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Abstract: The efficiency of immunotherapy using monoclonal antibodies that inhibit immune
checkpoints has been proven in many clinical studies and well documented by numerous registra-
tion approaches. To date, PD-L1 expression on tumor and immune cells, tumor mutation burden
(TMB), and microsatellite instability (MSI) are the only validated predictive factors used for the
qualification of cancer patients for immunotherapy. However, they are not the ideal predictive
factors. No response to immunotherapy could be observed in patients with high PD-L1 expres-
sion, TMB, or MSI. On the other hand, the effectiveness of this treatment method also may occur
in patients without PD-L1 expression or with low TMB and with microsatellite stability. When
considering the best predictive factor, we should remember that the effectiveness of immunother-
apy relies on an overly complex process depending on many factors. To specifically stimulate
lymphocytes, not only should their activity in the tumor microenvironment be unlocked, but
above all, they should recognize tumor antigens. The proper functioning of the anticancer im-
mune system requires the proper interaction of many elements of the specific and non-specific
responses. For these reasons, a multi-parameter analysis of the immune system at its different
activity levels is considered a very future-oriented predictive marker. Such complex immunologi-
cal analysis is performed using modern molecular biology techniques. Based on the gene expres-
sion studies, we can determine the content of individual immune cells within the tumor, its stro-
ma, and beyond. This includes all cell types from active memory cytotoxic T cells, M1 macrophag-
es, to exhausted T cells, regulatory T cells, and M2 macrophages. In this article, we summarize the
possibilities of using an immune system analysis to predict immunotherapy efficacy in cancer
patients. Moreover, we present the advantages and disadvantages of immunoprofiling as well as a
proposed future direction for this new method of immune system analysis in cancer patients who
receive immunotherapy.
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1. Introduction

An effective immune response is a particularly complex interaction between the cel-
lular elements of the immune system and the cytokines released by them [1]. We must
remember that these proper interactions are extremely important, lying at the heart of
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our anticancer defenses. In short, the successful anti-tumor response involves two
branches of the immune system: non-specific cells, which are intended to recognize the
tumor cell antigen, phagocytose it, and present it to cytotoxic T lymphocytes (CTLs) in
peripheral lymph nodes [1-3]. From that point, the specific anti-tumor response begins
to develop, which should be guaranteed by properly mobilized T cells. Activated T cells
should infiltrate the neoplastic tissue and recognize the neoplastic antigens. At the site of
its recognition, the intracellular cytotoxic proteins are released from CTLs and, together
with non-specific mechanisms provided by macrophages or NK cells, the cancer cells
can2 be ultimately eliminated. The intercommunications between the cancer microenvi-
ronment and the immune system constitute an undoubtedly heterogeneous and dynam-
ic process, influencing the course of the disease [1,4,5].

Nowadays, it is very well established that immunotherapy with immunological
checkpoint inhibitors (ICIs) has revolutionized cancer treatment, especially for patients
without actionable driver mutations [6,7]. Three groups of ICIs are widely used in dif-
ferent cancer treatments. The first group consists of anti-PD-1 (Programmed Death 1) an-
tibodies, which include pembrolizumab and nivolumab, and block the programmed
death 1 receptor on the lymphocyte surface, resulting in the increased activity of these
cells. The second group of ICIs is anti-PD-L1 antibodies, including atezolizumab, dur-
valumab, and avelumab, which block the ligand for PD-1-PD-L1-on tumor cells and on
tumor-infiltrating immune cells [6-8]. The third group is anti-CTLA-4 (Cytotoxic T
Lymphocyte Antigen 4) antibodies, mainly ipilimumab, which blocks the interaction be-
tween CTLA-4 on lymphocytes and B7-1 or B7-2 on antigen-presenting cells (APCs), re-
storing the main lymphocyte stimulating signal from CD28 [6-8].

