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Editorial

What does the future hold for immunotherapy in cancer?
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Introduction

Cancer Immunotherapy—a therapeutic strategy of 
harnessing the immune system to recognize and clear 
cancer—was named by Science journal as ‘Breakthrough 
of the Year’ in 2013 (1). This was largely attributable 
to clinical successes in metastatic melanoma and lung 
cancer, whereby a class of immunotherapy called immune 
checkpoint antibodies demonstrated an improvement in 
survival outcomes compared to standard therapy. Since 
then, three immune checkpoint antibodies have been 
approved by the Food and Drug Association (FDA) 
and other regulatory agencies for the treatment of both 
metastatic melanoma and non-small cell lung cancer 
(NSCLC). These include ipilimumab—an antibody 
against cytotoxic T-lymphocyte antigen 4 (CTLA-4), as 
well as nivolumab and pembrolizumab—antibodies against 
programmed-death 1 (PD-1). There are now a number of 
other antibodies in development against both PD-1 and 
it’s ligand, PD-L1, including pidilizumab, durvalumab, 
avelumab and atezolizumab, as well as antibodies against 
other immune checkpoint targets such as lymphocyte 
activation gene-3 (LAG-3), T-cell immunoglobulin mucin 
protein-3 (TIM-3), glucocorticoid-induced TNFR family 
related gene (GITR) and CD-137 (2,3). In addition to 
being clinically effective in melanoma and NSCSC, anti-
PD-1/PD-L1 antibodies have demonstrated preliminary 
efficacy across a number of solid tumors, including: renal 
cell carcinoma (RCC) (4,5), urothelial carcinoma (6),  
hepatocellular carcinoma (HCC) (7), head and neck 
carcinoma (8), and mismatch-repair deficient colorectal 

cancer (CRC) (9); as well as hematologic malignancies 
including chronic lymphocytic leukemia with Richter’s 
transformation (10) and Hodgkins lymphoma (11). 
Because of these successes, immune checkpoint antibodies 
are becoming incorporated into the standard treatment 
paradigm for a variety of cancers, alongside conventional 
therapies such as radiation, surgery and chemotherapy.

Immune checkpoint therapy is fundamentally distinct 
from traditional anti-cancer therapies and so-called 
“targeted” therapies, in that these agents modulate the 
host immune response, rather than directly targeting the 
aberrant or mutated features of tumor cells. With this in 
mind, Sharma and colleagues (12) published a position 
paper on the future of immune checkpoint therapy. 
Herein, we highlight the main elements of this article, 
including a summary of the current knowledge of how the 
immune system interacts with tumor cells in the tumor 
microenvironment (TME), the clinical development of 
immune checkpoint antibodies to date, and future directions 
with regard to the next wave of clinical studies and advances 
in both tissue-based and circulating biomarkers.

Activation of T-cells and the tumor 
microenvironment (TME)

Sharma and colleagues assert that two factors are central 
to the successful achievement of an immunologic anti-
tumor response: activation of T-cells, and functional anti-
tumor activity of T-cells in the TME. T-cells are the 
workhorses of the adaptive immune system, and have three 
unique capabilities that make them promising anti-cancer 
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agents. First, T-cells can be specific to an individual’s 
tumor, in that they identify tumor-associated proteins 
called ‘antigens’ via cell-surface interactions of the T-cell 
receptor with major histocompatibility complex (MHC) 
molecules. Second, T-cells are capable of mediating 
long-lasting immune responses via a process called 
“immunologic memory”: after an initial T-cell response 
is generated, the adaptive immune system produces 
long-lasting memory T-cell populations that circulate 
in the blood, and are capable of mounting efficient and 
sustained anti-tumor immune responses when re-exposed 
to the same antigen in the future. Because of this, anti-
tumor immunity can be life-long, which is consistent with 
observations that clinical responses to immune checkpoint 
therapy can be durable. Finally, T-cell responses can evolve 
and improve over time, with new responses being mounted 
by T-cells in the face of intra-tumor heterogeneity or 
tumor clonal evolution. This adaptability of the immune 
response is mediated largely by the inherent vastness of 
antigen diversity and subsequent T-cell responses, as well 
as a process called “epitope spreading”, whereby an initial 
immune response against a tumor-associated antigen may 
ultimately spread to epitopes distinct from the original or 
dominant epitope, leading to further immune responses 
against other tumor-associated antigens originating from 
the same tumor (13). 

