
 

 

 
A Primer on Immuno-Oncology: Part 1 

 
 
 

Introduction  
Tumors possess a significant number of genetic mutations, which facilitates cancer cells’ 
immortality, as well as result in the creation of neoantigens which should be recognizable by the 
immune system.  However, some tumors utilize various methods to allow them to suppress the 
host’s innate immune response against the tumor in order to allow the tumor to grow; some of these 
methods include local immune evasion, induction of tolerance, and systemic disruption of T cell 
signaling[2].  Furthermore, through a process known as immune editing, immune cells which 
recognize and kill cancer cells impose a selective pressure on the tumor, resulting in growth of 
cancer cells which are less immunogenic and more apoptosis-resistant[3]. Recently, researchers have 
been attempting to boost  patients’ immune response against tumors by a variety of methods that 
mainly focus on stimulating or augmenting the innate T cell response due to the  ability of T cells to 
selectively recognize proteins from all cellular compartments, to recognize and kill antigen 
expressing cells, and to coordinate diverse immune responses integrating both the adaptive and 
innate effector mechanisms[1]. Some such strategies include the use of anticancer vaccines, 
cytokines, adoptive cell therapy, and immune checkpoint inhibitors. These methods have been 
enabled by recent scientific advances that have increased our knowledge of the immune system and 
its response to malignancies, and have resulted in the recent clinical successes of the anti -cancer 
vaccine Provenge and of several immune checkpoint inhibitors. These successes have refocused 
attention back on to immunotherapeutic approaches for treating cancer; specifically , the discovery 
and clinical successes of immune checkpoint inhibitors have revolutionized cancer immunotherapy, 
and the cancer immunotherapy market is forecasted to have sales of >$93B in 2023 , the majority of 
which may be attributed to immune checkpoint inhibitors[4]. 
 
First, we will give a brief overview of anti-cancer vaccines and cytokines before delving into a 
discussion of immune checkpoint inhibitors.  The second part of this research report will then 
discuss adoptive cell therapy and, specifically, chimeric antigen receptor T cells (CAR-T cells). 



 

 

  
 
Anti-Cancer Vaccines  
The traditional method for activating hosts’ immune response, specifically T cells, against 
neoantigens (tumor antigens) has been to utilize tumor vaccines.  Due to the ability of tumors to 
deactivate the immune response and thus induce tolerance, tumor vaccines must be able to break 
this tolerance.  This is typically done by targeting high quantities of antigen to dendritic cells 
(DCs), which are the most effective antigen presenting cells (APCs), as their function includes 
inducing T cell immunity, as well as expanding and activating the DCs[3].  It should be noted that 
appropriate antigens which are highly overexpressed within the tumor and have no or low levels of  
expression in normal, healthy tissues must be identified and utilized[2].  Whole cancer cells or 
cancer cell lysates may be used as a source for tumor antigens.  However, it should be noted that 
cell-based vaccines contain thousands of antigens and thus lack tumor specificity[3].  Accordingly, 
whole-cell tumor vaccines have not had much success; GVAX, a tumor vaccine consisting of whole 
tumor cells which have been irradiated to prevent cell division, failed to show efficacy in a Phase 
III clinical trial[6].  
 
An alternative approach is the use of DCs isolated from patients’ peripheral blood mononuclear 
cells (PBMCs), given antigen ex vivo, activated, and then reintroduced into the patient[2].  This 
approach has had some promising results in the clinic Provenge, which is made up of autologous 
APCs, primarily DCs, incubated with a fusion protein consisting of a tumor antigen bonded to the 
DC growth and differentiation factor granulocyte macrophage colony-stimulating factor (GM-CSF) 
and then reintroduced into the patient,   received approval by the FDA in 2010 for the treatment of  
 



 

 

asymptomatic or minimally symptomatic metastatic hormone refractory prostate cancer (HRPC).  
However, this approach has not been widely embraced due to the difficulty associated with 
producing and administering the therapy[7]. 
 
Tumor vaccines have not had much success in the clinic; vaccines such as GVAX, Stimuvax, and 
Rintega have all failed to achieve therapeutic efficacy endpoints in clinical trials.  Companies have 
thus reformulated their approach and are now combining tumor vaccines with other cancer 
immunotherapies such as checkpoint inhibitors. 
 