In many clinical trials, it has been clearly indicated that PD-L1 protein expression is
an important factor for stratifying patients to receive ICIs and to reach clinical efficacy
[9,10]. However, it should also be noted that the expression of the PD-L1 molecule is not
an ideal marker, and among the many disadvantages associated with its technical stain-
ing, the most important seems to be a heterogeneous expression of this molecule
through the tumor, its variability between primary and metastatic sites, and its depend-
ence on the history of treatment (chemotherapy and radiotherapy could change PD-L1
expression on tumor cells) [11-14]. We should also mention at this point the tumor mu-
tational burden (TMB), the predictive factor associated with much hope as a potentially
important biomarker in qualification for ICIs therapy [15,16]. The high number of somat-
ic mutations detected in cancer tissue causes an increased number of neoantigens, which
translates into increased immunogenicity of tumors. It would seem that TMB could
serve as a link between both genetic information regarding the presence of abnormal
genes in cancer tissue and the activation of the immune system caused by these abnor-
malities [15-17]. However, ultimately, this factor did fulfill all aspirations associated
with it. Indeed, a CheckMate-568 study, where the effectiveness of combination therapy
(nivolumab and ipilimumab) in untreated advanced NSCLC patients was examined,
demonstrated that there was no evidence of increased immunotherapy efficacy in pa-
tients with very high TMB (=15 mut per Mb) compared to patients with high TMB (=10
mut per Mb) [18].

An important group of predictors could be the markers determined in peripheral
blood, which is a relatively available material [19]. The most investigated serum soluble
biomarker is blood tumor mutational burden (bTMB), estimated by commercial plat-
forms (e.g., the FoundationOne CDx assay) in cell-free DNA (not in peripheral blood cir-
culating cancer cells) [19]. The conventional signs of inflammation tested in peripheral
blood, such as LDH, C-reactive protein (CRP), or IL-6 concentration, could be considered
as reliable biomarkers of ICIs effectiveness. However, the current data indicate only ret-
rospective analysis of inflammatory-associated factors in cancer-bearing patients who
received immunotherapy. Moreover, the neutrophil-to-lymphocyte ratio (NLR), which
could be calculated easily from a complete blood testing report, or the systemic immune-
inflammation index (SII), which combines NLR and platelet-to-lymphocyte ratio (PLR),
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may be the markers of early progression in IClIs therapy. It was demonstrated that NLR
could distinguish between non-responders and responders to nivolumab therapy at an
early stage of treatment [20-22].

Undoubtedly, after proper qualification of patients for immunotherapy based on
registration rules, the proper activity of the host immune system is of great importance
to obtain clinical benefits from this therapy [22]. To specifically stimulate lymphocytes,
not only should their activity in the tumor microenvironment be unlocked, but above all,
they should recognize tumor antigens. The proper functioning of the anticancer immune
system requires the appropriate interaction of many elements of the specific and non-
specific responses. Consequently, the pre-existing immunity in the tumor site deter-
mines the survival of immunized patients and the chances of responding to immuno-
therapy [23-25]. Therefore, we should consider whether immunological profile analysis
in cancer tissue may be a reliable biomarker in the prospective qualification for immuno-

therapy.

2. Quantity or Quality of Tumor Infiltration as an Independent Prognostic Factor in
Cancer Patients

The infiltration of immune system cells into neoplastic tissue has been investigated
for many decades [22-25]. The first studies to assess the state of the immune system
were conducted in melanoma, colorectal cancer, head and neck cancer, or breast cancer
[26,27]. These studies documented a positive correlation between the density of immune
system cell infiltration into neoplastic tissue and the prognosis of cancer patients. Usual-
ly, the intensity of neoplastic tissue infiltration positively correlated with the clinical
prognosis [28-30]. The best example of this phenomenon was observed for patients with
melanoma. High intratumoral numbers of CD3-positive, CD4-positive, and CDS8-
positive lymphocytes as well as high expression of the receptor for interleukin 2 (CD25)
on these cells were related to a favorable outcome for melanoma patients [23,31]. How-
ever, for renal cell and prostate carcinoma, strong T cell infiltrates were associated with
worse outcome, which was probably caused by the absence of tumor-specific T cells in
the tumor microenvironment [32,33]. It is also possible that these cells are functionally
suppressed in the tumor microenvironment (e.g., mutations in JAK1 and JAK2 genes in
tumor cells can lead to inappropriate antigen presentation). In addition, these lympho-
cytes could express other negative immune checkpoints, e.g., LAG-3 (Lymphocyte Acti-
vation Gene-3) or TIM3 (T Cell Immunoglobulin 3) on their surface or be extinguished
by the interaction with myeloid-derived suppressor cells [32-34].

