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Introduction
The first attempt to use immune system (IS) against tu-
mors dates back to more than a century ago. In 1890 
William Coley, a surgeon of New York City, directly 
injected streptococcal bacteria into inoperable tumors 
with notable successes in regression of tumors [1]. How-
ever, in the following decades, cancer immunotherapy 
was considered to be ineffective and irreproducible. 
Since the early 1990s, researchers have developed sev-
eral ways to stimulate the patient’s IS, some of which 
have been successful and some less so, depending on 
the type of cancer [2]. The introduction of checkpoint 
inhibitors targeting cytotoxic T/lymphocyte-associated 
protein 4 (CTLA/4) or programmed cell-death protein 1 

(PD-1), or programmed cell-death 1 ligand 1 (PD-L1),  
depending on the drug considered, was undoubtedly a 
revolution in cancer treatment. These molecules have 
demonstrated clinical activity in more than 15 differ-
ent cancer types, including melanoma, non-small-cell 
lung carcinoma (NSCLC), renal cell carcinoma (RCC), 
bladder carcinoma and Hodgkin lymphoma [3]. Despite 
initial enthusiasm, the use of these drugs did not achieve 
the same results in other tumors. For example, in gastro-
intestinal stromal tumor (GIST) the use of ipilimumab 
in combination with dasatinib did not show any signifi-
cant activity, while ipilimumab in patients with recur-
rent synovial sarcoma failed to show relevant clinical 
activity [4]. 
It is now clear that the “melanoma miracle” will not be 
reproducible in the great majority of other cancer histo-
types. These failures prompted immuno-oncologists to 
investigate more deeply into several different aspects of 
the cancer host immune-response, coming to the conclu-
sion that is an element of uniqueness in every tumor his-
totype and patient. Only the knowledge of this unique-
ness will allow the expansion of the possibilities of im-
munotherapy to a broader number of patients. Indeed, 
several layers of complexity need to be understood to 
elucidate the interactions between tumor and the IS. In 
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this paper, we will describe some key features of the IS-
tumor interaction, with a specific focus on the tumor mi-
croenvironment (TME) in order to identify new potential 
targets and design new immunotherapeutic strategies.

Tumor and host: a complex relationship

Lymphocytic infiltrate
Teng and collaborators proposed an elegant classifica-
tion of TMEs [5], based on previous findings in mela-
noma [6]. The selected variables are tumor-infiltrating 
lymphocytes (TIL; presence or absence) and PD-L1 pos-
itivity, generating four possible scenarios: Type I: PD-L1  
positive, TILs present (adaptive immune resistance); 
Type II: PD-L1 negative, no TILs (immune ignorance); 
Type III: PD-L1 positive, no TILs (intrinsic induction); 
Type IV: PD-L1 negative with TILs, implying that other 
pathways could be implicated in immune tolerance. The 
temporal and spatial intrinsic variability of PD-L1 ex-
pression, i.e., its dynamic expression at different time 
points in tumor progression and its significance depend-
ing on the cell type expressing PD-L1, effectively ham-
pers the application of this stratification. Furthermore, 
important actors of host-tumor interplay, such as macro-
phages and myeloid-derived suppressor cells (MDSC), 
are not taken into account in this classification.
Beyond the prognostic role of TILs in almost all neo-
plasms, the crucial role played by lymphocyte infiltration 
in immune checkpoint inhibitor therapy was elegantly 
shown by Tumeh and collaborators [7]. These authors 
formally demonstrated that in the absence of TILs no re-
sponse can be achieved with immune checkpoint inhibi-
tors alone.
Within the different tumor types in which immune check-
point inhibitors were not able to achieve clinically rel-
evant results, soft tissue sarcomas (STS) have some pe-
culiarities. Indeed, STS are a rare and extremely hetero-
geneous group of tumors encompassing more than fifty 
different histotypes [8, 9]. This heterogeneity is both a 
challenge and an intriguing model for the study of fine-
tuning mechanisms of the TME. For instance, in a recent 
paper [10] the authors compared the mutational burden 
of different STS (undifferentiated pleomorphic sarcoma 
[UPS], leiomyosarcoma [LMS], well-differenti ated/de-
differentiated liposarcoma [WD/DD LPS], syno vial sar-
coma [SS] and myxoid-round cell liposarcoma [MRCL])  
and their different lymphocytic infiltrate. The authors 
found a positive correlation between mutational burden, 
immunogenicity, an abundance of oligoclonal T-cell in-
filtrates and the great variability of the microenviron-
mental immune asset among histotypes. As an example, 