Cytokines  
Cytokines are proteins released by cells used for cell signaling to modulate the immune response.  
Tumors may utilize certain cytokines to reduce the immune response against it, allowing for greate r 
tumor growth. Other cytokines may increase the immune response; they may thus be utilized for 
cancer immunotherapy to stimulate the body’s immune response against tumors/cancer cells. There 
are two types of cytokines used for cancer immunotherapy: interferons (IFNs) and interleukins 
(ILs). Currently, IFNα is the only class of IFNs shown to be clinically effective and only IL-2 has 
been approved to treat melanoma; however, many more ILs (e.g. IL-7, IL-15, IL-12, and IL-21[8]) 
are being researched to treat a multitude of cancer types. 
 
Interleukin-2 (IL-2) 
IL-2 is involved in immune regulation and T cell proliferation.  Phase II clinical trials for patients 
with advanced metastatic melanoma showed that administration of a high-dose bolus IV 
recombinant IL-2 with or without lymphokine-activated killer cells resulted in an objective 
response rate of 16%, and a durable response rate of 4%[9].  IL-2 has been approved for the 
treatment of adults with advanced metastatic melanoma, renal and kidney carcinoma, and 
hematological malignancies[8]. 
 
Immune Checkpoint Inhibitors 
Immune checkpoints are inhibitory pathways used by the immune system to maintain self -
tolerance and modulate the immune response.  T cells’ activation and response is regulated by a 
balance between co-stimulatory and co-inhibitory (immune checkpoint) molecules[10].  Cancer cells 
are able to co-opt Antagonists of inhibitory (immune checkpoint) molecules that are able to amplify 
antigen-specific T cell response, and are the main types of drugs being tested in the clinic as 
immune checkpoint inhibitors[1]. Unlike most Ab used to treat cancer, checkpoint inhibitor Abs do 
not target cancer cells, but instead target lymphocyte receptors or their ligands to boost 
endogenous antitumor activity.  Soluble and membrane-bound receptor-ligand immune checkpoints 
are the most druggable targets (antagonist Abs are used for these inhibitory pathways)[1].  
Multiple immune checkpoints can be targeted at the same time in order to maximize the immune 
response.  The two most studied immune checkpoint receptors for cancer immunotherapy are 
cytotoxic T-lymphocyte associated antigen 4 (CTLA4) and programmed cell death protein 1 (PD1), 
both inhibitory receptors which act by different mechanisms.   
 
CTLA4  
CTLA4 is expressed only on T cells and regulates the amplitude of the early stages of T cell 
activation by inhibiting signaling by the T cell co-stimulatory receptor CD28.  CD28 signaling 
occurs after the T cell receptor (TCR) recognizes and binds to an antigen, after which CD2 8 



 

 

signaling amplifies TCR signaling to activate T cells.  CD28 and CTLA4 have the same ligands: 
CD80 and CD86[1]. The exact mechanism of to CD80 and CD86, and by inhibitory signaling to the 
T cell[11]. CTLA4 is expressed by activated CD8+ effector T cells but it appears to down-modulate 
the physiological role  of CD4+ helper T cell activity and enhance  CD4+ regulation of T cells’ 
(Treg) immunosuppressive activity[12].  Blocking CTLA4 enhances the immune response activity of 
helper T cells and CTLA4 engagement on Treg cells enhances their immunosuppressive activity[1].  

 
 
Blocking CTLA4 for cancer immunotherapy was initially challenged due to the fact that there is no 
tumor specificity to CTLA4 ligands expression and because of the lethal phenotype of Ctla4 
knockout mice which implied that blockade of this receptor would result in significant immune 
toxicity[1].  However, Allison et al. found the existence of a therapeutic window when he partially 
blocked CTLA4 in preclinical models[13].  Mice bearing partial ly immunogenic tumors were treated 
with anti-CTLA4 Ab, resulting in a significant antitumor response without substantial immune 
toxicity.  However, poorly immunogenic tumors did not respond to anti -CTLA4 Ab, but did 
respond when anti-CTLA4 Ab was combined with a granulocyte-macrophage colony-stimulating 
factor (GM-CSF) transduced cellular vaccine[14].  This suggested that only in cases where there is 
an endogenous antitumor immune response, CTLA4 blockage can increase that response, leading to 
tumor regression, for poorly  immunogenic tumors that do not induce a considerable endogenous 
immune response, utilizing a vaccine in combination with an anti -CTLA4 Ab, may be able to 
produce an immune response able to cause tumor regression[1].  
 



