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phocytes (CTL), T helper-1 lymphocytes (Th1), mature 
dendritic cells (DCS) which activate the inflammatory 
macrophages (IM), and natural killer cells (NK) [6].

The immune response, be it against either tumor 
cells or infected cells, can damage healthy tissue if it 
is not controlled. To protect against this, the immune 
system has multiple mechanisms to down-regulate 
the immune response, known collectively as immuno-
logical control pathways. Under an immune suppres-
sor situation, tumors use at least three mechanisms 
to modulate the immune system and avoid detection 
by immune effector cells: Secretion of soluble immune 
suppressor factors (e.g., IL-10, TGF-β, VEGF, etc); inter-
ference with the Class I MHC and peptide presentation 
(via down-regulation of the expression of class I MHC, 
or the disablement of antigen degradation, or insertion 
of antigens in the class I MHC); and contact-dependent 
factors (expression of checkpoint ligands of the im-
mune system, such as the programmed cell death pro-
tein 1 PD-1). All this gives rise to the appearance of T 
helper cells with the Th2 phenotype, macrophages with 
the M2 phenotype and regulators LT [6]. Additionally, 
chronic antigen expression, as occurs in chronic viral 
infection and cancer, can lead to persistently high ex-
pression levels of PD1, which induces a state of exhaus-
tion or anergy in the antigen-specific T cells. Increased 
expression of PD1 in intratumor CD8+ cells is correlated 
with this state of anergy or exhaustion [7,8].

Short Review

Check for
updates

Cancer is one of the leading causes of death. Most 
patients are diagnosed during the late stages of the dis-
ease in several tumors. Unfortunately, current treatment 
options are limited. Habitually, patients receive first- or 
second-line chemotherapy and a few patients (5-7%) are 
candidates for treatment with target agents, that even-
tually go on to develop resistance to these agents [1]. 
This explains why the continued search for new thera-
peutic options is imperative in advanced cancer.

The interaction between the host immune system 
and cancer has become more evident in recent de-
cades. Mutations have been identified in tumor cells 
that encode for antigenic peptides present in certain 
tumor variants. This indicates that immune vigilance 
of genome integrity in mammals is a reality [2]. Lym-
phocyte infiltration has been observed in human tu-
mors, and these cells can be reactivated in vitro to de-
stroy cultured tumor cells [3]. This is because patients 
with cancer can produce T lymphocytes that recognize 
specific tumor antigens. An important fraction of tu-
mor-specific antigen peptides are produced by genet-
ic anomalies, such as intronic transcription, non-sense 
transcription, or post-translation [4]. The generation of 
some tumor-specific antigens depends on the type of 
transcriptome and proteasome present in the tumor 
cell [5]. An efficient antitumor activity by the immune 
system requires adequate functionality and coordina-
tion of its effector cells, as are: Cytotoxic CD8 T lym-
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ations in tumor cells. With the technological advances 
in next generation sequencing (NGS), including whole 
genome sequencing, whole transcriptome sequencing, 
whole exome sequencing, and targeted sequencing and 
bioinformatics, our understanding of cancer has dra-
matically expanded. The genetic and immunologic lines 
of inquiry are now converging to provide definitive evi-
dence that human cancers are vastly different from nor-
mal tissues at the genetic level, and that some of these 
differences are recognized by the immune system [17].

Tumors develop tens to thousands of coding muta-
tions during the process of tumorigenesis and tumor 
progression. A small proportion of mutations affect the 
extracellular domains of cell surface. However, to be 
recognized by T cells, mutations need to be processed 
and presented on MHCI or MHCII, giving rise to so-called 
“neoantigens” [3]. Most human melanomas have a mu-
tational load above 10 somatic mutations per megabase 
(Mb) of coding DNA, and this is probably sufficient to 
lead to the formation of neoantigens that can be seen 
by T cells. This data is expected to be common for other 
tumors with a mutational load above 10 somatic mu-
tations per Mb (corresponding to approximately 150 
non-synonymous mutations within expressed genes), 
like NSCLC, stomach, esophagus, SCLC, urothelial, col-
orectal with microsatellite instability and uterine carci-
noma. Many tumors with a mutational load of 1 to 10 
per Mb may still be expected to carry neoantigens [18].

Neoantigens can arise when mutations affect either 
TCR contact residues or anchor residues in peptide epi-
topes with affinity for MHC I or II. Even a single amino 
acid substitution can yield an epitope that is sufficient-
ly different from self to mark tumor cells for T cell me-
diated destruction [19]. Whole-exome sequencing of 
NSCLCs treated with pembrolizumab has shown that 
higher nonsynonymous mutation burdens in tumors 
were associated with improved objective responses, 
durable clinical benefit, and improved PFS. Efficacy also 
correlates with smoking-induced molecular signatures, 
higher neoantigen burden due to mutations and DNA re-
pair pathway mutations [20]. Significantly, in colorectal 
cancer (CRC), observations that somatic mutations due 
to mismatch-repair (MMR) defects have the potential to 
encode “non-self” immunogenic antigens suggest that 
they may be more susceptible to immune checkpoint 
blockade with pembrolizumab. The MMR-proficient pa-
tients was associated with an absence of TIL and rela-
tively low levels of PD-L1 expression, but abundant infil-
trating cells in the MMR-deficient patients. Thus, MMR 
deficiency could be a predictive marker of responses to 
PD-1 blockade. However, only 4-5% of all tumors seem 
to manifest MMR deficiency [21].