A variety of biologic hallmarks of cancer may ultimately 
lead to the generation of antigens that are capable of 
facilitating anti-tumor immune responses. For example, 
some cancers are mediated by viral infection (for example, 
HPV-associated malignancies), and may produce virally-
associated proteins that serve as tumor antigens. Other 
cancers are associated with tumor-specific differentiation 
antigens (such as  proteins involved in melatonin 
production), fetal proteins (such as CEA in colon cancer) 
or cancer-tests (CT) antigens, which are expressed 
due to epigenetic dysregulation (such as NY-ESO-1). 
Importantly, cancers also generate tumor-specific peptides 
through somatic mutations that result in the production of 
mutation-associated-neoantigens, which can bind to MHC 
molecules and therefore be recognized by an individual’s 
immune system (14,15). Studies assessing the epitope 
landscape of breast and colon carcinoma have demonstrated 
that neoantigens produced as a result of the activity of a 
selected number of mutant genes, have binding potential to 
HLA-A*0201. Since an individual may have up to 6 HLA 
class I genes, this equates to between 42 and 60 neoantigens 
that may be presented to T-cells.

Development of Immunotherapy: from vaccines 
to immune checkpoint antibodies

For many years, cancer immunotherapy research was focused 
on developing an anti-tumor vaccine against shared tumor 
antigens, such as gp100 for melanoma. These early trials 
had limited success in the clinic, in part attributable to a 
lack of understanding of the complexity of T-cell activation, 
inappropriate antigen selection, and a lack of appropriate 
co-stimulation (16). In the last 20 years, however, it has 
become known that successful T-cell activation, in addition 
to requiring antigen in the context of MHC, also requires a 
‘second signal’ of activation. This second signal is generated 
by the interaction between B7 molecules (B7-1 and B7-2) on 
a tumor cell with CD-28 on a T-cell (17). It was later shown 
that, even if tumors lacked B7 molecules, they could still be 
targeted for immune destruction by an alternative T-cell 
activation pathway, in a process called cross-priming. During 
cross-priming, professional antigen-presenting cells (APCs) 
engulf tumor or tumor particles by phagocytosis, and then 
subsequently present tumor antigens to T-cells via MHC, in 
conjunction with the B7 co-stimulatory molecules, ultimately 
leading to T-cell activation. Once T-cells are activated 
through cross-priming, this generates a cascade of effects 
resulting in T-cell proliferation and functional differentiation.

In response to these discoveries, pioneers of anti-cancer 
vaccines began to incorporate antigen sources together 
with APCs and/or dendritic cells (DCs), in an effort to 
enhance co-stimulation via the cross-priming mechanism. 
From here, it also became clear that, converse to the B7/
CD28 co-stimulatory pathway, a co-inhibitory signal is also 
generated which is capable of abrogating T-cell activation. 
This co-inhibitory signal is mediated by a related molecule 
called CTLA-4 (18). These findings were confirmed in 
studies of CTLA-4 knockout mice, where a rapid and lethal 
lymphadenopathy was demonstrated, thus indicating the 
ability of ‘unleashed’ T-cells to destroy normal tissue (19,20). 
Based on these findings, cancer immunologists began 
exploring the possibility that CTLA-4 and other checkpoint 
molecules could be targeted therapeutically. 

