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Abstract 

Recent efforts for cancer treatment include chemotherapy, radiation therapy, surgery, molecular targeted therapy and 

immunotherapy. Most of these therapies can be beneficial in patients with early stage disease, but this therapy is 

ineffective to treat advanced stage of metastatic cancer. During cancer initiation and metastasis innate or acquired 

immune suppression are among the reason for reduced responsiveness to therapy. Majority of the studies of decreased 

responsiveness focus on marked “immune-suppression” within tumor microenvironment. Several studies have 

emphasized the impact of therapy-induced physiological changes in cancer cell that can inhibit anti-tumor effect by 

promoting immunosuppression. These undesired host effects can enhance tumor growth and even malignancy. These 

effects fall out as a result of systemic release of various regulatory cytokines, chemokines and host immune regulatory 

cells, which can infiltrate into the tumor. In short, the preferred therapy to target tumor can be offset by reactive effector 

immune response; by preventing or combating the immunosuppression represents a potentially new approach to boost 

the effectiveness of systemic and local cancer therapies.  
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Introduction 

Evasion of immune control of tumor growth is a 
hallmark of cancer. Most of the tumor secreted factors 
attract and enhance suppressive functions of immune 
regulatory cells that negatively regulate anti-tumor 
immunity. The term ‘opposing effect’ is well recognized as 
an elucidation of the description of the negative 
consequences of cancer therapy, such as host toxicity. 
Fundamentally all types and classes of anticancer 
therapies are accompanying with several adverse effects, 

which can be serious and life-threatening. Such therapy 
related negative effects not only affect patient health but 
also effectively reduce the efficacy of therapy. When 
toxicities become evident, particularly in high grade, 
therapy might terminate or reduced, causes decreased 
total intensity of therapy. These alterations in therapy 
might contribute to the development of immune 
suppression which leads to reduced responsiveness to 
treatment and untimely results in tumor progression 
[1,2]. Not as much appreciated are the host negative 
immune response that are associated with reduced anti-
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tumor efficacy. Tumors are made up of cancer cell, 
fibroblasts, vasculature and infiltrating immune cells, 
together they form tumor microenvironment (TME). The 
TME is vital for tumor growth, metastasis and escape 
from host immunity. This paradigm is related to the 
cancer therapy to induce systemic changes in TME and 
tumor physiology to promotes immune suppression 
thereby facilitate tumor invasiveness and/or metastasis.  

 
Thus, cancer therapy represents the metaphorical 

‘double-edged sword’, as the inhibit host immune 
suppressive mechanism and induce desired antitumor 
immune response. These tumor reactive host immune 
response actively involved in tumor cell killing by 
activating cytotoxic CD8 and NK cell response [3-5]. 
Tumor growths do not typically revert in the absence of 
immune therapy; it indicates tumors have escaped 
immune control. Immune therapy such as immune 
checkpoint blockade (ICB) stimulates host immune 
system to control tumor spread by targeting immune 
suppression within TME. Despite the ICB success, initial 
response rates with ICB are entirely depend on host pre-
existing immune response to tumor and it limited due to 
tumor associated immune suppression. Methods to 
decrease suppressive environment and increase immune 
therapy response are under investigation and include 
targeting immune suppressive factors in combination 
with established therapies. In this review, the role of 
tumor associated immune suppression and how its 
targeting enhances antitumor immune responses is 
described. The basics of regulatory responses and its 
impact on TME will be discussed. Additionally, this review 
summarizes the preclinical and clinical evidences 
describing the nature and induction of such host immune 
regulatory responses mediated by different types of 
cancer therapies, which either act locally or 
systematically against tumors. How host immune 
suppression can reduce tumor response to therapy, and 
what strategies are available to target immune 
suppression to improve overall anti-tumor effective 
immune response are discussed.  
 