A similar situation was observed for lung cancer patients. In many studies, the
presence of tumor infiltrated lymphocytes (TIL) has been defined as a favorable prog-
nostic factor [35-38]. However, a detailed analysis of the immunophenotype of lympho-
cytes infiltrating the lung adenocarcinoma tissue in stage I showed that a high density of
FoxP3 (Forkhead Box P3)-positive lymphocytes and high stromal FoxP3* cells/CD3* cells
ratio was a strong predictor of recurrence [38]. Moreover, a high expression of IL-7R on
tumor cells was considered as a significant (p = 0.001) marker for poor overall survival,
while a high expression of tumor interleukin 12 receptor 2 was associated with a better
outcome (five-year recurrence-free probability; p = 0.026) for patients with stages IA and
IB [38]. The authors suggested that, based on the biology of the tumor immune microen-
vironment, patients could be stratified for immunotherapeutic intervention [38]. In ad-
vanced adenocarcinoma patients who received chemotherapy, Kawai et al. performed
immunohistochemical analysis of CD68* macrophages, c-Kit* mast cells, and CD8* lym-
phocyte infiltration in cancer stroma and nests [39]. Patients with more tumor-
infiltrating macrophages as well as lymphocytes detected in cancer nests showed signifi-
cantly better survival than patients with cancer stroma predominant infiltration. How-
ever, no significant correlation was found between the number of immune cells in either
cancer nests or stroma and chemotherapy response. On the contrary, very interesting re-
search was presented by Kinoshita et al. showing that CD8-positive T cells in the tumor
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microenvironment of non-smoking lung cancer patients were defined as a poor prognos-
tic factor. These cells were less activated, had an immunodysfunctional phenotype and
expressed the high level of various immunoregulation genes. In contrary, high infiltra-
tion of activated CD8-positive T cells expressing interferon gamma and granzyme B was
correlated with postoperative survival in those patients [36].

It was clearly shown that the information regarding immune system status in tumor
tissue may be of fundamental importance in predicting the prognosis of lung cancer pa-
tients [40—-42]. However, all these considerations obviously indicate that the information
about the absolute number of T cells is not enough to assess the patient’s prognosis, but
the information about the functioning of T lymphocytes and the presence of other im-
mune system cells in the cancer tissue is necessary. A summary of the immune markers
associated with the prognosis of lung cancer patients along with the prediction of re-
sponse to immunotherapy are presented in Figure 1. To summarize, it is not only the
presence of the immune system in tumor tissues (quantity), but also the kind of immune
cell infiltration (quality) that is of great importance for the cancer prognosis and the clin-
ical benefits from immunotherapy.
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Figure 1. The summary of the immune markers associated with the prognosis and with
the prediction of response to immunotherapy of lung cancer patients.

3. Three Different Inmunoprofiles of Tumor Tissue

It has been indicated, using data regarding ICIs effectiveness in various malignan-
cies, that tumors have three distinct immunoprofiles based on their immune system ac-
tivation: (1) “hot” tumors, which are strongly infiltrated with T lymphocytes and with
activation of different inflammatory signals; (2) “cold” tumors, which are scanted of any
immune cells infiltration nor inflammatory signs; (3) tumor with immune exclusion,
where immune cells are at the periphery or within the stromal tissue [43-45].