 

 

Anti-CTLA4 mAb  
 In 2000, clinical testing began for ipilimumab and tremelimumab, two fully humanized anti -
CTLA4 mAbs, as single agents for the treatment of melanoma.  A clinical response was observed in 
~10% of patients, but immune-related toxicities were observed in 25 – 30% of patients[15].  The 
Phase III trial for tremelimumab for patients with melanoma showed no survival benefit relative to 
dacarbazine.  However, in a more carefully designed trial for ipilimumab which used steroids and 
tumor necrosis factor (TNF) blockers to manage immune toxicity, ipilimumab had a demonstrable 
survival benefit for patients with metastatic melanoma when used alone or in combination with a 
gp100 peptide vaccine, as compared to patients who received the gp100 peptide vaccine alone (10 
months vs. 6.4 months, respectively)[16].  This led to ipiliumamb being the first FDA approved 
checkpoint inhibitor therapy for the first-line treatment of advanced melanoma in 2011[2].   
Interestingly, ipilimumab also conferred significant long-term survival benefits: 18% of ipilimumab 
treated patients survived for >2 years, compared to only 5% of patients who received the gp100 
peptide vaccine[16].  This observation has been made in other studies and supported the idea that 
immune-based therapies “re-educate” the immune system, allowing it to continue fighting the 
tumor even after completion of the therapy[1].  It should be noted that it may take several months 
for a response to immune checkpoint inhibitor therapies, as compared to a much more rapid 
response to conventional cytotoxic therapies; this may make assessing response difficult which is 
important for clinical trials evaluation[7]. 
 
PD1 and PDL1  
The PD1 receptor limits the activity of T cells in peripheral tissues during response to infection and 
also limits autoimmunity[17].  PD1 is expressed when T cells become activated; once it binds to a 
ligand (PDL1 or PDL2), PD1 inhibits kinases involved in T cell activation, thus inhibiting T cell 
proliferation, cytokine release, and cytotoxicity[17]. PD1 is h ighly expressed on tumor infiltrating 
lymphocytes (TILs), such as Treg cells, where it may enhance Treg cell proliferation when bound to 
a ligand[18].  Many tumors have high numbers of Treg cells which may suppress effector immune 
response, therefore blocking the PD1 pathway may enhance antitumor response by decreasing the 
number of Treg cells and/or by inhibiting their immunosuppressive activity[1].  In addition, PD1 is 
also expressed on activated B cells and natural killer (NK) cells where it limits their  lytic activity.  
Thus, blocking PD1 may increase NK cell activity and B cell Ab production, in addition to 
inhibiting Treg cell immunosuppressive activity[19]. PD1 binds to the ligands PDL1 and PDL2 
which are often upregulated on the tumor cell surface of many different types of tumors; for solid 
tumors, PDL1 has greater expression[20].  PDL1 expression results in inhibition of local T cell 
mediated anti-tumor response[21].  In addition to cancer cells, PDL1 is also expressed on myeloid 
cells in the tumor microenvironment[22].  PDL1 is regulated by two mechanisms: innate immune 
resistance, and adaptive immune resistance.  For innate immune resistance, some tumors drive  
 
PDL1 expression by constitutive oncogenic signaling[1].  For adaptive immune resistance, the 
tumor utilizes the natural PDL1 induction mechanism which normally serves to protect a tissue 
from infection-induced immune-mediated damage to inhibit the antitumor immune response.  
Cancer cells induce PDL1 expression in response to interferons, especially IFNγ which is able to 
activate macrophages and NK cells, thus suppressing the immunosuppressive activity of PD1+ T 
cells[23].  An early report showed that PDL1 expression in renal cancer primary tumor cells was 
predictive of a worse prognosis as compared to PDL1- tumors[24].  