Tumor Immuno-Modulation and 
Progression  

The progression of cancer in immune compromised 
individual demonstrates the deficiencies of cancer 
immune-surveillance. The immune system does affect 
tumor development and growth. Transplantation studies 
showed that tumor growth in immune-competent mice 
are different. A palpable size of tumor raised in RAG1-/- 
mice was rejected when grafted in syngeneic host with 
complete immune system [5,6]. These observations lead 

to emerging concept of cancer immune-editing. It 
proposes evolving tumor are influenced by their 
environment, including the nature and activation of 
innate and adaptive immune cells. The most immunogenic 
tumor cells will be efficiently recognized and eliminated 
by immune system whereas less immunogenic; due to 
their low MHC expression and poor antigen presentation 
will not be detected and express [7,8]. In this way, the 
TME somehow shapes the immune system and can 
subvert the immune response to their benefit. Tumor cells 
do not only use their advantage the angiogenesis and 
inflammation reaction but also they actively recruit the 
suppressors cells to inhibit anti-tumor immunity, such as 
myeloid-derived suppressor cells (MDSC), regulatory T 
(Treg) cells and regulatory B (Breg) cells [9-11]. In human 
and mice, this population involves a vastly heterogeneous 
collection of suppressor cells in various stages of tumor 
growth. Hence, they differ according to tumor with which 
they are associated, but share the ability to suppress 
cytotoxic activity. 

 
Depletion of amino acids like arginine, tryptophan or 

cysteine, which are essential for T cell proliferation and 
activation and by producing reactive oxygen and nitrogen 
species MDSCs and Treg cells support tumor development 
through escape from immune control. As a result, 
developing tumors use regulatory immune cells to shape 
their environment in order to prevent effector T cell 
response and avoid elimination by immune system 
[12,13]. Interestingly, tumor cells also able to modulate 
their non-hematopoietic environment. In mouse 
melanoma model, secretion of CCL21 chemokine induce 
the formation of lymph node paracortex-like structures in 
the tumor stroma, and MDSCs and Treg cells were highly 
abundant in these structures than in CCL21-/- tumors, 
which shows reduced tumor growth [14]. It clearly, 
demonstrates developing tumors subvert innate and 
adaptive effector cells to promote immunosuppressive 
activities in order to block cytotoxic activities.  
 

Targeting Immune-Suppression  

TME is a Hurdle to Effector Immune Cells 

Metastatic tumors escaped the host immunity despite 
presence of tumor reactive T cells. ICB may recapture 
immune control of tumor by impeding tumor induced 
immune suppression. In addition to expression of 
inhibitory receptors, mechanisms by which the TME can 
hinders efficacy of effector immune response are listed in 
Table 1/.. Altered cancer cell growth can lead to tumor 
intrinsic immune suppressive factors, for instance 
increased level of lactate and regions of hypoxia can 
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inhibit effector T cell functions [15,16]. Nevertheless, the 
majority of immune suppression is because of presence of 
immune regulatory cells and cytokines within the tumor 
that prevent T cell activation and repress CD8 T cell 

function [2]. Among that, immune checkpoint receptors 
have gathered the major attention, with proven clinical 
success.  
 

 
Mediator Mechanism Reference 

Cell surface receptors 
PD-1 

CTLA-4 
Tim-3 
LAG-3 

 
↓MHC-I 

↓FAS, TRAIL 
 

 
Induce T-cell tolerance/anergy 

Inhibit activation of effector T cells, enhance Treg function 
Inhibit Th1 responses and the expression of cytokines such as TNF and INF-γ. 

Negatively regulates cellular proliferation, activation, and homeostasis of 
 T cells, 

Escape detection by effector CD8 T cells 
Avoid FAS and TRAIL mediated cell killing 

 
 

[17,18] 
 
 

[19,20] 
 

[1,8] 

Secreted cytokines 
TGF-β 
IL-10 
IL-35 
VEGF 

 
Suppress effector cell cytotoxicity and induces Treg cells 

Suppress M1 cytokine secretion, induce T cell energy 
Suppress CD8 T cells and enhance Breg cells 

Inhibit dendritic cell maturation and induce PD-1 expression 

 
 

[21,22] 

Metabolic pathways 
Hypoxia 

IDO, Adenosine 
Arginase 
Lactate 

Prostaglandin E2 

 
Inhibit effector T cell function 

Inhibit T cell proliferation and activation 
Degrades L-arginine needed for cytotoxic T cell function 

Suppress effector CD8 T cell function 
Recruit MDSCs and suppress M1 macrophages 

 
 

[15,16] 
 

[23,24] 

Table 1: Mechanism of immune suppression in TME. 
 