The “hot” tumors, also described as highly inflammatory tumors, are thus defined
by the presence of strong inflammation signals within the tissue, both in the form of in-
flammatory cell infiltration and high levels of pro-inflammatory cytokines (Figure 1).
The tumor cells in “hot” tissue have undergone many mutations that create neoantigens,
which should be recognized by the immune cells [45,46]. However, despite the fact that
the neoplastic tissues are very intensively infiltrated by the immune system cells of spe-
cific and non-specific responses, the immune response in this type of tumor is extremely
ineffective.
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Firstly, the high percentages of cytotoxic T lymphocytes are widely described.
However, they are functionally inactive [44-46]. In a mouse tumor model, at least four
subpopulations of tumor-infiltrating T cytotoxic lymphocytes were labeled: (a) T lym-
phocytes with a functionally depleted cell phenotype with a very high expression of
negative immune checkpoint molecules such as PD-1, LAG-3, TIM3; (b) terminally dif-
ferentiated T lymphocytes with an activated phenotype with intermediate expression of
PD-1, LAG-3, and TIM3; (c) T lymphocytes at an early stage of differentiation with a low
expression of PD-1 molecule, an intermediate expression of intracellular transcription
factor T-bet which affects their differentiation into T-helper type 1 (Th1) cells, and with
an intermediate expression of proteins inhibiting apoptosis (e.g., Bcl-2); (d) apoptosis-
resistant migratory T lymphocytes with high expression of intracellular Bcl-2 protein,
with high expression of cell adhesion molecule (L-selectin, CD62L), and with a lack of
any inhibitory checkpoint molecules [47,48]. Moreover, regulatory T lymphocytes (Treg)
with a high expression of the intracellular transcription factor FoxP3 and with a strong
ability to secrete TGF-{3 (transforming growth factor beta) are also observed [47-49]. In
relation to the cells involved in the development of the non-specific immune response,
“hot” tumors are also strongly infiltrated by tumor-associated macrophages (TAMs), es-
pecially type 2 macrophages, which exhibit pro-tumor attributes [50,51]. M2 macro-
phages secrete IL-10, TGF-B, and other anti-inflammatory cytokines, which have the
immunosuppressive function of reducing inflammation and contributing to tumor
growth. The ability of TAMs to lyse tumor cells and to present tumor-associated anti-
gens is decreased, causing a reduction of stimulation of the anti-tumor functions of T
and NK cells [50-52]. In particular, lymphocytes lose their ability to produce interferon-
gamma (INF-y)-a cytokine with an important significance in the tumor microenviron-
ment influencing the PD-L1 expression on tumor cells [53,54]. Patients with “hot” tu-
mors are ideal candidates for ICI therapy due to the presence of T cell infiltrates at the
tumor tissue and the usually high expression of PD-1 on lymphocytes and PD-L1 on tu-
mor or immune cells (Figure 2).