 

 

 
 
Ab-mediated blockade of PD1 or its ligands have demonstrated, in multiple mouse models of 
cancer, an increased antitumor immune response, thus showing promise for its use in humans.  In 
addition, Pd1, Pdl1, and Pdl2 knockout mice possessed a mild phenotype of organ-specific 
inflammation which suggests that anti-PD1 or -PDL1 treatment would induce less immune 
toxicity, as compared to CTLA4 blockade[1].  Accordingly, cases of toxicity caused by using an 
anti-PD1 or anti-PDL1 mAb were reported to be less than the toxicity caused by using anti -CTLA4 
mAbs and were manageable by administration of steroids to suppress the immune system[25].  
 
Anti-CTLA4 mAb Clinical Trials 
The first Phase I clinical trial of a fully humanized IgG4 anti-PD1 Ab showed some promise, as 
there were mixed responses to treatment[26]. [26].  In other clinical trials using anti -PD1 Abs for 
the treatment of melanoma and renal cancer, mixed responses were again observed, althoug h 
follow-up indicated a durable response to treatment in responders.  
 
Unsurprisingly, immune-related toxicity from antiPD1 Ab treatment was less than that of anti -
CTLA4 Ab treatment[1].  Nivolumab and pembrolizumab, anti-PD1 mAbs, were able to confer 
longer overall survival and a high survival rate in patients with advanced melanoma, NSCLC, and 
other solid tumors[26, 27].  A trial for patients with advanced melanoma utilized combination 
therapy of nivolumab and ipilimumab, (anti-PD1 and anti-CTLA4 mAbs, respectively) showed a 
synergistic clinical effect of combining the two drugs [29].  Both nivolumab and pembrolizumab 
have been approved by the FDA for the treatment of metastatic melanoma and metastatic NSCLC.  
Recently, Bristol-Myers Squibb’s Opdivo, a PD1 inhibitor which has been approved for melanoma, 



 

 

metastatic renal cell carcinoma, and Hodgkin’s lymphoma, failed to meet a primary endpoint for 
the treatment of non-small cell lung cancer (NSCLC).  It should be noted that this clinical trial did 
not select for a population with high PDL1 expression.  Future studies may want to use PDL1 
expression as a biomarker predictive of response and select for a population with high PDL1 
expression when treating with anti-PD1 Ab[1]. It should be noted that the effects of an anti-PD1 
mAb are different than that of an anti-PDL1 mAb.  Targeting PD1 inhibits interaction of PD1 with 
both PDL1 and PDL2, whereas targeting PDL1 only inhibits interaction of PD1 with PDL1 but 
not PDL2.  There are several clinical trials of anti-PDL1 mAbs (MDX1105, MPDL3280A, 
MEDI4736, MSB0010718C) which have shown some efficacy.  A Phase I trial of MDX-1105 for 
patients with advanced NSCLC, melanoma, and renal-cell cancer showed durable tumor regression 
and prolonged stabilization of disease[30].  Atezolizumab, an anti-PDL1 mAb, showed therapeutic 
efficacy for multiple types of cancer, including colon, bladder lung, gastric, and head and neck 
cancers, as well as melanoma and renal cell carcinoma[2].  In May 2016, atezolizumab was given 
approval by the FDA for the treatment of bladder cancer. 
 
The results of several clinical trials using mAb checkpoint inhibitors are summarized and shown in 
Table 2.  A listing of approved checkpoint inhibitor therapies is shown in Table 3.  
 

 
 
Immune Checkpoint Inhibitors in Development 
CTLA4 and PD1 are not the only immune checkpoint targets; there are numerous ligands such as 
the B7 family inhibitory ligands (e.g. B7-H3 and B7-H4), which have an immune inhibitory role.  



 

 

Blocking of these alternative immune checkpoint targets may enhance the immune response against 
tumors.  Below is a table showing therapies targeting other immune checkpoint targets in clinical 
trials.  We will very briefly discuss several immune checkpoint targets below which have Abs or 
small molecule inhibitors available. 
 