Preclinical development of immune checkpoint 
antibodies

Murine models provided proof-of-concept that inhibiting 
CTLA-4 with an antibody could lead to tumor regression 
and long-standing anti-tumor immunity. In these models, 
anti-CTLA-4 therapy was associated with an increase in the 
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ratio of effector T-cells to regulatory T-cells (21). Since this 
therapy was effective pre-clinically across multiple tumor 
types and modified a subject’s immune cells rather than 
tumor cells, it was postulated that the clinical benefits of 
anti-CTLA-4 antibodies may not be specific to a cancer’s 
histologic subtype or genetic abnormality. Moreover, 
it was demonstrated that CTLA-4 blockade could be 
potentially synergistic with the effects of tumor vaccines, 
cryoablation (22), oncolytic viruses (23), and other agents 
aimed at enhancing other methods of T-cell activation in 
mouse models (24,25). These preclinical studies supported 
the clinical development of anti-CTLA-4 therapy, and 
spurred the development of a class of agents whose mode 
of action has been collectively termed, ‘immune checkpoint 
blockade’, with CTLA-4 classified as the first co-inhibitory 
immune checkpoint antibody.

A number of additional immune checkpoint molecules 
have been described (26), including another co-inhibitory 
T-cell checkpoint molecule called PD-1 (27). Similar to 
CTLA-4, PD-1 signaling may inhibit T-cell activation upon 
binding of PD-1 to either of two ligands, PD-L1 and PD-
L2. PD-1 is expressed on T-cells that have been chronically 
exposed to antigen, whereas CTLA-4 is expressed on T-cells 
that have been acutely exposed to antigen. Furthermore, 
the PD-L1/2 ligands are expressed in a variety of cell 
types within the TME, including tumor cells that have 
been exposed to interferon-gamma, immune cells and 
epithelial cells (3). Similar to CTLA-4, PD-1 blockade 
with a therapeutic antibody has been effective in a variety 
of pre-clinical models. Furthermore, because of the unique 
roles of these two molecules, combination therapy with 
anti-CTLA-4 plus anti-PD-1 has been demonstrated to be 
synergistic in some models (28-30). 

Clinical development of immune checkpoint 
antibodies 

Currently, two anti-CTLA-4 therapeutic antibodies have 
been clinically developed: ipilimumab (Bristol Myers-
Squibb LLC, NJ) and tremelimumab (MedImmune LLC, 
Gaithersburg, MD). Ipilimumab (3 mg/kg) was initially 
studied in a phase I trial in metastatic melanoma, with 2 
of 17 patients enrolled in the study demonstrating durable 
partial responses (31). Ipilimumab was subsequently 
evaluated in a double-blind phase II trial at three dose 
levels of 0.3, 3, or 10 mg/kg for four doses administered 
every 21 days, followed by maintenance dosing every  
3 months. The objective response rate (ORR) was 11%, with 

a median overall survival (OS) of 14 months in the 10 mg/kg  
cohort (32). Ipilimumab was then investigated in a 
randomized phase III trial (3 mg/kg) in metastatic melanoma, 
comparing gp100 peptide vaccine alone, versus ipilimumab 
alone, versus the combination (33). The ipilimumab and 
ipilimumab/gp100 groups improved survival compared 
with the gp100 vaccine alone (10.0 vs. 10.1 vs. 6.4 months, 
P<0.001). In a second phase III study, the combination of 
ipilimumab (10 mg/kg) and dacarbazine with maintenance 
3-monthly ipilimumab was compared to dacarbazine plus 
placebo followed by maintenance placebo every 12 weeks, 
and demonstrated a 2-month improvement in median OS 
in favor of the ipilimumab combination (34). In addition, 
this study demonstrated a prolonged duration of response at  
19.3 months with the ipilimumab combination. These clinical 
findings further substantiated the preclinical hypothesis 
that long-lived immunity may translate into a prolonged 
anti-tumor effect in selected patients with the use of 
immune checkpoint blockade. Ipilimumab was subsequently 
investigated in other solid tumors such as prostate cancer, 
RCC and NSCLC (35-37). 

Tremelimumab (15 mg/kg every 3 months) was the 
second human immunoglobulin G2 (IgG2) monoclonal 
antibody directed against CTLA-4 to be clinically 
investigated (38). This agent was studied in a phase III trial in 
metastatic melanoma and compared to investigator’s choice 
chemotherapy. In this trial, a prolonged median duration 
of response of 36 months was seen with tremelimumab 
compared with combination chemotherapy at 14 months 
(P=0.0011) (39). The lack of OS benefit demonstrated in 
this study may be attributable to subsequent ipilimumab 
treatment in the control arm, or either inadequate dose or 
schedule of therapy.