The “cold” tumors, also described as non-inflamed tumors, are thus defined by the
absence of any inflammation signals within the tissue [43]. This type of cancer is not in-
filtrated by any immune system cellular elements, furthermore, high concentrations of
pro-inflammatory cytokines and products of tumor tissue metabolites, e.g., NO (nitric
oxide), IDO (Indoleamine 2,3-Dioxygenase), and arginase are not observed in the micro-
environment. Moreover, neither high mutational burden nor the presence of neoanti-
gens are observed in a “cold” tumor, and it is postulated that cold tumors are more like-
ly to bear a single driver mutation [43]. Patients with the driver mutation and a “cold”
tumor respond better to molecularly targeted therapies than to immunotherapy. Some
authors describe that the microenvironment surrounding “cold” tumors could contain
some myeloid-derived suppressor cells (MDSC) and Treg cells, which are known to
dampen the immune response and inhibit T cells trying to move into the tumor [52,55].
MDSC and regulatory T cells inhibit the maturation of dendritic cells in the tumor and,
together with a low amount of adhesion molecules (CD34, E-selectin, vascular cell adhe-
sion molecule (VCAM), and intercellular adhesion molecule (ICAM)), stimulate blood
vessel formation and reduce cell adhesion as well as the promotion of metastasis
[43,52,55]. However, the presence of even a small infiltration of neoplastic tissue by the
immune system cells prompts us to define this type of tissue as a tumor with immune ex-
clusion (Figure 3).
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Figure 2. A case illustration of lung adenocarcinoma tissue with strong infiltration of CD8-positive
lymphocytes and high expression of PD-L1 on tumor cells: (A). hematoxylin/eosine staining; (B).
PD-L1 expression; (C). CD8 expression. Immunohistochemical Scheme 56. Immune-excluded tu-
mors refer to tumors with a strong immune suppressed tumor microenvironment (TME) repre-
sented by T cells clearly embedded in the tumor periphery with high TGF-beta signaling, myeloid
inflammation, and angiogenesis [56,57]. Pai et al. proposed different mechanisms probably re-
sponsible for immune exclusion. Firstly, there are mechanical barriers which prevent direct contact
between T cells and cancer cells [56]. The predominant role appears to be played by excessive ac-
tivity of VEGF produced by the tumor cells and signaling pathways activated by VEGF [56-58].
Secondly, functional barriers that consist of biological and metabolic interactions between cancer
cells, stromal, and immune cells may exist [56]. Mutations in the genes which encode molecules in
the signaling pathways of tumor cells are probably responsible for a very strong suppression of
the immune cells’ influx into the neoplastic tissue [59,60]. Molecular abnormalities include incor-
rect activation of Wnt/B-catenin signaling pathways, which inhibits the tumor tissue infiltration
with CD103-positive dendritic cells as well as causing loss of PTEN pathways’ activating elements,
which further inhibits cytotoxic T cells invasion [56,59-61]. In this type of tumor, cancer cell anti-
gens have been recognized, the specific immune response has been induced, but the extremely
strong immunosuppressive tumor microenvironment (high concentration of tumor tissue metabo-
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lites: NO, IDO, and arginase) does not allow the immune cells to penetrate the neoplasm (Figure
4). ICI therapy is usually ineffective in patients with tumors with immune system exclusion.
Therefore, there are reasons to combine ICIs with other methods of immunotherapy in patients
with this type of tumor.

Figure 3. A case illustration of lung adenocarcinoma tissue without CD8+ lymphocyte
infiltration and lack of PD-L1 expression on the tumor cells: (A). hematoxylin/eosine
staining; (B). PD-L1 expression; (C). CD8 expression. Immunohistochemical staining was
performed on authors” own materials.
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Figure 4. A case illustration of lung adenocarcinoma tissue in which the cells of the im-
mune system marginally infiltrate the neoplastic tissue without PD-L1 expression: (A).
hematoxylin/eosine staining; (B). PD-L1 expression; (C). CD8 expression. Immunohisto-
chemical staining was performed on authors’ own materials.

Based on immune system status analysis in the three types of tumors described
above, it seems obvious that each of them requires a distinct therapeutic approach. Un-
fortunately, in lung cancer patients, the analysis of the immune system in cancerous tis-
sue has never been used as a predictive factor for qualification to ICI therapy in prospec-
tive clinical trials. These studies were performed only in retrospective analysis.

4. Immunoscoring of Lung Tumor Tissue as a Predictive Factor for Qualification to
ICIs Therapy

The better efficacy of immunotherapy in patients with “inflamed” tumors than in
patients with “non-inflamed” tumors seems to be well documented in the literature
[40,44,62,63]. The results obtained in melanoma patients treated with immunological
checkpoint inhibitors indicated that tumor regression after PD-1 blockade requires tu-



Int. ]. Mol. Sci. 2021, 22, 9133

9of14

mor infiltration by CD8-positive cells. Higher numbers of CD8-positive and PD-1-
positive cells at the invasive tumor margin and inside the tumor were found in pre-
treatment tumor samples in those patients who had responded to pembrolizumab ther-
apy [62,63].