LMS is both largely immunogenic and rich in immuno-
suppressive tumor-associated macrophages, suggesting 
that targeting both adaptive immunity through immune 
checkpoints and innate immunity might provide better 
responses. Indeed, the anti PD-1 inhibitor nivolumab 
alone was not able to show any relevant activity in uter-
ine LMS [11]. Taking inspiration from this example, it is 
clear that having effective biomarkers to evaluate, follow 
and measure the variations in TME, and consequently in 
tumor response to immunotherapy, would be of utmost 
importance.
To date, the most widely accepted parameters to evaluate 
tumor immunogenicity, and possibly predict response, 
are: PD-L1 expression (with all the well-known caveats 
concerning the determination of expression), percentage 
of CD8+ T cells, T cell clonality, presence of regulatory 
T-cells (Tregs) and macrophagic infiltrate.

Cytokines
A relevant predictor of response to immunotherapy is the 
abundance in the TME of MDSC. These cells are true 
“cytokine factories” and are key players at the frontline 
of immune suppression. The cytokine family of mole-
cules is composed of soluble proteins, mainly but not 
exclusively secreted by cells of the IS, with diverse roles 
across physiology and pathology. Differently from the 
well-known, almost uniquely endocrine function of hor-
mones, cytokines can act in a paracrine manner, exerting 
their action on neighbor cells, or directly affecting the 
producer cells in an autocrine fashion. Cytokines are the 
“words” with which the IS communicates with other cells 
of the body. These molecules can act in synergy (differ-
ent cytokines contribute to a common effect), quite often 
with redundant roles. Much like the meaning of words 
in a sentence depends on the semantic context, the same 
cytokine can be involved in several biological processes 
and even play seemingly opposite roles (pleiotropy). Cy-
tokine crosstalk and trafficking are crucial at many steps 
in the metastatic process, such as epithelial-to-mesen-
chymal transitions (EMTs). The EMT is a key evolution-
ary conserved, developmental process which is hijacked 
early on by tumor cells in the invasion-metastasis cas-
cade and which is almost entirely dependent on TME in-
teractions [12]. One renowned player at many metastatic 
steps, including EMTs, is transforming growth factor-β 
(TGF-β) [13]. TGF-β signaling physiologically acts as a 
tumor suppressor, as it oversees differentiation, survival, 
and homeostasis of virtually all cell types in our body, 
but often changes side during carcinogenesis [14-16].  
This cytokine is produced both by cancer parenchymal 
cells and by stromal cells such as myofibroblasts, and its 
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associated pathways are involved both in tumor suppres-
sion and progression. This rather puzzling variability is 
related to the type of cancer and, even within the same 
tumor, to specific steps of tumor progression. There are 
studies suggesting that TGF-β can act as a cytokine of 
metastasis in breast cancer and endometrial cancer, blad-
der cancer, melanomas and also sarcomas. Its role in 
sarcomas has been demonstrated as early as 1983, with 
the discovery that the “Sarcoma Growth Factor” was a 
mixture of two proteins, transforming growth factor-α 
(TGF-α) and TGF-β [17]. More recently, the gene en-
coding for TGF-β type II receptor, harboring a tumor-
suppressing function, has been identified as a major tar-
get of EWS-FLI1 [18].
Many cytokines and cytokine receptors have been under 
investigation as potential targets for combining agents 
targeting PD-L1/PD-1 and cytokines/chemokines with 
an immunosuppressive role [19, 20]. We describe a few 
relevant examples.
Interleukin (IL)-10 is produced by T-helper (Th)2, Th1, 
Th17 (a subset of Tregs), CD8+ T cells, B cells, and by 
cells of the innate IS such as macrophages, dendritic cells 
(DCs), natural killer (NK) cells, neutrophils and eosino-
phils, mast-cells. Its main targets are DCs and macro-
phages, contributing to the inhibition of antigen-presen-
tation process [21, 22]. IL-10 produced by macrophages 
in the TME can suppress IL-12 expression in DCs, thus 
impairing CD8+ T cell-dependent response to chemo-
therapy [23]. Raised serum concentrations of IL-10  
are associated with negative prognosis in at least 10 can-
cer types, among them bone sarcomas and lymphomas, 
possibly because of its potent immunosuppressive role at 
the TME-tumor interface.
Cytokine receptors (such as CSF1R). Colony-stim-
ulating factor 1 (CSF1) is crucial for macrophage 
functioning and survival. CSF1 receptor (CSF1R) is 
expressed on the surface of tumor-associated macro-
phages (TAMs); its blockade leads to a reduction in 
TAM-promoting activity and decreased expression of 
M2 markers [24]. The combination of CSF1R inhibi-
tors with immune checkpoint inhibitors is currently 
being investigated, among others, by the study explor-
ing the association of PLX3397, an inhibitor of CSF1R 
(phase I/IIa study: A Combination Clinical Study of 
PLX3397 and Pembrolizumab To Treat Advanced Mel-
anoma and Other Solid Tumors, https://clinicaltrials.
gov/ct2/show/NCT02452424. Accessed July 15, 2017),  
with pembrolizumab, both in advanced melanoma and 
other solid cancers (NSCLC, ovarian cancer, squamous 
cell cancer of the head and neck, and GIST).
Finally, interferons (IFNs) are probably the most rele-

