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Of the multiple approaches to cancer therapy, few are as complex as those regimens that 
encompass immune-based agents. Immunotherapeutic approaches have been the central 
focus of medical investigators for the past several years. This advance in oncologic care is 
highlighted by the recognition of the Nobel commission in awarding the 2018 Nobel prize to 
Allison and Honjo [1]. Their seminal work concentrated on an immunotherapeutic approach 
to combatting cancers via immune checkpoint receptors’ enhancement of the adaptive 
immune system. A previous review emphasized the potential role of checkpoint inhibitors 
in the treatment and cure of HIV also through enhancement of adaptive immune function to 
counter this virus [2].

Immunotherapy with immune checkpoint blockade enhances the response to combatting 
cancers and acts through boosting the adaptive immune system. It is generally recognized that 
T cells possess the capacity to protect from tumor development, in addition to their role in 
control of infectious diseases. Through immune checkpoint restriction and blocking activity 
of negative regulators of T cell activation, cancer control is primarily achieved via actions that 
block programmed cell death 1 (PD1), cytotoxic T lymphocyte associated antigen 4 (CTLA4) 
and lymphocyte activation gene 3 (LAG 3).

The success of early treatment trials with the immune checkpoint inhibitors (ICI), 
CTLA-4 and PD-1, have led to the development (and FDA approval) of several monoclonal 
antibody medicines. While such novel immunotherapeutic advances have opened new 
avenues of treatment, there are limitations to these approaches. Failure to respond to these 
therapies and/or toxicities associated with these agents is the most important limitations 
of immunotherapies. Cancers may advance, persist and metastasize while undergoing 
treatment with these agents even in the presence of tumor-infiltrating lymphocytes (TILs), 
i.e., T cells with tumor cell-killing capabilities. The absence of response may stem from the 
lack of immune control due to exhaustion or incomplete reactivity of TILs. This results as 
a consequence of continued antigen exposure, incomplete expression of rejection by tumor 
cells, hypoxia, and/or lack of nutrients or substrates in the tumor microenvironment (TME). 
Studies to understand under-responsiveness to such therapies have uncovered mechanisms 
by which allocation of metabolic resources supports host defenses. Naïve and memory T 
cells rely on catabolic metabolism, (energy-generating processes), whereas effector T cells 
and macrophages stimulated via Toll-like receptors participate in glycolysis and anabolic 
metabolism [3].

Additional mechanisms of under-response to immunotherapeutic agents also include 
hypo-responsiveness of tumor antigen-specific TILs as a consequence of nutrient deficiency 
and/or suppressive mechanisms in the TME that can be diminished or overcome by 
modulating the concentration of extracellular potassium in the TME. Vodnala et al. [4] have 
shown that potassium concentration in the TME is a measure of the dysfunction and stemness 
of CD8+ TILs. Thus, when T cells in the TME are under metabolic constraints their diminished 
activity can lead to cancer progression, even in the setting of tumors that were previously 
responsive to immunotherapies [3]. 
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Multiple additional factors play a role in patient outcomes 
using immunotherapeutic approaches. Outcomes can be 
confounded by variables such as the patient’s gut microbiome, 
diet and potential for infectious or autoimmune complications 
[5,6]. Autoimmune and immune-related toxicities may reflect that 
mechanisms leading to optimal treatment responses in cancer 
immunotherapeutics are in direct opposition to the immunologic 
effects that perpetuate autoimmunity. In the former case, ICI block 
negative costimulation, whereas in the treatment of autoimmune 
disease, negative costimulation is promoted. Even in the setting of 
therapeutic successes, significant toxicity and adverse autoimmune 
and infectious events have been reported with ICIs [6,7]. Thus far, 
the benefits of immunotherapeutics in cancer treatment seem to 
outweigh the risks however this field is young and the full spectrum 
of unintended consequences of these therapies remain to be 
uncovered.
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