In prospective trials regarding lung cancer patients treated with immunotherapy,
immunophenotyping of tumor tissue has never been used as an ICI predictor. One of the
few retrospective trials where the activity of the immune system was assessed in tumor
tissue was the POPLAR study [64,65]. In this clinical trial, the efficacy of atezolizumab
was compared with docetaxel in the second-line treatment of locally advanced or meta-
static NSCLC patients. The immune gene signature profiles, mainly those associated
with immune cell activation (e.g., INF-y signaling, immune cytolytic activity) were test-
ed by next-generation sequencing (NGS) in tumor tissue and the results were correlated
with the immunotherapy outcome. The higher expression of genes associated with T-
effector activation (CD8A, GZMA, GZMB, IFN-y, EOMES, CXCL9, CXCL10, and TBX21)
was significantly associated with clinical benefits in patients receiving anti-PD-L1 im-
munotherapy, and the pre-existing primed immune response was observed in those tis-
sue samples [64,65]. It seems that “hot” tumors, which are associated with denser PD-1-
positive T lymphocyte infiltration and with high gene expression for pro-inflammatory
factors, are more sensitive to anti-PD-1 or anti-PD-L1 blockade when used as monother-
apy.

Modern genetic techniques, such as next-generation sequencing, are widely used
for searching for driver mutations in many genes. Based on the results of these examina-
tions, patients could be qualified into selected targeted therapy or into original clinical
trials with innovative therapies yet unregistered [66]. However, it is extremely rare that
next-generation sequencing is carried out to obtain information about the immune sys-
tem status in the neoplastic tissue.

One of the most important trials regarding the correlation between immunotherapy
efficacy and the immune landscape in lung cancer tissue was presented by Hwang et al.
[66,67]. A panel of 395 immune-related genes was tested in pretreatment tumor samples
using an Oncomine Immune Response Research Assay. Advanced non-small cell lung
cancer patients receiving anti-PD-1 immunotherapy were classified into two groups ac-
cording to their response to ICls: patients with durable clinical benefit (DCB) and pa-
tients with non-durable clinical benefit (NDCB). Firstly, the proportion of core tumor-
infiltrating lymphocytes was significantly higher in the DCB than in the NDCB. Surpris-
ingly, the median TMB did not significantly differ between those two groups. The most
important results are that the best impact on discrimination between DCB and NDCB
patients had specific gene signatures defined as macrophage M1 signature and periph-
eral T cell signature. The group M1 consists of high expression of the following genes,
namely CCR7, CD27, CD48, FOXO1, HLA-B, HLA-G, LAMP3, and NFKBIA, while the pe-
ripheral T cell signature included high expression of HLA-DOA, GPR18, and STATI
genes. Moreover, among so many tested genes, the authors found that the highest ex-
pression of CD137 and PSMB9 was characteristic for durable clinical benefit from anti-
PD-1 immunotherapy. The short summary of the work by Hwang et al. showed very ev-
idently that an effective immune response in neoplastic diseases is an overly complex in-
teraction. Therefore, integrated multigene signature analysis seems to be a better predic-
tor than single PD-L1 expression or TMB status assessment. Moreover, this study also
proved that significant efforts should be made to obtain the proper information about
the following two branches of the immune response: non-specific (M1 signature) and
specific (peripheral T cell signature) activity of the immune response [67].

A new solution to determine the immunological predictive factors, such as PD-L1
expression and the presence of CD8-positive T cells, is automated image analysis, as per-
formed by Althammer et al. Archival or fresh tumor biopsies were digitally scored for
PD-L1- and CD8-positive cells densities across multiple tumor types, including NSCLC
patients who received anti-PD-L1-based immunotherapy. Median overall survival for
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patients who were treated with durvalumab was 21 months for CD8- and PD-L1-double
positive signature, while for CD8- and PD-L1-negative signature it was only 7.8 months
(p = 0.00002). The authors concluded that CD8- and PD-L1-double positive signature
provided greater stratification of OS than single high densities of CD8-positive cells or
PD-L1-positive cells, but only for ICI-treated patients. However, for immunotherapy-
naive patients, a single high density of CD8-positive cells was significantly associated
with higher median overall survival (67 months) than for the group with low CDS8-
positive cell density (39 months; p = 0.0009) [68]

Unfortunately, in the literature, there remain insufficient data indicating the useful-
ness of determining the basic immunological biomarkers in predicting the response to
ICIs of lung cancer patients.