vant class of cytokines to date in terms of our knowledge 
of their function and potential therapeutic applications. 
Indeed, IFN-γ is most likely the best example of the 
crosstalk and high level of complexity of the cytokine 
network. The main producers of this potent cytokine are 
antigen presenting cells (APCs), NK cells and T cells 
(both CD4+, in particular Th1, and CD8+). The main tar-
gets of IFN-γ among immune cells are B lymphocytes, 
Th1 lymphocytes, and macrophages. Briefly, IFN-γ in-
duces human leukocyte antigen-D related (HLA-DR) 
expression and upregulates major histocompatibility 
molecules-class I (MHC-I) on most cells of the human 
body, especially in viral infections, for T-cell mediated 
recognition and killing. IL-10 negatively regulates IFN-γ 
production, while TGF-β indirectly impairs IFN-γ pro-
duction, by inhibiting CD4+ cells polarization by Th1, 
the main producers of IFN-γ. As an example, in Ewing 
sarcoma, IFN-γ stimulates the production of chemokines 
(i.e., CXCL9 and CXCL10) by tumor and stromal cells. 
These cytokines are able to recruit T lymphocytes ex-
pressing the corresponding receptors, eventually leading 
to increased host immune response against tumor cells. 
Moreover, expression of T cell-recruiting chemokines 
positively correlated with improved survival in Ewing 
sarcoma [25].

Membrane antigens
The cornerstone of immunotherapy is the ability of the 
IS to recognize and kill tumor cells. One of the mecha-
nisms is mediated by the encounter between T cells and 
tumor antigens presented by MHCs on the surface of 
APCs or on malignant cells themselves. These tumor 
antigens are peptide epitopes that could theoretically be 
divided into two main classes: a) non-mutated proteins 
to which T cell tolerance is incomplete (for instance, 
because of their restricted tissue expression pattern); 
b) peptides not present in the normal human genome, 
so-called neoantigens. In virus-associated tumors, epi-
topes derived from viral open reading frames contrib-
ute to the pool of neoantigens, while in the larger group 
of tumors without a viral etiology, such neoantigens are 
usually generated by tumor-specific DNA mutations that 
eventually result in the formation of novel proteins [26].  
From another point of view, the more a tumor genome is 
rich in DNA mutations (mutational burden), the greater 
is the probability that neoantigens are exposed on the 
surface of tumor cells and the probability of the host IS 
to generate a response against them.
Unfortunately, this mechanism has two important limi-
tations. The first is the ability of a given antigen to be 
bound by a MHC class I molecule with a sufficient affin-
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ity to be stabilized on the cell surface in order to activate 
T cells by interactions with T cell receptor (TCR) [27]. 
The second one, is that high mutational burden has been 
correlated with response to immunotherapy, but may not 
be sufficient to cause a relevant clinical benefit, for ex-
ample, a clinically significant improvement in progres-
sion-free survival (PFS). Indeed, data recently presented 
at the American Society of Clinical Oncology (ASCO) 
annual meeting from a phase II study of pembrolizumab, 
in a cohort of patients with advanced soft-tissue or bone 
sarcoma (SARC028), demonstrated that high mutational 
burden sarcomas, UPS and LMS, obtained different clin-
ical response rates (40% of overall response rate in UPS 
cohort and 0% in LMS cohort) suggesting a more com-
plex interaction between mutational burden, TME and 
IS leading to a greater variability of behavior between 
different histotypes [10, 28].

