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One of the major breakthroughs in cancer immunotherapy 
in the past decades was the discovery of immune checkpoint 
molecules, notably cytotoxic T-lymphocyte associated 
protein 4 (CTLA-4) (1) and the programmed cell death-1 
(PD-1, also known as CD279) T-cell receptor (2) and its 
ligands (programmed death-ligand 1 (PD-L1, also known 
as B7-H1 or CD274) (3) and PD-L2 (also known as B7-
DC or CD273) (4). PD-1 is expressed on activated CD4 
and CD8 T cells, natural killer (NK) cells, B cells, activated 
monocytes and dendritic cells (DC) (5). Recent clinical 
trials with anti-PD-1 and PD-L1 monoclonal antibodies as 
immune checkpoint blockades have shown unprecedented 
durable responses in some patients with a variety of cancers. 
However, only a minority of the total treated patients 
benefit from the current checkpoint blockade therapy. In 
other words, resistance to immune checkpoint antibody 
blockades is commonly observed in most cancer patients (6). 
There is a great need to better predict the clinical outcome 
and to overcome the resistance. To optimize the checkpoint 
blockage therapy, Sznol and Chen have identified several 
key challenges (7), including the development of more 
accurate predictive biomarkers of response and rational 
combinations of therapy. 

To better predict the clinical outcome for cancer 
patients, Prat and colleagues recently reported in the July 1, 
2017 issue of Cancer Research (8) that PD-1 gene expression 
along with 12 gene signatures tracking CD4 and CD8 T 

cell activation, and NK cells and interferon (IFN) activation 
was significantly associated with better clinical outcome 
(referring as non-progression disease and progression-
free survival) after anti-PD-1 antibody therapy with 
pembrolizumab or nivolumab (both are monoclonal IgG4 
antibodies against PD-1) in 65 patients with melanoma, 
lung non-squamous, squamous cell lung or head and neck 
cancers.

This  interest ing f inding has several  important 
implications for immune checkpoint blockade therapy. 
Firstly, the results suggest that patients with pre-existing 
infiltration of CD4 and CD8 T cells and NK cells will 
better benefit anti-PD-1 therapy. As the authors discussed, 
the method developed in their study could be potentially 
used as a genomic tool, in addition to the protein biomarker 
assays for PD-L1 (and PD-1) expression in patients’ tumors 
by immunohistochemistry (IHC), for evaluating immune-
related gene expression profiles to select patients who are 
more likely to benefit from anti-PD-L1 and PD-1 blockade 
therapy. The authors also discussed similar findings in 
two additional recent studies evaluating the association of 
immune-related gene expression in patients with advanced 
melanoma (Ayers et al., Abstract presented at 30th Annual 
Meeting of SITC 2015) and NSCLC (n=224) (9) with anti-
PD-L1 or PD-1. A research article in 2017 J Clin Invest by 
Ayers and colleagues (10) reported that the T cell-inflamed 
gene expression profile contained IFN-gamma-responsive 
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genes related to antigen presentation, chemokine expression, 
cytotoxic activity and adaptive immune resistance. However, 
these gene expression features were necessary, but not 
always sufficient, for [predicting] clinical benefit (10).  
Secondly, the immune gene signatures identified in these 
studies as being associated with anti-PD-1 or PD-L1 
therapy response or survival are part of the genes previously 
identified as the immunological constant of rejection (ICR)-
related genes, such as CXCR3, CCR5 ligand genes and 
IFN-gamma signaling genes. As the authors emphasized, 
these ICR-related genes are also associated with increased 
survival across cancer types and responsiveness to other 
cancer immunotherapy approaches, including anti-CTLA4, 
adoptive therapy/IL2 and vaccination (8). Thirdly, the 
findings also suggest that any combination therapy that can 
increase infiltration of CD4 and CD8 T cells and/or NK 
cells in tumor microenvironment may enhance the efficacy 
of immune checkpoint blockage therapy.

Similar observations were made previously and 
independently by Tumeh and colleagues (11). Tumeh et al. 
analyzed tumor samples from 46 patients with metastatic 
melanoma obtained before and during anti-PD-1 therapy 
(pembrolizumab) using quantitative IHC, quantitative 
multiplex immunofluorescence, and next- generation 
sequencing for T-cell antigen receptors. They reported that 
pre-treatment samples obtained from responding patients 
showed higher numbers of CD8-, PD-1- and PD-L1-
expressing cells at the invasive tumor margin and inside 
tumors, suggesting that the presence of tumor-infiltrating 
lymphocytes is an important biomarker for predicting 
responses to PD-L1 blockade therapy (11). 