Targeting Tumor Cell Derived Immune 
Suppression 

Tumor cells often express immune suppressive 
antigens on their surface which can inhibit function of 
effector T cells or induce apoptosis of tumor specific CD8 
T cells. One of the best described receptor is PD-1. Binding 
to its ligand PD-L1 or PD-L2 causes blockade of kinases 
involved in T cell activation and proliferation [17]. The 
expression of PD-L1 or PD-L2 on tumor cells negatively 
correlates with prognosis in malignant melanoma, gastric 
cancer, ovarian cancer, and renal cell carcinoma 
highlights the therapeutic potential of this immune 
checkpoints. Antibodies blocking PD-L1, PD-L2 or PD-1 
have shown notable effects in preclinical models [17,25]. 
The blocking of PD-L1 signaling enhances the cytolytic 
activity of tumor specific CD8 T cells and cytokines 
production from Th cells. The first clinical result from 
Phase I trial are very promising. Brahmer et al showed 
prolonged stabilization of disease in patients with 
advanced cancer treated with PD-L1 antibody BMS-
936559 [26]. As PD-L1 expression in cancer cells seems to 
predict therapeutic outcome, greater response rate can 
achieve by selection of PD-L1 positive patients. Targeting 

PD-L1 by agent MPDL3280A in metastatic bladder cancer, 
revealed higher response rate [27]. Recently, 
clinicaltrials.gov lists two ongoing clinical trials with PD-
L1 antibody MSB0010718C and MPDL3280A in advanced 
metastatic cancers. There are several agents under 
clinical study which targets PD-1. The first published 
study of nivolumab, a human anti PD-1 antibody, included 
patients with advanced and heavily spread solid cancers 
and revealed durable remission in patients responding to 
the therapy [28]. Few years follow up of several 
responding patients revealed an ongoing complete 
remission of tumor growth and re-induction of immune 
response. Using pidilizumab, another humanized PD-1 
antibody, it demonstrated that blocking PD-1 pathway 
enhance CD8 and NK T cell activity in hematological 
malignancies. A phase I clinical trial of pidilizumab with 
multiple myeloma, non-Hodgkin’s lymphoma and acute 
myeloid leukemia showed a good tolerability [29]. A 
recently published study assessing pidilizumab in 
combination with rituximab in B cell lymphoma revealed 
increased response rate with improved anti-tumor 
immunity. Moreover, the study showed correlation of pre-
existing T cell activation with response to anti-PD-1 
treatment [30,31]. Lambrolizumab another anti-PD-1 
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antibody was shown to increase response rate of 44% 
with durable response in advanced melanoma patients. 
Above represented results of targeting PD-1 signaling 
represent a key revolution in immunotherapy with 
durable response in several malignancies. Together with 
ipilimumab they represent the utmost successful strategy 
to overcome tumor induced immune suppression and 
underscore the pronounced therapeutic potential of 
effective induction of tumor specific immune response 
[32]. In addition, the expression on Treg; there are studies 
showing the surface expression of CTLA-4 on human cells 
in solid and hematological malignancies. An expression of 
CTLA-4 by cancer cells associated with lymph node 
metastases in non-small cell lung cancer [33]. Therapeutic 
strategies targeting CTLA-4 have been demonstrated the 
efficiency of ICB. Therapies targeting other inhibitory 
receptors, such as Tim-3, LAG-3, B7-H3 are under 
development and demonstrate great therapeutic potential 
[19,20]. Indoleamine 2,3-dioxygenase (IDO) is another 
immunosuppressive soluble factor produced by tumor 
cells and inhibits systemic immune response. IDO 
catabolize tryptophan and decreases it availability which 
causes suppression of effector T cells and increased Treg 
cells in TME. Wang et al demonstrated that depletion of 
IDO in ovarian cancer leads to slower tumor growth. 
Systemic injections of INCB024360 (IDO inhibitor) also 
decreased tumor growth in mice [34]. A tumor antigen 
attracts immune effector cells and is critical for effective 
anti-tumor immune response. Reduced antigen 
presentation as another characteristic of immune escape, 
which can be main hurdle in overcoming tumor initiated 
immune suppression. Impaired expression of MHC-I is 
frequently associated with poor prognosis is many types 
of cancer. In addition, antigen processing mechanism can 
be defective, so that tumor cells express MHC-I in normal 
level, but relevant antigens are not loaded on MHC-I. The 
antigen processing pathways contains several molecules: 
TAP1, TAP2, LMP2, LMP7 and chaperones like 
calretikulin, tapasin and calnexin [35]. Defect in these 
proteins leads to diminished tumor infiltrating 
lymphocytes, enhanced tumor growth and advanced rate 
of metastasis. Recent findings demonstrate that 
downregulation of MHC-I is mostly regulated by MAPK 
pathway and MAPK inhibitors elevates MHC-I expression, 
indicating that alteration in MHC-I might reverse immune 
suppression and improve response to conventional 
immunotherapy [36]. Tumor cells often secrets TGF-β and 
elevated serum level of TGF-β have been demonstrated in 
ovarian cancer, lung cancer, gastric cancer, breast cancer 
and others. TGF-β is known to suppress stimulatory 
cytokines such as IL-2 and IL-12 and is a potent inhibitor 
of IFN-γ. Moreover, TGF-β affects T cell homing by 
inhibition of CD8 T cells and stimulation of Treg cell 