LAG3 enhances the function of Treg cells and independently inhibits CD8+ effector T cell function.  
It is upregulated on both Treg cells and anergic (exhausted) T cells.  Notably, LAG3 and PD1 are 
often coexpressed on anergic T cells, blocking both LAG3 and PD1 demonstrated synergistic effects 
and reversed anergy in tumor-specific CD8+ T cells[33][33]. BTLA has been shown to be highly 
expressed on tumor infiltrating lymphocytes (TILs) in patients with melanoma.  It has a complex 
mechanism of action consisting of both inhibitory and co-stimulatory activity[1].  Dual blockade of 
PD1 and BTLA has been shown to enhance the antitumor immune response[34].  
 
The receptor A2aR causes CD4+ T cells to express FOXP3 and develop into Treg cells, thus 
inhibiting T cell response[35].  The ligand of A2aR is adenosine, which is released by dying cells 
such as those found in tumors which have a high rate of cell death and turnover.  A2aR may be 
inhibited through the use of Abs which block adenosine from binding to the receptor, or by  
adenosine analogues, some of which are specific for A2aR.  Some of these have been tested in 
clinical trials for Parkinson’s disease, but not for cancer[1].  
 



 

 

  
 
TIM3 inhibits T helper 1 cell responses, blocking TIM3 has been shown to enhance the antitumor 
immune response[35, 36].  The ligand of TIM3 is galectin 9, a galectin upregulated in multiple types 
of cancer.  TIM3 is reportedly co-expressed with PD1 on tumor-specific CD8+ T cells; dual blockade 
was shown to significantly enhance in vitro proliferation and cytokine production of T cells and 
animal models showed an enhanced antitumor immune response[38].  
 
Indoleamine 2,3-dioxygenase (IDO) is an enzyme which plays a role in suppressing the immune 
system by catalyzing the oxidative cleavage of tryptophan which is required for antigen -dependent 
activation, proliferation, and survival of T cells.  IDO is overexpressed on most tumors to help the 
tumor suppress the immune response.  IDO inhibitors reduce the depletion of tryptophan and 
promote an enhanced immune response against the tumor[5].  
 



 

 

 
 
Combinatorial Approaches to Immune Checkpoint Inhibitor Therapy 
For the majority of patients, immunotherapy as a monotherapy is thought to be relatively 
ineffective; however, a combinatorial approach may offer significantly greater therapeutic efficacy 
as compared to monotherapy[3].   This report discusses several combinatorial approaches to 
immunotherapy below; a summary of results from clinical trials utilizing a combinatorial approach 
to immune checkpoint inhibitor therapy is shown in Table 5.  
 
CTLA4 and PD1 affect distinct signaling pathways within T lymphocytes; CTLA4 inhibits T cell 
priming and activation whereas PD1 inhibits T cell response.  Combining anti -CTLA4 and anti-PD1 
therapies has been shown to achieve synergistic effects, significantly enhancing the antitumor 
immune response in both animal models and clinical trials.  A Phase I clinical trial using 
ipilimumab (an anti-CTLA4 mAb) together with nivolumab (an anti-PD1 mAb) showed tumor 
regression in 50% of patients with advanced melanoma[39].  
 
A Phase II study comparing ipilimumab monotherapy against ipilimumab with nivolumab showed 
that patients receiving the combination therapy had a 61% objective response rate (ORR), as 
compared to 11% of patients who had received the monotherapy[39].  As a result of these successes 
using a combinatorial approach to immune checkpoint inhibitory Abs, many other clinical trials are 
ongoing which utilize anti-CTLA4 with anti-PD1 or anti-PDL1 Abs for the treatment of renal cell 
carcinoma, bladder, gastric, pancreatic, small-cell lung, and NSCLC, and triple negative breast 
cancer[40].  It should be noted that combinatorial therapies may result in increased toxicity as  
compared to using a monotherapy.  Such toxicity may be manageable, but there should be careful 
consideration of dose and the therapeutic window when taking a combinatorial approach[41].  



 

 

Furthermore, the long-term effects of combination therapies are unknown and should thus be 
monitored[2]. 
 