Metabolic alterations in TME  
and relationship with IS
As of today, it is known that cancer cells are charac-
terized by a different metabolism compared to normal 
cells. These differences also influence TME and IS. In 
particular, proliferating cancer cells need more energy 
compared to normal cells, and they adapt their metabo-
lism to be more dependent on aerobic glycolysis and glu-
taminolysis [29]. Since the metabolic profiles of tumor 
cells are different from that of normal cells and are criti-
cal for their growth and survival, the metabolic signaling 
pathways have been identified as reasonable targets for 
therapeutic intervention in patients with cancer.
A well-known example is related to glucose metabolism. 
Energy within cells is stored by adenosine triphosphate 
(ATP) molecules. ATP is generated through aerobic or 
anaerobic respiration. Aerobic respiration, also named 
oxidative phosphorylation, is used by normal cells under 
non-proliferating conditions. It produces 36 molecules 
of ATP per molecule of glucose metabolized, and re-
leases CO2 as a byproduct. Anaerobic respiration, also 
named anaerobic glycolysis, is used during hypoxic or 
stressful conditions and produces only two molecules of 
ATP per molecule of glucose metabolized.
Tumor cells grow rapidly and need to increase the uptake 
of nutrients from their environment to assemble DNA, 
proteins, and lipids needed for cell growth and division. 
In the 1920s, Otto Warburg observed that tumors take up 
higher levels of glucose in comparison with normal tis-
sues [30, 31]. Furthermore, he showed that cancer cells 
produce much more lactate than normal tissues, suggest-
ing that these cells are consuming glucose through the 
glycolytic fermentation pathway [32]. The use of this 

pathway to meet energy requirements under normoxic 
conditions is named “aerobic glycolysis”, and the in-
creased dependence on this pathway by cancer cells is 
known as the Warburg effect [33].
In addition to aerobic glycolysis, another critical meta-
bolic pathway to provide nutrients and biosynthetic pre-
cursors needed for macromolecule synthesis is the gluta-
mine metabolism [34].
Within this pathway, glutamine is converted into gluta-
mate, used to make alpha-ketoglutarate (α-KG), impor-
tant in the Krebs cycle for the synthesis of nucleic and 
fatty acids. Therefore, interfering with glutamine metab-
olism can have a profoundly detrimental effect on repli-
cating cells [35-38]. The Warburg effect has direct conse-
quences in the TME. The first is the acidification of TME 
due to lactate secretion and the consequent M2-TAM  
polarization promoting tumor growth, progression, and 
metastasis [39]. The second is the reduction of glucose 
available for TILs with the consequent loss of ability of 
T cells to control tumor growth [40]. Thirdly, the War-
burg effect is linked to the production of adenosine. 
Generation of extracellular adenosine is dependent on 
the ecto-enzyme CD39 which converts extracellular ATP 
to AMP, and it depends on the echo-enzyme CD73 which 
catalyzes the dephosphorylation of AMP to adenosine. 
Adenosine interacts with four G-protein coupled recep-
tor subtypes with activation of different pathways. In 
particular, adenosine disables cytotoxic effector func-
tions of both NK and CD8+T cells enabling tumor im-
mune escape. Adenosine inhibits the Th1 CD4+T cell re-
sponse, thereby limiting the cytokine environment which 
is needed to support these effector cell types. The polar-
ization of myeloid cells mediated by adenosine allows 
them to develop into immunosuppressive phenotypes 
(e.g., M2 macrophages and tolerogenic DCs). Moreover, 
adenosine enhances proliferation of Tregs and granulocyt-
ic MDSCs which further affect T-effector cells prolifera-
tion and function [41-45]. Overexpression of CD73 has 
been shown in several types of cancer in association with 
poor prognosis, increased risk of metastasis [46] and re-
sistance to chemotherapy [47, 48]. Preclinical evidence 
suggests that antibodies targeting CD73 and CD39 have 
antitumor activity in mouse tumor models [49-53].
Finally, the Warburg effect can confer to tumor cells the 
ability to resist to hypoxia, a condition very commonly 
found in solid tumors, wherein tissue oxygenation is 
generally incomplete due to the inefficient formation of 
the vascular network [54]. This is particularly relevant in 
STS that is typically characterized by large masses with 
large hypoxic areas.
Another critical metabolic pathway is represented by 
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indoleamine 2,3-dioxygenase (IDO), that is expressed 
both by tumor cells and infiltrating myeloid cells, and 
arginase, produced by MDSCs. In preclinical models, 
both IDO and arginase have been shown to inhibit im-
mune responses. IDO inhibitors are currently being as-
sessed mainly in combination with immune checkpoint 
inhibitors in clinical trials involving patients with differ-
ent cancer types [55], including STS. Interestingly, it has 
been demonstrated that imatinib activates CD8+ T cells 
and induces the apoptopsis of Tregs within the tumor by 
reducing tumor cell expression of IDO [56].

