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Simple Summary: The tumor microenvironment (TME) is defined as the environment surrounding
a tumor. There is a close, dynamic relation and interaction between the tumor and its neighboring
microenvironment. There are some particularities of the thymus itself and of the TME of thymic
epithelial tumors that hinder the routine use of targeted therapies, including immune checkpoint
inhibitors. The understanding of the unique characteristics of the TME of thymic epithelial tumors
could possibly result in the development of novel promising therapies.

Abstract: The tumor microenvironment (TME) is a complex and constantly changing entity. The
TME consists of stromal cells, fibroblasts, endothelial cells, and innate and adaptive immune cells.
Cancer development and progression occurs through this interplay between the tumor and the
adjacent stroma. Cancer cells are capable of modifying their microenvironment by secreting various
message-carrying molecules, such as cytokines, chemokines, and other factors. This action causes a
reprogramming of the neighboring cells, which are enabled to play a crucial role in tumor survival
and progression. The study of TME has many clinical implications in terms of cancer therapeutics
because many new drugs, such as antibodies, kinase inhibitors, and liposome formulations that
can encapsulate anti-cancer drugs, can be developed. Although chemotherapy is considered the
standard of treatment for advanced disease, recent research has brought to light immunotherapy as a
possible systemic alternative. However, the complex structure and function of the thymus hinders its
routine use in clinical practice. The aim of this review paper is to discuss the recent advances in the
investigation of the unique characteristics of the TME of thymic epithelial tumors that could possibly
lead to the development of novel promising therapies.
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1. Introduction

The tumor microenvironment (TME) is defined as the environment surrounding
a tumor. It includes the vascular endothelial cells, innate and adaptive immune cells,
fibroblasts, pericytes, signal-carrying molecules, and the extracellular matrix (ECM) [1,2].
There is a close, dynamic relation and interaction between the tumor and its neighboring
microenvironment. This complex interaction plays a central role in cancer development
and metastasis [3,4]. This interplay between the tumor and its environment has been
observed since the early stages of research on cancer and, consequently, crucial steps in
cancer evolution, such as tumor-induced angiogenesis and peripheral immune tolerance,
were understood [3]. Similarly, the immune cells surrounding the tumor can impact the
evolution of cancer cells [3]. Recently, the TME was brought in the center of interest of many
researchers because its study has many clinical implications in terms of cancer therapeutics.
The identification and understanding of the different players of the TME could lead to
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the development of many new drugs, such as antibodies, kinase inhibitors, and liposome
formulations that can encapsulate anti-cancer drugs [3,5].

The thymus is an organ of the immune system that is responsible for the development
of adaptive immunity [6]. In the thymus, the maturation of thymus cell lymphocytes or
T cells, which are important elements of the adaptive immune function, occurs. More
specifically, the complicated structure of the thymus offers a unique microscopic environ-
ment that guides the maturation of thymocytes and trains T cells to become self-tolerant [6].
Thymic epithelial tumors (TET) are rare neoplasms of the prevascular, or formerly called an-
terior, mediastinum [7]. They develop from the epithelial thymic cells. This heterogeneous
group of tumors consists of thymomas and thymic carcinomas [7]. Thymic carcinomas
are less frequent among TET, but they are more aggressive clinically. The variations of
histological types have resulted in a recrudescence in research aiming to identify the ge-
netic markers and the oncogenic pathways in the TET that can lead to the development of
molecular-targeted therapies [8]. However, the histological heterogeneity that characterizes
TET, together with the absence of standard mutations, renders that research difficult [9].
Although chemotherapy is the standard of treatment for advanced disease, recent research
has brought to light immunotherapy as a possible systemic alternative [9]. The aim of
this review paper is to discuss the recent advances in the investigation of the unique
characteristics of the TME of TET that could possibly lead to the development of novel
promising therapies.

2. Materials and Methods—Search Strategy

This paper was designed according to the recent recommendations on the quality
assessment of narrative review articles [10]. PubMed research was conducted using the
terms [tumor] AND [microenvironment] AND [thymic epithelial tumors] OR [thymomas].
Papers concerning pediatric cases and non-English literature papers were excluded. As the
present study is not a systematic review, the papers were selected according to pertinence.
The majority of studies were retrospective cases series and, consequently, papers with a
higher level of evidence have not been identified. Among the papers dealing with genetic
alterations in thymic tumors, priority was given to recent ones. The references of selected
papers were sought in order to find other pertinent articles.