The first anti-PD-1 antibodies to be clinically investigated 
were nivolumab (BMS-936558, Bristol Myers-Squibb) and 
pembrolizumab (MK-3475, Merck, Sharpe and Dohme, 
Whitehouse Station, NJ), both human monoclonal IgG4 
anti-PD-1 antibodies. Nivolumab was the first to be 
studied in a phase Ib study in multiple solid tumors (40).  
In this study, responses were reported in metastatic 
melanoma (28%), NSCLC (24%) and RCC (18%), 
with a median duration of response of 74 weeks in all 
tumor types, and an impressive median OS of 9.6 months  
in heavily-pretreated NSCLC patients. This study 
provided a basis for subsequent late phase clinical trials 
in all three solid tumor types, whereby nivolumab 
improved OS compared to standard-of-care (5,41-43).  
These findings resulted in FDA-approval in the first-line 



Naidoo et al. Immunotherapy editorial

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2016;4(9):177atm.amegroups.com

Page 4 of 10

setting for metastatic melanoma, and in the second-line 
setting for NSCLC and RCC. Similarly, pembrolizumab 
demonstrated adequate safety and tolerability at 1, 3, and 
10 mg/kg dose levels in a phase I study (44). In melanoma, 
objective responses were 37-38%. In a subsequent phase II 
study of pembrolizumab for melanoma, ORR was 26% (45) 
leading to FDA-approval of pembrolizumab in ipilimumab-
refractory metastatic melanoma. In a phase I pembrolizumab 
study of NSCLC patients with PD-L1-positive tumors as 
measured by immunohistochemistry (IHC) (at least 50% of 
tumor cells), ORR was 45.2%, with a median progression-
free survival (PFS) of 6.2 months (46), leading to the FDA-
approval of this agent for PD-L1 positive NSCLC.

In addition to anti-PD-1 antibodies, a number of 
agents against the PD-1 ligand, PD-L1, are in clinical 
development, for example, durvalumab (previously 
MEDI4736, MedImmune, Gaithersburg, MD) and 
atezolizumab (previously MPDL3280A, Genentech/Roche, 
San Francisco, CA). Atezolizumab is an anti-PD-L1 antibody 
that contains an engineered Fc portion that targets PD-L1, 
and was studied in a phase I trial in patients with metastatic 
melanoma, RCC and NSCLC, where ORR in these tumor 
types were 29%, 22% and 15% respectively (47). In addition, 
this agent demonstrated an ORR of up to 13% of patients 
with PD-L1 positive metastatic bladder carcinomas in a phase 
I study (6) and in PD-L1 positive NSCLCs (46), where PD-
L1 positivity was measured on both tumor cells and immune 
cells (48).

The future of clinical trials with immune 
checkpoint antibodies 

Combination studies of immune checkpoint antibodies, 
mainly anti-PD-1/PD-L1 antibodies combined with 
other immunotherapeutic agents as well as standard anti-
cancer therapies, are currently underway in multiple tumor 
types. The combination of ipilimumab (anti-CTLA-4) and 
nivolumab (anti-PD-1) was first studied in a phase I trial in 
malignant melanoma, and demonstrated a 40% ORR, with 
30% of patients (n=16) demonstrating shrinkage of more 
than 80% of their tumor (28). Subsequent phase II (29) and 
III studies (30) in advanced melanoma were undertaken, and 
the combination is now FDA-approved for the treatment 
of this disease. This combination is also under investigation 
in patients with advanced NSCLC in the first-line setting, 
as well as other combinations such as pembrolizumab plus 
ipilimumab (49), and durvalumab plus tremelimumab (50). 