Therapeutic strategies

Angiogenesis and tumor microenvironment
Angiogenesis is the formation of new blood vessels by 
the remodeling and expansion of primary vessels. Tumor 
angiogenesis is critical for tumor growth and metasta-
sis. To date, different proteins have been identified as 
angiogenic activators, and it is clear that angiogenesis 
is a multi-step process. Firstly, hypoxia within the TME 
determines the activation of hypoxia inducible factor-1α  
(HIF-1α) that induces the expression of critical angio-
genic activators such as vascular endothelial growth 
factor (VEGF), platelet-derived growth factor (PDGF), 
and TGF-α [57-59]. Hypoxia also leads to the activation 
of the signaling of the kinase mammalian target of ra-
pamycin (mTOR) and unfolded protein response (UPR) 
signaling pathway initiated by stress of the endoplasmic 
reticulum (ER) [60, 61]. However, different studies have 
demonstrated that tumor blood vessels are aberrant ves-
sels, different from normal ones [62]. In particular, tu-
mor vessels are deficient in pericytes and have altered 
endothelium and basement membrane with consequent 
instability and alteration in blood flow [63]. This aber-
rant structure reduces the ability of T lymphocytes to 
get out of the blood vessels [64]. Preclinical studies are 
ongoing to evaluate the impact on tumor growth of nor-
malizing the tumor vasculature [65]. Furthermore, other 
studies are focusing on the combination of antiangio-
genic treatments with immunotherapy [64] (Figure 1). 
Angiogenesis plays a critical role in the pathogenesis of 
the great majority of tumors, and STS is not an exception 
[66, 67].

Immune stimulation to increase immune infiltrate
As for other tumors types, sarcoma histotypes can be dif-
ferentiated into “hot-inflamed” or “cold not-inflamed” 
tumors and these features, as already mentioned, seem 
to be an approximate predictive biomarker for response 
to immunotherapies [10, 28]. Cold tumors display a 