Conventional cytotoxic therapies may release tumor neoantigens, or modify the immunosuppressive 
tumor microenvironment, thus actually increasing the antitumor response[42].  Chemotherapeutic 
drugs such as cyclophosphamide or paclitaxel reduce Treg cells or myeloid-derived suppressor cells 
(MDSCs), respectively, thus increasing the antitumor T cell response.  Combining such drugs w ith 
immune checkpoint inhibitors can increase their effect[2].  However, care must be taken when 
designing such a combinatorial approach because the chemotherapeutic agent may adversely affect 
the efficacy of immune checkpoint inhibitors depending on the phase of the targeted immune 
response or even the dosing/scheduling regimen[7].  Furthermore, there may be increased toxicity 
when utilizing such a combinatorial approach, there are several ongoing clinical trials investigating 
the efficacy and toxicity of such combinations[40].   
 
A combinatorial approach utilizing molecularly targeted cytotoxic therapies is expected to have 
fewer adverse effects, as compared to combinations with conventional chemotherapeutic drugs 
because conventional chemotherapeutic drugs may provoke an immune response against self-
antigens, due to the non-specific killing of both tumor and healthy tissues, whereas molecularly 
targeted drugs kill specific cancer cells, thus restricting the immune response to tumor antigens[43].  
Combinatorial approaches using molecularly targeted therapies with immune checkpoint inhibitors 
include the following targets: vascular endothelial growth factor (VEGF) receptor (VEGFR) 
inhibitors, Ab to receptor tyrosine kinases (RTKs) overexpressed in tumors, epigenetic therapies, 
and RAF inhibitors[1]. 
 
Combination with Immunostimulatory Antibodies  
Utilizing immunostimulatory Abs with immune checkpoint inhibitors is another combinatorial 
approach which is currently being investigated.  The most well -developed therapies target the 
OX40 and 4-1BB receptors.  4-1BB is expressed on the surface of primed CD4+ and CD8+ T cells, 
when bound to a ligand or an Ab targeting it, T cell activation, growth, survival, and effector 
functions are increased, thus increasing the antitumor immune response[44].  The OX40 receptor is 
found on CD4+ and CD8+ T cells and plays a role in T cell activation, proliferation, survival, and 
cytokine production[45].  Combining anti-OX4 agonist mAbs with immune checkpoint inhibitors 
(anti-CTLA4, anti-PD1, and anti-TIM3) has resulted in improved long-term survival, tumor 
rejection, and resistance to tumor re-challenge[3]. 
 
 
Challenges and Patent Disputes  
Immune checkpoint inhibitors have revolutionized the world of cancer immunotherapy, and 
represent a large and growing market.  In addition to anti-PD1/ PDL1 or anti-CTLA5 Ab, there are 
many more immune checkpoint inhibitor therapies in development (e.g. TIM3, LAG3, IDO, etc.).  
This has resulted in a large number of patents being filed in the field by a variety of players, 
sometimes leading to disputes.  In September 2014, Bristol -Myers Squibb and Ono filed a suit 
against Merck’s pembrolizumab for patent infringement.  
It should also be noted that immune checkpoint inhibitor therapies are effective in only a small 
subset of patients, and thus biomarkers predictive of response to treatment must be utilized to 
ensure efficacy; patents related to biomarkers will also be of significant commercial value[5].  



 

 

 

 
 
Immune-Related Adverse Effects (iRAEs)  
Clinical trials of ipilimumab revealed a new obstacle unique to immune checkpoint inhibitors: 
immunerelated adverse effects (iRAE).  iRAEs are characterized based on commonality and 
severity. Common adverse effects associated with immunotherapy include rash, diarrhea and 
fatigue. iRAEs are defined as mechanism-based toxicities, which result from a disinhibited immune 
response[46].  Some examples of severe iRAEs include enterocolitis, pneumonitis, hepatitis, 
dermatitis, neuropathy, endocrinopathy, arthritis, nepritis, meningitis, etc.  The se typically occur 
with blockade of CTLA4, and can usually be managed without adversely affecting the anticancer 
effects of the therapy.  It should be noted that compared to anti -CTLA4 therapy, anti-PD1 or anti-
PDL1 therapies do not typically induce high-grade iRAEs, with the exception of pneumonitis[47].  
Severe iRAEs require immediate and permanent discontinuation of the therapy and patients are 
treated with high-dose systemic corticosteroids[48].  The immune-related response criteria (irRC) 
has been developed as a guidance for evaluating the efficacy of anticancer immunotherapy 