Certain cytotoxic chemotherapeutic agents are 

also thought to have immunogenic properties, such 
as 5-flurouracil, which may decrease myeloid derived 
suppressor cells (MDSC) (51) and increase effector 
T-cells at the TME (52), and oxaliplatin, which induces 
immunogenic cell death (53). These effects formed the 
basis for a phase I study of the combination of FOLFOX 
chemotherapy, bevacizumab and atezolizumab in metastatic 
CRC (54). A number of multi-arm phase I studies are 
currently underway in NSCLC and other solid tumors, 
aimed at investigating the safety and tolerability of 
combining anti-PD-1/PD-L1 antibodies with standard 
chemotherapeutic agents (NCT01454102, NCT02039674, 
NCT01633970). 

Immune checkpoint antibodies have also been combined 
with ‘targeted therapies’ such as tyrosine kinase inhibitors 
for mutated oncogenes (55-57), as it is postulated that 
the PD-1/PD-L1 pathway may be an immune escape 
mechanism that mediates acquired resistance in these 
patients (58). Thus, patients with epidermal growth 
factor receptor (EGFR)-mutant NSCLC with the T790M 
resistance mutation are currently being studied in a phase 
I trial of the combination of a mutant-specific TKI to 
T790M, osimertinib (previously AZD9291), together 
with durvalumab (59). In both BRAF-mutant and wild-
type metastatic melanoma, durvalumab has been combined 
with the BRAF-inhibitor dabrafenib and MEK-inhibitor 
trametinib either concomitantly or sequentially with 
trametinib alone (60). 

Immune checkpoint antibodies have also been combined 
with anti-angiogenic agents such as vascular endothelial 
growth factor (VEGF) inhibitors (bevacizumab) and multi-
targeted tyrosine kinase inhibitors (sunitinib, pazopanib). 
Blockade of VEGF may also lead to immunologic changes 
in the TME including, for example increasing effector 
T-cell populations (61,62) or reducing suppressive immune 
populations (such as regulatory T-cells and MDSCs) or 
immunosuppressive cytokines (63). In metastatic CRC and 
clear cell RCC, bevacizumab plus atezolizumab has been 
shown to be safe, and is being evaluated for efficacy in a 
phase II study (54,64). 

Immune checkpoint antibodies have also been combined 
with ionizing radiotherapy, with the goal to enhance local 
control or to induce antigen release, cross-priming of T-cells 
against tumor-associated antigens, and systemic disease 
control, termed the “abscopal effect” (65,66). Radiation may 
induce immunogenic cell death (67), which is associated 
with an increase in effector T-cells at the TME, increased 
antigen presentation, and chemokine release. Conversely, 
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radiation may also lead to less effective DC function 
(68,69) and immunosuppression mediated by suppressive 
immune cell populations (70,71). A study of external-beam 
RT to between 1–3 osseous metastases combined with 
ipilimumab was found to be safe in a study in castration-
resistant prostate cancer metastatic to bone (35). Studies 
exploring the combination of anti-PD-1/PD-L1 antibodies 
with definitive and palliative RT approaches are currently 
underway.

Next steps in biomarker discovery

Only a subset of patients treated with immune checkpoint 
antibodies experience durable disease control, highlighting 
the importance of identifying a predictive biomarker by 
which these patients may be selected. Biomarker studies 
can be sub-classified into either tissue-based or circulating 
biomarker studies. In the context of anti-CTLA-4 therapy, the 
absolute lymphocyte count (ALC) was identified as a potential 
pharmacokinetic circulating biomarker for ipilimumab, 
as absolute ALC level at 7 weeks (≥1,000 cells/μL) and 
magnitude of ALC increase was found to correlate with 
improved clinical outcomes in melanoma patients (72,73). In 
another study, the baseline absolute eosinophil and relative 
eosinophil counts were associated with improved survival in 
ipilimumab-treated patients (74,75). Sharma and colleagues 
postulate that pre-surgical clinical trial designs are an ideal 
platform with which to identify effective tissue or blood-
based biomarkers. A pre-surgical trial creates an opportunity 
to examine a large amount of tumor tissue at the time 
of surgery, as well blood obtained at pre-specified time-
points, both of which can be interrogated using multiple 
approaches. Thus, this group of investigators studied 
tumor tissue and serial blood samples from 12 patients with 
localized bladder carcinoma who received ipilimumab prior 
to cystectomy (76). Importantly, this study demonstrated 
that it was safe and tolerable to deliver immune checkpoint 
blockade with ipilimumab prior to surgery, and tissue 
from both pre and post treatment samples as well as stage-
matched controls were interrogated using DNA, RNA 
and immune-based analyses. This study demonstrated that 
anti-CTLA-4 therapy was associated with an increase in a 
CD4+ T-cell population that was positive for a cell-surface 
marker called inducible costimulator (ICOS) in the post-
treatment cystectomy patients, a similar molecule to CD28/
CTLA-4. In addition, the presence of this infiltrate was also 
accompanied by a demonstrable increase in ICOS+ T-cells 
in the circulation, detected by flow cytometry. These 