completely different immunobiologic signature: lack of 
type I interferon signature, lack of chemokines for re-
cruitment of T cells, lack of T cells infiltrate, vasculature 
non-permissive for T cells entry etc. [68]. Taking into 
consideration the complete uselessness of mono-immu-
notherapy in these kind of neoplasms, therapeutic inter-
ventions must be focused on a combination of strategies 
with the aim of increasing inflammatory infiltrate, T cells 
trafficking and improving innate IS activation.
Possible approaches currently under study are a com-
bination of double checkpoint inhibition (such as the 
association of anti-CTLA4 and anti-PD1), the use of 
Toll-like receptor (TLR) agonists and cytokines (such as 
GM-CSF, IL-2, IFN-α/β), vaccines, intratumoral admin-
istration of IFN-β, local radiation therapy, concomitant 
administration of target therapy or chemotherapy. All of 
these therapeutic strategies can be called “immune adju-
vants”, and aim to promote the function of APCs and to 
enhance Th1 cell or macrophage effector pathways [19].
An attractive example is the study published by Chen 
and collaborators, in which the combination of peg-
interferon α-2b and imatinib for treatment of patients 
with stage III/IV GIST promoted DCs and cytotoxic T 
lymphocytes differentiation toward Th1 response and 
activation of NK cells with promising clinical responses 
(albeit the number of treated patients was small) [69]. 
Another interesting combination therapy is represented 
by ipilimumab + nivolumab, that has been studied in the 
phase II study Alliance A091401, recently reported at 
the 2017 ASCO annual meeting. Patients with advanced 
sarcoma, progressing after at least one treatment line, re-
ceived nivolumab 3 mg/kg alone or in combination with 
ipilimumab 1 mg/kg. The combination treatment group 
obtained two complete and five partial responses (objec-
tive response rate [ORR] 15%), primarily in LMS, UPS, 
myxofibrosarcoma, and angiosarcoma, compared to only 
three partial responses in the monotherapy group (ORR 
6%); PFS was slightly greater in combination treatment 
(PFS 4.4 vs 2.1 months) justifying further studies of this 
combination in selected patient populations [70].

Toll-like receptors
Toll like receptors (TLRs) are the best-known represen-
tatives of the molecules of the pattern recognition recep-
tor (PRR) family. They are expressed by cells of innate 
immunity, DCs and macrophages, but also by epithelial 
cells and fibroblasts. They can recognize “non-self”, al-
beit in a less specific way than cells of adaptive immu-
nity. In fact, TLRs detect specific molecular signatures, 
“patterns” commonly present on pathogens. The human 
genome harbors 10 TLR genes; each of these can recog-
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Fig. 1. Interactions between tumor hypoxia and the immune system: a complex interplay. A. Growing, hypoxic tumor masses produc-
ing hypoxia-inducible factor α (HIF-α) stimulate the production of angiogenic factors by tumor cells, (i.e., members of the vascular 
endothelial growth factor –VEGF family), and by endothelial cells, (i.e., angiopoietin 2 – Ang2). Moreover, hypoxia can also induce 
epithelial-mesenchymal transitions (EMT) in cancer cells. Tumor neoangiogenesis gives rise to heterogeneous, leaky and tortuous 
vessels, more susceptible to cancer cell intravasation. The proangiogenic molecules activate signaling pathways leading to different 
effects: i) tumor immunosuppression; ii) reduced trafficking of cytotoxic T lymphocytes (CTL) by inducing the so-called “endothelial 
anergy” (inhibition of adhesion molecules usually increased in inflammatory states); iii) increased extravasation of Tregs; iv) recruit-
ment of MDSC with increased activity of various MDSC-associated cytokines, including indoleamine 2,3-dioxygenase 1 (IDO1) 
and arginase-1, both involved in antitumor immune response inhibition. Hypoxia is a well-known attractor of tumor-associated mac-
rophages (TAM) that produce proangiogenic cytokines and other tumor-promoting cytokines. Other pathways activated by hypoxic 
conditions in tumor cells are the mammalian target of rapamycin (mTOR) and unfolded protein response (UPR) pathways, that can 
contribute to tumor progression and modulate tumor tolerance to hypoxia. Furthermore, hypoxia directly upregulates PD-L1 in cancer 
cells, TAM, and MDSC (HIF-α binds to a hypoxia-response element in the PD-L1 promoter). 
B. Upon hypoxic conditions, the phenotypic switch of endothelial cells and pericytes leads to neoangiogenesis. In tumor vessels, 
endothelial cells lose their typical “phalanx-like” asset, with detachment from the basement membrane, loss of cell polarity, increase 
in fenestration number and pore size, generating a leaky, heterogeneous endothelial layer more permissive for intravasation of tumor 
cells. However, quite counterintuitively, this does not lead to increased extravasation of CTL in the TME, as the phenotypic switch 
turns endothelial cells into cells hostile to CTL migration. On the other hand, the same phenotypic switch leads to a more favorable 
environment for Treg extravasation. Pericytes of tumor vessels, the “guardians” of vessel walls, usually become fewer and display 
an overall less mature phenotype. Therefore, the use of antiangiogenic agents and novel agents aimed at vessel normalization (i.e., 
molecules stimulating Notch signaling pathway) could prove to be a powerful tool in order to boost the efficacy of immunotherapy. 
APC: antigen presenting cell; bFBF: basic fibroblast growth factor; ECM: extracellular matrix; ICAM-1: intercellular adhesion mol-
ecule-1; Mo-MDSC: monocytic myeloid derived suppressor cells; TIL: tumor infiltrating lymphocytes; TME: tumor microenviron-
ment; VCAM-1: vascular cell adhesion molecule-1.
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nize a specific molecular class, such as proteins, lipopro-
teins, proteins, nucleic acids, and glycans. Those recog-
nizing nucleic acids (bacterial, viral, and self in autoim-
munity) are not expressed on the cell surface, but in the 
intracellular compartment (ER/endosomes/lysosomes). 
TLRs can also recognize endogenous molecules released 
from apoptotic/necrotizing cancer cells, and TLRs gene 
mutations are linked to cancer development and progres-
sion. Indeed, it is quite likely that the antitumor effect 
observed by Coley in 1890 on injection of streptococcal 
toxin might have been mediated by TLR, specifically by 
TLR4, which recognizes lipopolysaccharide (LPS) [71]. 
TLR agonists have proven to be a promising target to 
enhance antitumor immune response. The rationale be-
hind this intuition relies on the role of these molecules in 
antigen presentation. One of the first, seminal studies in 
this direction was the discovery in 2005 of the reversal 
of Tregs function (from negative to positive regulators of 
antitumor immunity) by adoptive transfer of TLR8 li-
gand-stimulated Tregs into tumor-bearing mice [72]. The 
availability of precise structural knowledge of TLRs li-
gand binding domains since 2005 has allowed the devel-
opment of highly structure-specific agonists [73, 74]. To 
date, there are a number of TLR agonists, such as imiqui-
mod (activating TLR7) or CpG oligonucleotides (activat-
ing TLR9). Different TLRs have specific effects on anti-
tumor immune response. For instance, while TLR2-4-7  
have a tumor-promoting effect, TLR9 activation could 
promote immune responses against cancer cells. In order 
to tackle this “Janus effect” across the TLR family, more 
basic molecular biology details are needed to identify 
which adjuvant strategies and which TLRs might be par-
ticularly helpful as antitumor immunity enhancers [19]. 
One recent promising study in this direction combined 
radiation therapy with the use of a powerful TLR4 ago-
nist, the lipid adjuvant G100 (oil-in-water stable gluco-
pyranosyl emulsion), for intratumoral injections, in or-
der to try and induce an immune response in the TME. 
The study was carried out in a small number of patients 
affected by metastatic STS, with promising results [75].