generation. The clinical outcome with GC-1008, a TGF-β-
neutralizing antibody, was reported for malignant 
mesothelioma and demonstrated enhanced mesothelioma 
specific immune responses [37]. Other factors targeting 
the TGF-β signaling are under clinical investigation.  
 

Immune Based Therapies to Restrain Tumor 
Associated Immune-Suppression  

The adaptive immune system can recognize and 
eliminate malignant cells; in murine model this response 
limit growth of transplanted and spontaneous tumor and 
antigen specific T cells detected in human tumors. 
However, the efficacy of this antitumor action is restricted 
by TME. Tolerance to tumor antigen me occur due to 
antigen persistence, downregulation of MHC or presence 
of Treg and Breg cells [7,9,11]. Predominance of Treg in 
tumor and peripheral blood with expression of PD-L1 in 
cancer are predictors of poor survival [38]. Nonspecific 
innate tolerance can also be maintained through secretion 
of anti-inflammatory and immune suppressive cytokines 
and downregulation of antigen presentation activity. The 
TME favors immune suppressive regulators rather than 
immune effectors. Potential cancer cell intrinsic 
mechanism of immune elution reduces expression of MHC 
molecules and increases expression of immune regulatory 
molecules, such as, FasL and cytokines IL-10, IL-35 and 
TGF-β. The tumor infiltrating immune cells favorably 
differentiated towards a regulatory and anti-
inflammatory state, because of the expression of immune 
suppression markers on surface expression like PD-L1 
[9]. Furthermore, tumor associate macrophages (TAMs), 
tumor associated fibroblasts, Treg and secretory factors 
produced by regulatory cells contribute to tumor induced 
immune suppression. The accumulation of MDSCs in 
patients with advanced cancer is related to the extent of 
disease and disease stage [39]. In addition, increased 
infiltration of Treg, reduced number of T effector cells and 
biased towards Th2 response correlates with disease 
stage [40]. Increase in Treg has been reported in 
peripheral blood of patients with cancer with associated 
diminished response to tumor antigens. TAM can drive 
several pro-tumor processes, including angiogenesis, 
secretion of tumor growth factors and immune 
suppression [41,42]. Tumor infiltrating Treg cells highly 
expressed cell surface markers OX40 and CTLA-4. 
Targeting OX-40 and CTLA-4 resulted in systemic anti-
tumor immune response capable of eradicating malignant 
tumor (Figure 1). The effect of this immunotherapy was 
even detectable at distant, therapy constrained sites like 
central nervous system (CNS). In clinical trials CTLA-4 or 
PD-1 antagonists have been promising. Patients do 



           Open Access Journal of Cancer & Oncology 

 

Bhalchandra Mirlekar. Combating Immunosuppression within Tumor Microenvironment: 
A Novel Approach for Drug Design. J Cancer Oncol 2019, 3(2): 000144. 

        Copyright© Bhalchandra Mirlekar. 

 

5 

respond to the treatment, even in advanced and 
malignant stage of cancer [43].  
 

 

 

Figure 1: Strategies to improve the efficacy of 
immunotherapy by targeting immune-suppression. 
Several approaches have been shown to enhance the 
effectiveness of immunotherapy by overcoming tumor 
induced immune-suppression.  