findings established ICOS as a pharmacodynamic biomarker 
for anti-CTLA-4 therapy, and was subsequently confirmed 
in mouse models as a co-stimulatory pathway integral 
to the achievement of therapeutic efficacy of CTLA-4  
blockade (77). These findings also suggested that the 
combination of CTLA-4 blockade and increased ICOS 
activity could potentially improve upon the efficacy of 
CTLA-4 blockade alone (78).

Another approach used to examine potential predictive 
biomarkers to CTLA-4 blockade has focused on assessing 
the characteristics of the tumor cells in patients who 
have demonstrated long-term responses to this therapy, 
compared to those patients who did not sustain a durable 
response. In a study of melanoma patients receiving 
ipilimumab, whole-exome sequencing was conducted to 
evaluate the prognostic utility of measuring the number 
of non-synonymous somatic mutations. It was speculated 
that these non-synonymous mutations might be translated 
into non-self-proteins capable of stimulating anti-tumor 
immune responses. It was found that patients with a “high 
mutational load” in their tumors exhibited improved 
survival compared to patients with a low mutational load. 
From here, the investigators conducted patient-specific 
HLA typing and used prediction algorithms to identify 
which mutations were capable of being presented by MHC. 
A neoantigen landscape was identified in patients who 
demonstrated a deep and prolonged response to CTLA-4 
blockade, and was validated in a second set of 39 melanoma 
patients treated with anti-CTLA-4 antibodies (79).  
In a similar assessment of NSCLC patients receiving 
pembrolizumab, patients with a higher mutational load had 
improved ORR and PFS (80). Other predictors of favorable 
outcome included an increased number of predicted 
mutation-associated neoantigens, as well as mutations in 
DNA repair pathways. Such observations contributed to 
the theory that tumors with deficiencies in DNA mismatch-
repair might respond to immunotherapy. In patients with 
both CRCs and non-CRCs with mismatch-repair deficiency, 
pembrolizumab demonstrated improved immune-related 
ORR and PFS (CRC: n=4/10, 40%; non-CRC: n=7/8, 
88%) compared to colorectal tumors with intact mismatch-
repair enzymes (n=0/18, 0%; and n=2/18, 11%) (81). In this 
study, mismatch repair-deficient tumors exhibited a mean 
of 1,782 somatic mutations per tumor, versus 73 mutations 
seen in mismatch repair-proficient tumors (P=0.007). 

Based upon the assumption that anti-PD-1 therapy 
functions principally by blocking interactions of PD-1 
with PD-L1 on tumors, the first proposed biomarker for 
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PD-1/PD-L1 therapy was tumor PD-L1 expression as 
measured by IHC. In the phase I nivolumab trial, patients 
with tumors expressing PD-L1, using a cutoff of 5% 
membranous staining of tumor cells, demonstrated an 
ORR of 36% vs. 0% for PD-L1-negative patients (40).  
However, in the phase I ipilimumab plus nivolumab 
combination study, membranous PD-L1 expression was not 
predictive of response, with similar ORRs regardless of PD-
L1 expression (8/17 responses in PD-L1 negative tumors vs. 
4/10 responses in PD-L1 positive tumors) (82). Subsequent 
late phase clinical trials have revealed that PD-L1  
expression—using a variety of cut-off values including 
1% and 5% of tumor membranous staining—was neither 
predictive of response nor OS benefit in the second-line 
setting in both NSCLC (42) or pre-treated RCC (4). In a 
phase III trial of nivolumab in metastatic melanoma, PD-
L1 positivity (cutoff: 5%) enriched for response, however 
patients with PD-L1 negative tumors still demonstrated a 
33% ORR to nivolumab (41).