Strategies to improve antigen presentation
While, on the one hand, we can improve IS sensitivity 
with newer immune adjuvants, on the other hand, pre-
clinical studies have shown that “classical” therapies 
(such as chemotherapy, radiotherapy and target thera-
py) should not be discarded. Indeed, it is reasonable to 
combine standard therapies with immunotherapies to in-
crease antigen release by the dying cancer cell [76].
Radiotherapy, aside from its tumor-debulking proper-
ties, modulates the antitumor immune response in a 

variety of ways, such as the release of tumor antigens 
and/or damage-associated molecular pattern molecules 
(DAMPs), that can activate both the innate and adaptive 
IS. Indeed, it can improve tumor-cell immunogenicity, 
enhancing APC function and T cell effector activity [77]. 
Furthermore, the primary effects of radiotherapy are on 
the tissues and target lesions, but the activation of IS can 
also lead to activity against distant lesions (the so-called 
“abscopal effect”). The abscopal effect is not completely 
understood, but it can be considered an indirect proof 
of benefit and synergistic action of radiotherapy and IS.
Similarly, chemotherapy can also induce immunogenic 
tumor cell death (ICD). The main molecular “actors” re-
leased by tumor cells after the administration of chemo-
therapy (e.g., anthracycline and oxaliplatin) are: 1) calre-
ticulin, which favors antigen-uptake; 2) ATP, which rep-
resents a potent chemotactic agent for myeloid cells and 
DCs precursors; 3) high mobility group box-1 (HMGB-1),  
that favors antigen presentation by DCs [76].
Targeted therapies have been shown to modulate the in-
teraction between tumor and IS even if the mechanisms 
are not yet completely understood. Once again, studies 
in melanoma paved the way to discoveries in other tumor 
types. BRAF inhibitors and the combination of BRAF 
and MEK inhibitors reduce immune suppression within 
the TME through mechanisms such as the increase in 
the expression of melanocyte differentiation antigens 
and stimulation of lymphocyte homing [78]. As men-
tioned above, one of the most attractive examples in tu-
mors other than melanoma is the block of IDO-mediated 
immunosuppression of T cell responses by imatinib in 
GIST. In particular, this drug causes the reduction of the 
expression of IDO within the tumor, causing Tregs apop-
tosis and activation of CD8+T cells [56].

