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such as immune checkpoint inhibitors (ICIs), have revolutionized
the treatment of various cancers and have shown a great efficacy
in inducing antitumor immunity. Cancer immunotherapy in the
form of adoptive cell transfer (ACT) have also been developed to
eradicate tumor cells in a specific and effective manner, and it
includes the administration of autologous tumor-infiltrating T-
cells (TILs), T-cell receptor (TCR)-modified T-cells, or genetically
engineered chimeric antigen receptor (CAR)-specific T-cells
(CARTs) in cancer patients. Additionally, cancer vaccines and
recombinant cytokines can be used as monotherapy or adjuvant
therapy. Despite the success of immunotherapies in treating
various solid tumors and hematologic malignancies, a significant
number of patients do not benefit from these therapies and
exhibit limited or no response. Some cancer patients do not
respond to immunotherapies as a result of primary or intrinsic
tumor resistance, while others respond to immunotherapies but
develop resistance over time, referred to as adaptive or acquired
tumor resistance. Tumor intrinsic- and extrinsic-mediated
mechanisms, including genetic and epigenetic alterations,
tumor-mutational loads, overexpression of co-inhibitory immune
checkpoints, and elevated levels of suppressive immune



cells and cytokines, can lead to a compromised antitumor
immunity favoring tumorigenesis and cancer progression. This
chapter outlines mechanisms of intrinsic tumor resistance
and the emergence of acquired tumor resistance to cancer
immunotherapies. Moreover, this chapter describes combined
cancer immunotherapies, which may offer a great therapeutic
potential to overcome tumor resistance against therapy and
improve clinical outcomes in cancer patients. Keywords: Cancer;
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Figures 
 

Figure 1. Cell populations within the TME. Construction of tumor microenvironment and 

various cell populations including tumor cells, epithelial cells and immune cells present within the 

TME are shown.   
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Figure 2. Determinants of tumor resistance to therapy and how to overcome them. In 

solid tumors, tumor cells are continuously evolving to establish an immunosuppressive 

environment, referred to as tumor microenvironment (TME), comprising of cellular and soluble 

components that favors tumor growth/progression and promote immune evasion. Over time, tumor 

cells within the TME become very heterogenous as they acquire genetic and epigenetic alterations 

with spatial and temporal diversity (1). Tumor cells with low growth rates (2) and low mutational 

burden (3) are usually incurable and resistant to cancer therapies (intrinsic or primary resistance). 

Surviving tumors cells following the administration of particular cancer therapy can acquire 

compensatory inhibitory mechanisms which allows them to escape immune cell recognition and 

induce immunosuppression. Under selective therapeutic pressure, these surviving tumor cells can 
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grow and expand leading to tumor recurrence or relapse (acquired resistance) (4). Cellular 

components of the TME can also impact the development of resistance and promote tumor growth 

and progression by suppressing the ability of effector T cells from eradicating tumor cells and 

enhancing the induction/function and recruitment of suppressive cells, such as TAMs, MDSCs and 

CAFs (5). Thus, therapeutic strategies to overcome intrinsic and acquired tumor resistance against 

cancer immunotherapies are crucial to maximize the efficacy of cancer treatment and revert tumor 

resistance to ICIs. Monitoring the immune response within the TME before and after the 

application of therapy could be helpful to identify biomarkers which could be related to resistance 

development (I). The utilization of cancer therapies with distinct mechanisms of action and 

multiple ICIs could be beneficial in enhancing the therapeutic response (II). Next Generation 

Sequencing (NGS) of DNA or RNA in cancer cell clones could be also helpful in revealing genetic 

factors which are important for cancer cell growth and survival (III). 
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Figure 3. Mechanisms of primary tumor resistance against cancer immunotherapy. 

Tumor cells can escape immune cell recognition via genetic and epigenetic alterations leading to 

impaired expression of MHC I/immune cell recognition and impaired production of neoantigens 

or loss of target antigens and subsequently inhibit the activation of anti-tumor immunity (A). Loss 

of PTEN gene expression can reduce tumor vulnerability to immunotherapy by promoting the 

overexpression of PD-L1 and PD-L2, which ultimately lead to the suppression of T cell function 

(B). Constitutive activation of WNT signaling leading to the stabilization of β-catenin could result 

in the exclusion of T cell infiltration in tumor sites and therefore reduces the sensitivity of the 

tumor to ICIs or ACT (C). The activation of MAPK pathway in tumor cells leads to the secretion 

of various molecules, including IL-8 and VEGF, which exert immunosuppressive effects and 

promote tumor angiogenesis and metastasis (D). Epigenetic reprogramming in tumor cells can 
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promote tumor growth by enhancing the expression and production of growth factors and 

inhibiting the transcription of tumor suppressor genes (E). 

 

 

 

Figure 4: Effects of DNA methylation and histone modifications on the promoter 

region of ICs/ligands within the TME. The effects of DNA/histone epigenetic alterations on 

T cells (A) and cancer cells (B) are illustrated. The epigenetic modifications of ICs on T cells can 

lead to less responsive T cells, increased Treg levels, increased MDSC trafficking and impaired 

effector cytokine release. The epigenetic modifications in tumor cells can facilitate metastasis and 

immune evasion, and establish an immunosuppressive microenvironment. Figure is adapted from 

Toor et al., Semin Cancer Biol [98]. 
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Figure 5. Mechanisms of acquired resistance and potential therapeutic approaches. 

Impaired generation of tumor-reactive T cells could be solved by the application of ICIs with ACT 

(CARTs) combined with cytokines, chemokines, TLR agonists or vaccines to restore and boost 

the anti-tumor immune response. The combined use of immunotherapy and radiation or 

chemotherapy could also enhance the clinical benefit and maximize tumor cytotoxicity (A). 

Inadequate activation of effector T cells (Teffs) could occur as a result of metabolic mediators, 
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increased levels of immunosuppressive cells/molecules and upregulation of alternate ICs. In this 

scenario, combining ICIs with cytokines, vaccines, depleting Tregs, MDSCs or TAMs, or targeting 

adenosine, ARG1, IDO or HDAC isoforms could restore APC function and the 

activation/proliferation of Teffs, and reduce immunosuppression (B). Impaired generation of Teff 

memory cells within the TME results in a loss of durability associated with T cell exhaustion and 

epigenetic changes. The use of multiple ICIs with ACT and epigenetic modifiers could augment 

the activation/proliferation and function of cytotoxic T cells and promote the generation of Teff 

memory T cells (C). Figure is adapted from Saleh & Elkord [23]. 

  