PD-L1 may also be expressed on immune cells present 
in the TME. In a trial of atezolizumab in metastatic 
bladder carcinoma, PD-L1-positivity was defined as 
greater than 5% positivity of intra-tumoral immune cells. 
With this definition, PD-L1-positive tumors exhibited 
a higher response (43.3%, n=13/30) compared to PD-
L1 negative tumors (11.7%, n=4/13). While provocative, 
the PD-L1 biomarker may be less clinically useful in 
this setting, as ORRs even for PD-L1 negative tumors 
are appealing compared to standard-of-care second-line 
chemotherapy. 

There are inherent challenges in developing and 
standardizing the PD-L1 biomarker for clinical use. To 
date, there is no consensus regarding the optimal PD-
L1 antibody stain, threshold for positivity, standard for 
cell scoring, or biopsy methodology. Furthermore, PD-
L1 expression may be dynamic and heterogeneous across 
space and time, changing as a result of tumor plasticity (for 
example, loss of the PTEN tumor suppressor gene), TME 
factors, or treatment effects (for example, chemotherapy-
induced interferon gamma production) (83). To overcome 
these challenges, a PD-L1 working group has been 
developed, as well as dedicated studies comparing different 
PD-L1 antibodies and biomarker evaluation techniques. 
Proposed future IHC biomarker research directions include 
assessment of other immune cell populations, such as CD8+ 
T-cell infiltration at the invasive margin by conventional 
IHC, or novel methods such as multiplex quantitative 
immunofluorescence (84,85). 

Conclusions

Immune checkpoint antibodies are an exciting class of 
agents that are being incorporated into the treatment 
paradigm for several cancers. These antibodies harness anti-
tumor immunity, which can be specific to one’s tumor, yet 
adaptive and long-lasting, thus generating durable clinical 
benefit across a variety of malignancies. However, because 
of the inherent complexity of the immune response, patient 
selection and biomarker discovery and development has 
been a challenge. 

Ipilimumab, nivolumab and pembrolizumab are FDA-
approved as single agents for the treatment of metastatic 
melanoma as well as the combination of ipilimumab and 
nivolumab, and nivolumab and pembrolizumab are also 
approved for NSCLC. Most recently, nivolumab was 
approved for pre-treated metastatic RCC. Furthermore, 
atezolizumab has been granted breakthrough designation 
for the second-line treatment of bladder carcinoma. These 
advancements are examples of how years of immunotherapy 
research has come to fruition in the clinic.

The next challenge is to determine how best to optimize 
response by rationally combining immune checkpoint 
antibodies with other immunotherapies or standard anti-
cancer agents that may augment the immune response. 
These approaches are also being evaluated as methods 
of overcoming drug resistance to immune checkpoint 
monotherapy. The mechanisms of primary and acquired 
resistance to immune checkpoint blockade are under active 
investigation. 

Biomarker discovery in this field has focused thus far 
on both tumor-based and circulating biomarkers. ICOS+ 
CD-4+ T-cells were identified as a pharmacodynamic 
biomarker to CTLA-4 blockade in a pre-surgical study 
of ipilimumab in bladder carcinoma. A pre-surgical study 
of PD-1 blockade in non-small lung cancer is currently 
underway, led by Johns Hopkins investigators, and may 
glean similar insights in this population. PD-L1 expression 
using IHC is currently being employed as a biomarker for 
PD-1 blockade, and has demonstrated the ability to enrich 
for response, in some but not all clinical contexts. Other 
predictive biomarkers such as tumor mutational burden and 
multiplex methods are under active study.
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