Conclusions
The interactions between cancer, IS and TME appear to be 
very complex and are far from having been completely elu-
cidated. Complexity is much greater than that hypothesized 
by Coley when he observed responses to his “toxin”, but 
also clearly much more complex than expected by oncolo-
gists all over the world after the treatment of melanoma 
patients with checkpoint inhibitors. The unmet need is two-
fold. First, we should not be satisfied with the results, albeit 
practice changing, obtained in melanoma, NSCLC, RCC, 
Merkel cell carcinoma (MCC), and urothelial carcinoma 
revolutionizing the treatment algorithm of these tumors. A 
proportion of patients affected by these same tumors die or 
lose their initial response in a short time. Second, in many 
other tumors, from colorectal cancer (apart from MSH re-
lated ones) to rare cancers such as sarcomas, present im-
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munotherapy strategies have not shown any relevant activ-
ity. We need to translate into clinical trials what we have 
learned from preclinical studies so as to approach the treat-
ment of “non-melanoma-like cancers” with a multitasking 
ability. Thus, the effort has to be focused on the modulation 
of the properties of the immune system and on the combi-
nation of immunotherapies with standard therapies and/or 
other therapeutic strategies, such as adoptive cell therapies 
and modulation of cancer metabolism (Table 1).

Table 1. Examples of strategies to modulate the tumor microenvironment (TME).

TME modulators  Potential therapeutic strategies References
Antigen load - neoantigens • Vaccines targeting NY-ESO-1; dendritic-cell-based vaccines; vaccines composed [26, 79-86] 
  of multiple tumor associated peptides (TUMAPs) 
 • Oncolytic viruses: talimogene laherparepvec, an attenuated herpes simplex virus  
  type 1 (HSV-1); pexastimogene devacirepvec, based on an oncolytic vaccinia poxvirus;  
  modified human reovirus; recombinant adenovirus  
 • Combination with radiotherapy and chemotherapy 
Immune checkpoints • Immune checkpoint inhibitors targeting CTLA-4, PD-1, PD-L1 [3]
Antigen presentation adjuvants • TLR agonists/adjuvants: ARNAX (TLR3-specific RNA agonist), imiquimod,  [87, 88] 
  α-Galactosylceramide
Tumor infiltrating lymphocytes • Adoptive cell transfer [78, 89-91] 
 • CAR-T 
 • Cytokines agonists/antagonists (see below) 
 • Double checkpoint inhibition 
 • Target therapy
Tumor associated macrophages • CSF1-R inhibitors/anti-CSF1-R antibodies; anti-CD47 antibodies [92]
Tumor metabolism • IDO inhibitors [49, 50, 52,  
 • Arginase inhibitors 53, 55] 
 • Anti-CD73 antibodies 
 • Anti-CD39 antibodies 
 • A2B adenosine receptor blockers (PSB603)
Tumor neoangiogenesis • VEGF inhibition [57, 91-94] 
 • HDAC, DNMT inhibition
Cytokines, chemokines,  • Cytokines agonists/antagonists: IL-1α, IL-2, CCL2, Interferons, TGF-β […] [20, 95-100] 
cytokine receptors 
CAR-T: chimeric antigen receptor T cells; DNMT: DNA methyltransferase; HDAC: histone deacetylases; IDO: indoleamine-2,3-dioxygenase
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