 

 

treatment[49].  It should be noted that combinatorial approaches to immunotherapy utilizing 
multiple immune checkpoint inhibitors may induce greater toxicity than monotherapy; ther efore 
the dose should be carefully selected and patients should be carefully monitored for iRAEs when 
given multiple immune checkpoint inhibitor therapies[41].  
 
Biomarkers for Immunotherapy  
It should be noted that only a small percentage of patients respond to immunotherapies such as 
immune checkpoint inhibitors; thus careful patient selection is critical for achieving therapeutic 
efficacy, avoiding toxicity, and for clinical trials success[50].  Patient selection may be achieved by 
utilizing biomarkers; the identification and validation of reliable biomarkers predictive of immune 
checkpoint inhibitor therapy efficacy is currently being pursued, a brief overview is given below.  
 
PD1 and PDL1  
PDL1 expression may serve as a biomarker for cancers such as NSCLC; however, it has been shown 
that PDL1 expression does not broadly correlate with response to therapy across all types of 
cancers[51].  Clinical trials showed that melanoma patients had similar treatment outcomes 
regardless of their PDL1 expression status[52, 53].  Tumors which display a high degree of 
mutational load may be amenable to immune checkpoint inhibitor therapy due to their generation 
of neoantigen-specific T cell responses which may contribute to response to immunotherapy[54].  
In October 2015, as a result of three clinical trials which found a positive correlation between PDL1 
expression and treatment outcome in patients with advanced NSCLC, the FDA approved two 
immunohistochemical (IHC) assays which detect PDL1 expression in formalin-fixed, paraffin-
embedded NSCLC tissue[51].  The PD-L1 IHC 22C3 pharmDx assay and PD-L1 IHC 28-8 pharmDx 
assay (Dako) are tied to treatment with pembrolizumab (Keytruda, Merck) and nivolumab 
(Opdivo, Bristol-Myers Squibb), respectively.  It should be noted that clinical trials also showed 
that some patients with low/no expression of PDL1 had also responded to treatment; thus it is 
important to remember that PDL1 is a dynamic and inducible biomarker whic h needs to be 
considered differently than other types of oncological biomarkers[51].   
 
 
Table 6 summarizes the results of several clinical trials showing evidence for using PDL1 as a 
biomarker predictive of response to treatment with immune checkpoint inh ibitor therapy. 



 

 

 
 
Other Biomarkers  
PD1 and PDL1 are not the only biomarkers predictive of response to checkpoint inhibitor therapy; 
a multitude of other biomarkers (derived primarily from patients’ tumor or blood) have been and 
are being researched as well[32].  A thorough review of all biomarkers being researched is out of the 
scope of this report; however, Table 7 gives a summary of biomarkers being researched for 
predicting efficacy of treatment with immune checkpoint inhibitor therapy.  
 
 
 
 
 
 
 



 

 

 
 
Technologies for Biomarker Discovery  
A thorough discussion of novel technologies for discovering predictive and prognostic biomarkers 
for treatment with immune checkpoint inhibitor therapy is out of the scope of this report; however, 
a brief overview is given below and in Table 8.  The reader is referred to Yuan, Jianda et al. (2016) 
for a comprehensive overview of these technologies. Although tumors may share some similarity 
within a class or type, each tumor is unique and has its own set of mutations, which may produce 
neoantigens unique to each patient.  With the advent of nextgeneration sequencing, whole exome 
sequencing of tumors for the discovery of neoantigens specific to each patient may be performed.  
Gene expression analysis may also be utilized to identify intrinsic immunosuppressive molecules 



 

