated 12.7 million cases around the world affecting
both sexes equally. This number is expected to increase to 21
million by 2030. The immune system interacts intimately with
tumors over the entire process of disease development and pro-
gression to metastasis. This complex cross talk between immunity
and cancer cells can both inhibit and enhance tumor growth
and is now classified as a hallmark of cancer [1]. The balance of
these actions between and across the hallmarks determines the
eventual outcome, which in the case of clinically overt cancer
results from evasion of the destructive elements of the immune
response by the tumor. Mechanisms resulting in evasion of immune
attack include the selection of tumor variants resistant to immune
effectors (sometimes designated “immunoediting”) and progres-
sive formation of an immune suppressive environment within the
tumor. Although considerable knowledge has been accumulated
on how tumors avoid immune destruction, discovering effective
cancer therapies still remains a daunting task for the researcher
and clinician. In this report, we will briefly present an overview of
how tumors evade immune surveillance by focusing on how the
immune system reacts to the development of tumors, how certain
cancers evade immunity, and what measures can be taken to erad-
icate cancer. We  will address important aspects of tumor and host
immune interactions as set out below.

2. Tumors and immunity

The involvement of the host immune system in cancer progres-
sion is well established, although greater emphasis has been placed
on tumor eradication by immunity than tumor immune potentiat-
ion, which may  be equally important. These interactions between
the immune system and the tumor occur through complex events
that usually eventually climax either in successful tumor eradica-
tion or immune evasion by the tumor [2].

2.1. Relationship between tumor formation and immune
responses

Tumor development and survival is a chaotically governed pro-
cess involving the interplay between cancer cells, normal stromal
cells and host defense mechanisms. Several other factors such as
cellular changes due to infection or disease-induced stress may
also contribute to tumor growth or tumor suppression. Generally,
CD8+ cytotoxic T cells (CTL) and CD4+ helper T (Th)1 cells curb
cancer development via mechanisms commonly involving their
production of interferon (IFN)-�  and cytotoxins [3] but other fac-
tors such as chronic inflammation may  override these effects to
promote cancer development [4,5]. For example, the risk of overt
hepatocellular carcinoma (HCC) appears to be closely linked to the
duration of the Hepatitis B and C viral-induced inflammatory state

[6–9]. Compelling evidence has also documented, both in animal
tumor models and in human cancers, that chronic inflammation
plays a critical role in the development of colon and pancreatic can-
cers [6]. Therefore, when beneficial acute responses fail to resolve
tumors/cancer, lingering chronic inflammation can lead to pro-
motion of tumor cell growth and angiogenesis [6,10]. In addition,
ongoing activity due to autoimmune disease has also been shown
to support development of many cancers including lymphoma
[6,10–12].

2.2. Tumor progression and immunity

Vital fundamental discoveries made over the last few decades
have unequivocally shown that the immune system plays a critical
role in maintaining an equilibrium between immune recognition
and tumor development with a dual capacity to both promote and
suppress tumor growth. These discoveries collectively support the
concept of “immunoediting” and help to explain why tumors can
sometimes lie dormant in patients for years before re-emerging,
and why  tumors grow despite the host having a fully functional
immune system [13]. During cancer immune editing, the immune
system is able to recognize and destroy the most immunologi-
cally vulnerable cancer cells because they present tumor antigens,
resulting in their elimination [14]. Nonetheless, due to genetic
instability, constant tumor cell division can generate with reduced
immunogenicity that can evade immune elimination. This state of
production of new tumor cell variants balanced by the elimina-
tion has been dubbed “equilibrium”, during which the cancer cells
continue to divide, accumulating mutational changes by chance
or in response to immune-induced inflammation. Thus, a balance
between immune control and tumor growth is maintained, giving
the appearance of tumor dormancy [15]. However, these processes
eventually enable tumors to impair the capacity of the immune
system to eradicate them by immune suppressive effects or by loss
of target antigen expression. It is at this stage that tumor escape
occurs, resulting in overt clinical cancer. Nonetheless, there may
also be conditions under which tumor cells are truly dormant, for
example by induction of “senescence”. In this case, they would be
likely to remain dormant permanently, as replicative senescence is
generally believed to be irreversible [16].

2.3. Factors that tumors exploit to avoid immune responses

2.3.1. Regulatory cells
Immune suppression in the tumor microenvironment, mediated

by CD4+CD25+ FoxP3+ regulatory T cells (Tregs), or other types of
suppressive cells, seems to be a major mechanism of tumor immune
escape and can be a crucial hurdle for tumor immunotherapy [17].
A number of studies have shown that tumor-derived Tregs have
comparatively higher suppressive activity than naturally occurring
Tregs [18,19]. Tregs are drawn into the tumor microenvironment
via tumor cell-mediated chemokine production [20,21]. Evidence
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