The very vastness of genetic changes in cancers 
now raises different question. Which of the many can-
cer-specific genetic (genomic) changes are actually rec-
ognized by the immune system, and why? New obser-

The presence of specific antigens for different types 
of tumors explains the three focuses of immunothera-
py in cancer, currently under development: Adoptive 
transfer of antitumor T cells, vaccination, and the use 
of T-cell stimulating antibodies. The basis of this latter 
option type of therapy consists of the capacity of T cells 
to eliminate tumor cells by recognition of aberrant pro-
teins belonging to the cancer cells, and the coordination 
of an immune response against them [9].

Several immunotherapies have yielded impressive 
results in the clinic. Recently, the immune modulatory 
antibodies ipilimumab and pembrolizumab received 
FDA approval for treatment of metastatic melano-
ma [10,11], and nivolumab received FDA approval for 
melanoma and non-small cell lung carcinoma (NSCLC) 
[12,13]. The development of pembrolizumab from the 
first-in-humans study to FDA approval for the treatment 
of patients with metastatic melanoma with disease pro-
gression following ipilimumab or BRAF inhibitor in BRAF 
mutation, has occurred in a record 3.6 years. Approv-
al is likely to be extended to include other melanoma 
populations and other tumor types like NSCLC, head 
and neck, urotelial, stomach, hodgkin lymphoma and 
triple-negative breast cancer [14].

No efficient biomarkers have yet been found to indi-
vidualize this type of therapy in patients with NSCLC or 
any other type of cancer. Most biomarker investigations 
for PD-1/PD-L1 agents have focused on the tumor mi-
croenvironment and, specifically, immune-histochem-
ical expression of one of the ligands for PD-1, PD-L1. 
Across all studies in multiple tumor types, it seems that 
patients whose tumors express PD-L1, as detected by 
immune-histochemical assays, have numerically higher 
response rates to PD-1/PD-L1 blockade than patients 
who do not express PD-L1. In KEYNOTE-001 trial of pem-
brolizumab in NSCLC, a cutoff of ≥ 50% PD-L1 positivity 
in tumor cells was determined as optimal and patients 
with a score of ≥ 50% staining (n = 73) had a response 
of 45.2% (95% CI: 33.5-57.3); vs. patients with a score 
of 1-49% staining (ORR 15.6% [95% CI: 8.3-25.6]) and ≤ 
1% staining (ORR 9.1% [95% CI: 1.1-29.2]). Median PFS 
in the ≥ 50% PD-L1-positive group was 6.3 months (95% 
CI: 2.9-12.5), and median OS was not reached [15]. Nev-
ertheless, patients who do not express PD-L1 can still 
have responses to PD-1 blockade and should be consid-
ered eligible for PD-1-blocking approaches. It remains 
unclear whether differential expression levels of PD-L1 
among various tumor types account for the somewhat 
different response rates observed. Yet, the explanation 
for the varying response rates to PD-1 blockade among 
different tumor types is likely more complex. PD-L1 is in-
ducible and can be upregulated in response to infiltrat-
ing immune cells and, possibly, genetic changes within 
the tumor [16].

In addition, the determinants of response to PD-1 
blockade appear to be shaped by the genomic alter-
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inhibited in cancer cell lines using nonnucleoside inhib-
itors [23] and RNA interference (RNAi) methodology to 
down-regulate the expression of full-length RT-encod-
ing LINE-1 elements [25]. RT inhibition affects the can-
cer transcriptome globally and may reduce proliferation 
of cancer cells and restores their “normal” phenotypes.

Liquid biopsy (analysis of tumor DNA in peripheral 
blood and CTC), has substantial advantages over solid 
biopsy, not only for the low amount of biopsy materi-
al, but also the feasibility and can be performed at any 
time during tumor progression with a simple blood test. 
With liquid biopsy, we have the opportunity to study 
cancer at every moment of its natural history [26]. With 
Cell Search system followed by search of fluorescence 
activated cell sorting (FACS) cells, it has been sequenced 
in DNA of a single CTC and successfully amplifies its ge-
nome [27]. This approach can be reliable when genetic 
variations are consistently present in several collections 
of CTC from the same sample, allowing the identification 
of trunk-mutations. Advances in sequencing systematic 
studies of CTC have tremendous potential to improve 
our understanding of the heterogeneity of the evolution 
of the disease [28].

Probably, it would be useful investigate patients di-
agnosed with advanced cancer types with high probabil-
ity of having a high mutational burden, including NSCLC, 
stomach, esophagus, SCLC, urothelial, colorectal with 
microsatellite instability and uterine carcinoma to be 
treated with anti-PD1/PD-L1 therapy. Before treatment, 
it will be necessary to performer a fresh biopsy and pe-
ripheral blood determination for CTC, analyzing exome 
and transcriptome in both samples and establish a more 
sensitive predictive model of response to anti-PD1/
PDL1 therapy, respect to PD-L1 analysis by immuno-
histochemistry. This model will be based on the asso-
ciation of the mutational burden, measured by exome 
and retrotransposition activity analyzed through tran-
scriptome. In addition, correlate these results between 
solid and liquid biopsy, analyzing exome and transcrip-
tome in CTC would be useful. Furthermore, at the time 
of progression to anti-PD1/PD-L1 therapy, a new solid 
and liquid biopsy will be performed to correlate resis-
tance immunotherapy, with probably increasing retro-
transposonic status and if positive correlation, would be 
justified studies with the combination of both types of 
therapies.
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