 
 

Immunotherapies have potential for the cancer 
treatment, since immune based treatments act through 
mechanism that is diverse from radiation or 
chemotherapy and they characterize non-cross-resistant 
treatments [14]. T cells and B cells are able to recognize a 
distinct tumor antigens and can differentiate small 
antigen difference between normal and transformed cells, 
providing specificity while reducing toxicity. Numerous 
studies have sought to characterize different aspects of 
the immunosuppressive TME and the possible 
responsible mechanism. There is clinical evidence that 
activation of an antitumor immune response can result in 
tumor clearance and provide clinical benefits, however 
the natural cytotoxic T lymphocyte (CTL) immune 
response against tumor often falls short of preventing the 
development of metastasis. Attempt to expand the natural 
response include using antibodies like PD-1, CTLA-4 
blocking antibodies, vaccines like provenge and cytokines 
like IL-2, IL-12 and IFN- γ [43-45]. However, the clinical 
response to these interventions remains low and there is 
no method to identify whether patient responds to the 
therapy. Immunotherapy aimed at harnessing host 
endogenous antitumor immunity by modifying immune 
suppressive mechanism. In order to release the complete 
potential and attractive specificity of the antitumor 

immune response and achieve the better clinical 
response, the multiple immune regulatory networks co-
opted by tumors need to be defined. 
  

Targeting Immunosuppressive Cells and 
Adoptive Cell Therapy  

Depletion of Treg cells is one of the most potent anti-
tumor therapies and it has been shown to enhance 
adoptive immunotherapy in preclinical model. Developing 
new strategy to precisely target Treg cells in human 
remains an important research goal. This research is 
hampered by the fact that both CTLA-4 and CD25 which 
are expressed of Foxp3+ Treg cells are also expressed on 
activated effector cells [46]. It has been showed that 
efficacy of anti-CTLA-4 in melanoma is at least relatively 
attributable to the specific depletion of Treg cells [47]. 
Similarly, targeting MDSCs can enhance the efficacy of 
immunotherapy. Decreased intra-tumoral MDSCs using 
toxin directed against CCR2 or blockade of their 
recruitment via the use of CSF-1R inhibitor shown to 
enhance anti-tumor activity [48,49]. Blocking suppressive 
function of MDSCs has been shown to enhance chimeric 
antigen receptor (CAR) T cell function in xenograft model 
[50]. Alternative aspect that is gradually recognized is 
phenotype of T cells being transferred. Preclinical studies 
indicate that providing effector CD4 T cell help to 
adoptively transferred CTLs can maximize their 
antitumor activity in vivo. Parallel transfer of CD4+ and 
CD8+ CAR T cells was shown to give the highest immune 
activity against tumor in immunocompetent SCID mice 
[51]. In addition, a latest trial comparing unselected 
tumor infiltrating lymphocytes (TILs) and CD8+ enriched 
TILs found that the patients treated with unselected TILs 
were more probably to respond. Incorporation of an 
inducible T cell co-stimulator signaling domain with CAR 
resulted in greater Th1 differentiation and antitumor 
effect [52]. In sum, this observation suggests that the 
presence of CD4 T cells in adoptively transferred T cell 
population is highly important.  
 

Combat Immunosuppressive Cytokines and 
Genetic Modification CTL Functions 

Immune suppressive cytokines within TME represents 
a main barrier to function of CTLs. Therefore, genetically 
modified CTLs to bypass these cytokines signals has the 
potential to enhance their antitumor efficiency. This is 
highlighted by the fact that TGF-βRII-/- T cells show 
greater potency than wild type (WT) control when used in 
adoptive immunotherapy, showing increased T cell 
infiltration and cytokine secretion within TME [53,54]. A 
more therapeutically appropriate approach is to over-
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express a receptor that inhibits the effect of TGF-β. The 
use of adeno virus expressing soluble form of TGF-β 
receptor was shown to enhance CD8 T cell response. 
Moreover, expression of dominant negative receptor for 
TGF-β in tumor specific CD8 T cells and NK cells lead to 
enhanced antitumor efficacy [53]. While the effect of IL-
17 in the context of antitumor immune response is 
complex, it is usually considered to be 
immunosuppressive to the activity of Th1 cells [55]. 
Therefore, similar approaches are being developed to 
target IL-17 in the context if immunotherapy.  