5. Methodology

Expression of PD-L1 (clone SP263, Ventana, Arizona, USA) and CDS8 (clone SP239,
Spring Bioscience, Pleasanton, California, USA) was evaluated using immunohistochem-
istry technique in BenchMark GX autostainer according to the manufacture’ instruction.
The pathomorphological evaluation was carried out by two independent observers.

6. Conclusions

The anti-cancer immune response is an extremely complex process which requires
the perfect interaction of cellular elements belonging to the two branches of the immune
response: specific and non-specific. Immunotherapy with antibodies blocking negative
immunological checkpoint molecules restores the activity of exhausted T cells. However,
the clinical effectiveness of this method depends not only on the T lymphocyte function
restoration, but also on the proper recognition of the tumor antigen, the amounts of im-
mune cells in the tumor tissue, and the interaction between the tumor and the immune
cells. In such a complex interaction, it seems that the determination of a single predictive
biomarker may not be sufficient. Indeed, the presence of PD-L1 expression on tumor
cells, one of the best tested predictive factors, does not guarantee immunotherapy suc-
cess for NSCLC patients.

In the presented review, the authors attempted to show that the elementary infor-
mation about the presence and activity of the immune system in neoplastic tissue could
be defined as a strong predictive factor for patients undergoing immunotherapy. Simple
immunological analysis of the existing immune response in the cancer tissue, for exam-
ple, the presence of CD8-positive lymphocytes as well as CD68-positive macrophages,
and their localization inside the tumor, could be added into the basic pathomorphologi-
cal diagnosis of NSCLC patients. This is a relatively quick and inexpensive technique
that could give the oncologists important information about a pre-existing immune re-
sponse. However, more advanced techniques, such as NGS, performed to examine the
expression of genes encoding pro- and anti-inflammatory factors, should also undergo a
process of evaluation in order to be implemented in clinical practice for the selection of
patients for immunotherapy.

The understanding of critical molecular mechanisms involved in the complexity of
immune system-tumor communication allows us to provide an appropriate therapeutic
approach and prognose the disease outcome. Generally, cytotoxic T cells, memory T
cells, and Th1 cells are associated with prolonged survival, while high densities of regu-
latory T cells, myeloid-derived suppressor cells (MDSCs), or neutrophils are usually re-
lated with poor prognosis. Double positive PD-L1 and CD8 signature, as well as mul-
tiparameter immunological analysis of tumor tissue, has proven strong predictive value
of response to immunotherapy. However, the future direction of immunological assays
is not only focused on prognostic and predictive biomarkers analysis, but also “mecha-
nistic immune signature” and “escape signature” markers are of importance [69]. A
mechanistic immune signature consists of specific immune genes, predominantly associ-
ated with cytotoxic T cells activity, which expression is elevated significantly in immu-
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notherapy-responding patients. Moreover, it was recently demonstrated that anti-PD-1
immunotherapy efficacy is dependent on intra-tumoral chemokines CXCL9-CXCR3 axis
activity. Regarding to escape biomarkers, defects in major signaling pathways associated
with PD-L1 expression are the most frequently described. In melanoma patients, loss-of-
function mutations in IFN-gamma encoding genes or Janus kinase 1 (JAK1) and JAK2
are associated with acquired resistance to anti-PD-1 therapy. The analysis of these pa-
rameters in the tumor tissue at the start of treatment would certainly turn attention to
the possibility of early progression in these patients. However, we should remember
that there is no clear and obvious frontier between the described types of immunological
biomarkers [69].

In conclusion, the knowledge about the immune system status within the neoplastic
tissue is extremely important information. We can use simple immunohistochemical
staining techniques to determine the presence and activity of immune system cells. The
next step is to introduce and promote basic immunological parameter examination in
the routine pathomorphological diagnostics, which will certainly translate into more ef-
fective patient qualification for immunotherapy and further monitoring of the treatment
course.
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