 

and extrinsic inhibitory signatures, which may be predictive biomarkers and/ or potential 
immunotherapy targets.  The epigenetic signatures of immune cells, cancer cells, and other cell 
types may be analyzed by quantitative real-time PCR assisted cell counting.  Such data would 
assist in revealing the cancer mutation landscape.  Proteomics may reveal the magnitude and 
spectrum of autoantibodies unique to each patient’s tumor, and their integration into the T cell 
response.  This data may then be used to measure the adaptive immune response to the tumor, and 
thus serve as a potential biomarker.  Multi-parameter cytometry, e.g. mass cytometry, for the 
broad analysis of immune competence in cancer patients may reveal the phenotypes and functions 
of multiple immune cell subsets in a single PBMC sample or from a tumor biopsy, thus giving a 
“fingerprint” of immune responsiveness.  This “fingerprint” may be predictive of responsiveness to 
therapy.  Immunosequencing of T and B cell receptors may also serve as biomarkers predictive of 
response to therapy, as well as for monitoring the pharmacodynamics changes, drug efficacy, and 
side effects of therapy.  Both tumor infiltrating lymphocytes’ number and degree of specific clona l 
expansions, and the distribution of T cell clones in the blood may be analyzed using this method.  
Multiplexed staining approaches and imaging systems may be utilized to define any spatial and 
temporal (pre- vs. post-treatment) heterogeneity that influences tumor biology, and can be used as 
a biomarker and add to the understanding of tumor pathogenesis.  
 
One might take into consideration the utilization of an integrated approach, using data from 
multiple assays and correlating the results with each other.  Such an integrated approach would 
serve to not only provide a wealth of information about the tumor, but also to verify and validate 
data obtained using one method vs. another method, thus providing an accurate evaluation of the 
tumor’s immune profile.  Companies such as IncellDX and EPIC Sciences have their own 
proprietary technology that is able to not only look for multiple biomarkers in parallel in 
circulating tumor cells (CTCs), but is also able to quantify biomarker expression.  Both EPIC 
Sciences and IncellDX’s technologies are able to look at both CTCs and white blood cells in order to 
obtain a view of immune system activation which is particularly relevant for immune checkpoint 
inhibitor therapy.  By looking at CTCs, they are able to obtain a more holistic view of the tumor 
and can track the tumor’s evolution over time, before and after therapy, providing insights into 
what treatment works and how it affects the tumor’s growth.  Such technologies will be crucial for 
predicting response to therapy and selecting the right patients to receive therapy. 
 
By looking at CTCs, they are able to obtain a more holistic view of the tumor and can track the 
tumor’s evolution over time, before and after therapy, providing insights into what treatment 
works and how it affects the tumor’s growth.  Such technologies will be crucial for predicting 
response to therapy and selecting the right patients to receive therapy.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Conclusion  
Different tumors have different dominant immune checkpoint pathways, thus determining which 
therapy to use, and which pathway to target is crucial to achieve therapeutic efficacy.  
Determining biomarkers which reveal such information will be critical.  Furthermore, 
combinatorial approaches should be carefully considered.  Targeting multiple checkpoint inhibitors 
or combining a tumor vaccine with a mAb targeting a checkpoint inhibitor has been shown to 
significantly increase the antitumor immune response[14].  In addition, certain targeted cancer 
therapies, which have not been thought of as immunotherapies, may work to increase the effect of 
blockade of immune checkpoint inhibitors by upregulating immune checkpoints[1].   
 
In the future, when treating patients with a checkpoint inhibitor, utilizing biomarkers with genetic 
profiling of tumors may serve to stratify cancer types based on their immune evasion strategy and 
serve as predictors of patient outcome, thus improving patients’ outcomes. Such a strategy 
represents yet another step towards personalized medicine, along with advances in areas such as 
gene editing.  However, with such advances comes challenges such as navigating the patent 
landscape.  A careful patent strategy will be necessary for companies in  such fields if they are to be 
successful.  The opportunity for personalized medicine is staggering, as we identify the key 
influencers in cancer development, it will be critical to utilize diagnostic tools. Companion 
diagnostics are developing as rapidly as the immunotherapies themselves. The integration of these 
two areas will be addressed in a separate report.  Part 2 of this report will discuss adoptive cell 
therapies, specifically the use of chimeric antigen receptor T cells (CAR-T cells). 
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