 
While targeting regulatory cytokines can boost 

antitumor immunity, a direct method is to exogenously 
deliver T cell activated cytokines such as IL-2, IL-12 or 
IFN-γ which have to show to enhance activity of effector T 
cells in TME [56] (Figure 1). Another approach is to 
develop technique to genetically engineer the passively 
transferred lymphocytes to express IL-2, IL-12 or IFN-γ 
and locally enhance antitumor immunity. Particular, IL-12 
helps to maintain Th1 phenotype which is known to be 
beneficial for enhancing CD8 T cells, thus making 
strategies to enhance IL-12 secretion is attractive [57]. On 
the other hand, modification of intracellular signaling 
pathways in passively transferred T cells can improve 
antitumor immunity by avoiding immunosuppressive 
pathways. For example, Modifying CAR T cells to 
constitutively express STAT4, which activates by IL-12 
signaling, was reported to improve CAR T cells cytotoxic 
activity against tumor and made them less susceptible to 
IL-10 and IL-35 mediated suppression [51]. STAT4 is a 
shared signaling pathway between few regulatory 
cytokines like IL-35 and IL-27, making this a conceivable 
path to bypass tumor-induced immunosuppression. 
Another mechanism by which cancer cells escape the 
activity of killer CD8 and NK T cells is to induce their 
apoptosis through FAS-FASL pathway [58]. A potential 
strategy to avoid this is the use of lncRNA or miRNA to 
reduce the expression of FAS on T cells and NK cells. It has 
been also reported over-expression of anti-apoptotic 
proteins can enhance survival of tumor specific cytotoxic 
cells [59]. However, these strategies have yet to be 
assessed in vivo and yet there is few safety concern 
arising from use of cytotoxic cells that modified with 
apoptotic molecules.  
 

Combining Radiation with Immune Therapy to 
Target Immune Suppression in TME 

Targeting the immunosuppressive TME might 
stimulate adaptive immune cell activation and enhance 
the efficacy of effector cell killing and cytotoxic response. 
Radiation is a reasonable choice to synergize with 

immune therapies since it induces intra-tumoral cell 
death and activates adaptive immune response with 
enhancing infiltration of CD8 T cells into tumors [60]. 
Clinical success with ICB has revealed the potential for 
targeting the TME to boost immune control of tumors. 
Numbers of active phase 3 clinical trials are assessing 
combination of radiation and coexisting immune 
therapies to target immunosuppressive TME [61,62]. The 
results from these trials can direct future research on 
novel targeted immune therapies and conventional 
immune therapy combination.  
 

Conclusion & Future Perspective  

A variety of approaches have been designed and tested 
in preclinical models to overcome tumor associated 
immune suppression that need additional testing in clinic 
and may rise the number of different cancers that can be 
treated with this therapy. The long term revocation of 
solid malignancies attained by administration of ICB to 
overcome tumor mediated immune suppression. While 
majority of immunotherapeutic approaches like adoptive 
cell transfer and vaccination focused on an enrichment of 
tumor specific effector immune response by dictating the 
immune system towards cancer antigens. Considering 
limited clinical effects of these therapies, tumor mediated 
immune suppression have been the main hindrance for 
these therapies. Consistent with this concept the 
combination of pre-existing tumor specific immunity and 
surface expression of inhibitory receptors on cancer cells 
seem to predict the response to the corresponding ICB. 
Eventually these therapies may need to combined with 
other immune checkpoint blockade therapy to increase 
the infiltration of cytotoxic cells to the tumor site. Recent 
clinical trial suggests that combining immunotherapies 
can lead to better antitumor effectiveness without 
adverse side effects [63]. The multi immunotherapy 
approach in combination with adoptive cell therapy has 
substantial potential to overcome tumor associated 
immune suppression. Checkpoint inhibitors are distinct 
from conventional chemotherapeutics and have vast 
potential particularly in combinatorial approaches. 
Several pre-clinical studies demonstrated synergistic 
effect of ICB with vaccination, immune-stimulatory 
factors, radiotherapy or adoptive cell therapy. Recent 
published results demonstrate that enhanced systemic 
antitumor immunity in B cell lymphoma after intra-
tumoral administration of CTLA-4 and OX-40 I 
combination with CpG [64,65]. The synergistic effects of 
radiation therapy and PD-L1 blockade has been revealed 
in Kras-mutant lung cancer [66,67]. These examples 
underscore great therapeutic potential by combining ICB 
and immune stimulatory agents with adoptive T cell 
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therapy, CAR and vaccination to combat 
immunosuppression and direct the immune system 
against tumor antigens. Tumor mediated immune 
suppression impede with immune checkpoint blockade; 
for example, IDO as a resistance mechanism against CTLA-
4 blockade in melanoma model. As there are great 
differences regarding the immune response to tumor 
between different patients with same cancer, it might be 
possible to identify patients to respond for therapies 
directing to overcome tumor associated immune 
suppression. Additional clinical studies are needed to 
understand which immune enhancing strategies are best 
and essentially where their use is safe. In conclusion, our 
understanding of the initiation of immune response 
towards tumor cells is still partial, and further research 
must be done to develop novel immunotherapeutic 
strategies.  
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