To increase infiltration of immune cells in tumor 
microenvironment, one potential strategy is to use vaccines, 
cytokines and other existing or new immune therapy that 
could augment localized or systemic immunity. For example, 
one recent approach reported by Tang et al. (6) was to target 
cancer cells with tumor necrosis factor (TNF) superfamily 
member LIGHT, a protein ligand that can bind to two 
different receptors, herpes virus entry mediator (HVEM, 
also known as tumor necrosis factor receptor superfamily 
member 14, TNFRSF14), and lymphotoxin beta receptor 
(LTβR). Targeting LIGHT on cancer cells could overcome 
tumor resistance to PD-L1 blockade through activating 
LTβR signaling and recruiting T cell infiltration in tumor 
microenvironment (6). 

Another potential strategy to increase infiltration of T 
and NK cells in tumor microenvironment is to directly 
infuse chimeric antigen receptor-T and NK cells or ex vivo 

expanded NK cells. Chimeric antigen receptors (CARs) 
are membrane-bound synthetic receptors on T and NK 
(CAR-T and NK) cells to target cancer cell-surface antigens 
and augment T and NK function. CAR-T and NK cell 
therapy has been evaluated in hematological malignancies 
in clinical trials and in approved clinical applications (12) 
and is also being translated into solid cancers (13). This 
strategy will not only provide systemic immunity that is 
required for effective cancer immunotherapy (14), but 
may also increase local infiltration of T and NK cells in 
tumor microenvironment. In line with this idea, a recent 
review summarized the most recent clinical results on the 
use of checkpoint inhibitors and CAR-T cells in multiple 
myeloma (15). As such, multiple myeloma could be an 
appropriate candidate to test the idea of the combination 
therapy of checkpoint blockades with CAR-T therapy to 
increase infiltration of T cells in tumor microenvironment 
to overcome the resistance and thus to optimize the efficacy 
of immune checkpoint blockade therapy. To increase local 
infiltration of CAR-T and NK cells, we hypothesize that 
CAR-T or NK cells can be delivered locally or regionally, 
such as intracranial delivery for brain cancer and intra-
hepatica infusion for hepatocellular carcinoma and liver 
metastases from primary colorectal cancer (16). Cell 
therapy, including ex vivo expanded and activated NK cells, 
is being evaluated in clinical trials for hematological cancers 
as well as for solid cancers (17). To increase homing of the 
systemically infused NK cells to tumor microenvironment, 
Kremer and colleagues very recently reported (18) that 
genetic engineering of human NK cells to express a 
chemokine receptor CXCR2 improved migration to renal 
cell carcinoma that expresses the ligand for CXCR2.

As discussed above, there is a great need to develop 
additional methods and tools, in addition to IHC staining 
for expression of PD-1 and PD-L1, to predict biomarkers of 
response to checkpoint blockade therapy, such as genomic 
tools reported by Prat et al. (8) and Tumeh et al. (11) because 
clinical trials have already shown that only a minority of 
patients benefited from the current checkpoint blockades. 
What can we offer for the majority of patients if their 
tumors are negative for expression of these checkpoint 
molecules, or are too few or lack of infiltration of CD4, 
CD8 T cells and NK cells, or even are positive for the 
expression of checkpoint molecules but are still resistant to 
current blockade therapy? In fact, immune impairment is 
commonly observed in cancer patients, such as impairment 
of T cells (19) and NK cells (20). To achieve an optimal 
clinical outcome for cancer patients, we believe that 
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the future of immune checkpoint blockade therapy, or 
in general, cancer immunotherapy, should be towards 
personalized combination therapy with existing approaches, 
such as: therapeutic antibodies, antibody-drug conjugates, 
immune checkpoint blockades, CAR-T and NK cells, DCs, 
vaccines, oncolytic viruses, cytokines and/or depletion of 
immune suppressor cells like myeloid-derived suppressor 
cells (MDSC), regulatory T cells (Treg), tumor-associated 
macrophages (TAM), etc. or with not-yet-discovered 
newer and better immunotherapies. The combination 
immunotherapy can target different molecules on some or 
all major tumor compartments, including but not limited 
to the cancer cells, tumor neovasculature, cancer stem 
cells, MDSC, Treg and TAM, or ideally, target the same 
molecule that is commonly expressed by these major tumor 
compartments. In this regard, we believe that tissue factor 
(also known as coagulation factor III or CD142) is one of 
few such promising and common target molecules as it 
is commonly yet selectively expressed on many types of 
solid cancer cells as well as leukemic cells (21,22), tumor 
angiogenic vascular endothelial cells in vitro (23) and in vivo 
(22,24-26) and cancer stem cells (27).
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