3. Results
3.1. The Particularities of TME of TET and the Limitations in the Use of Immunotherapy

Surgical resection is considered as the standard treatment for early-stage thymomas,
whereas radiation therapy and chemotherapy are reserved for advanced or recurrent
tumors and for patients who are not candidates for surgical resection [8,9]. However, as
immunotherapy has shown promising results in other solid tumors, it has gained the
interest of researchers who investigate its efficacy in TET [11]. Indeed, there are clinical
trials that evaluate the use of these agents in the treatment of TET, revealing encouraging
preliminary clinical outcomes [12,13]. What is interesting in the case of TET is the key role of
the thymus gland in the development of adaptive immune responses, where the maturation
of T-cells takes place [9,11]. For that reason, there are severe side-effects (auto-immune
toxicity) that have been observed in patients with TET receiving immune checkpoint
inhibitors (ICI) [9,11], and they constitute an important obstacle that limit widespread and
routine use. Immune-related adverse events generally represent an acceptable morbidity,
but, in some cases (ranging from 0.36% to 1.23% determined by the type of ICI used),
they can be fatal. Fatal toxicity is less frequent with anti-programmed death 1 (anti-PD-1)
receptor and anti-programmed death ligand 1 (anti-PD-L1), followed by anti-Cytotoxic T
lymphocyte-associated protein 4 (anti-CTLA-4), and more frequent with their combined
administration (anti-PD1/PDL1 and anti-CTLA-4) [14].

There are studies that have identified PD-L1 expression in the majority of TET [15,16].
Padda et al. examined 69 TET and found 68% of cases with PD-L1 overexpression [16].
Katsuya et al. examined a series consisting of 141 TET and discovered high PD-L1 expres-
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sion in 70% of thymic carcinoma specimens, but only in 23% of thymomas [17]. Similarly,
Yokoyama et al. observed increased PD-L1 expression in 80% of thymic carcinoma speci-
mens [18]. However, there is controversy as far as survival is concerned, and, therefore,
the prognostic influence and benefit of PD-L1 is debated. Padda et al. demonstrated that
increased PD-L1 expression resulted in decreased overall survival (OS), whereas Katsuya
et al. described no association between PD-L1 expression and OS [16,17]. Bedekovics et al.
found that 69% of thymomas and 43% of thymic carcinomas in their series were highly
positive (positive tumor cells >50% or positive immune cells >10%) [15].

As already mentioned, TET are characterized by histological heterogeneity, and it
is observed that most patients are refractory to immunotherapy because of primary or
acquired resistance [19,20]. Contrary to standard cytotoxic therapy, the therapeutic action
of immunotherapy agents occurs by triggering the anti-tumor immune reaction, which is
based on the immunoregulative process that occurs between cancer cells and the TME [19].
Therefore, to help guide the selection of patients who could benefit from this kind of treat-
ment and optimize its outcomes, more specific biomarkers and more pertinent predictive
elements for identifying these patients who will potentially respond to these therapeutic
modalities are required [19]. Su et al. established an immune-related long noncoding
RNAs (IRLs) classifier to accurately identify the response of patients suffering from TET.
According to the authors, long non-coding RNAs (LncRNAs) can modulate the immune
response by managing the homeostasis, TME, anti-inflammatory factors, and immune
cell function [19].

Another issue that needs to be taken into account is the absence of standard actionable
mutations, which is the main reason for the lack of effective targeted therapies in TET [18,19].
However, high expression of PD-L1 on tumor cells and abundant CD8+ lymphocytes
provide a strong basis for the administration of ICI, which target the PD-1/PD-L1 pathway
in the case of TET. Two phase II trials evaluated the efficacy of pembrolizumab (PD-1
inhibitor) in patients with recurrent TET. Giaccone et al. investigated thymic carcinoma
cases and reported a response rate of 22.5%. Cho et al. evaluated patients with thymomas
and thymic carcinomas, and they reported response rates of 28.6% and 19.2%, respectively.
The incidence of adverse events was elevated in thymoma compared to thymic carcinoma
(71.4% v 15.4%, respectively) [12,13,21]. Both trials identified an association of high PD-L1
expression with enhanced oncological response, but did not associate PD-L1 expression
to adverse events. For those reasons, the development of pertinent biomarkers that could
select patients eligible for this treatment is of paramount importance.

3.2. The Impact of PD-L1 Expression and the Presence of Different Cell Types in the TME of TET

PD-L1 is an immunomodulatory glycoprotein expressed on antigen-presenting cells.
PD-L1 binds to the PD-1 receptor, which is expressed on the surface of T cells, and plays
an important role in immune response modulation through the suppression of cytokine
production, T-cell proliferation, and T-cell adhesion [11,22-26]. In general, the TME of sub-
types A, AB, B1, and B2 thymomas is infiltrated mainly by immature T-cells (CD4+ CD8+),
which means that their immune status simulates the normal thymocytes [27]. In the case
of advanced WHO histological types (B3 thymomas and thymic carcinomas), there are
fully differentiated cytotoxic T-cells. On the contrary, the role of B-cells is largely unknown.
They are present in a minority of thymomas, but their role is clearer in the development of
autoimmune conditions [28].

Arbour et al. investigated the expression of PD-L1 in the membrane of tumor cells,
CD3+ and CD8+ tumor-infiltrating lymphocytes (TILs), co-stimulatory such as CD137,
glucocorticoid-induced TNFR-related protein (GITR) and inducible T cell costimulator
(ICOS), and co-inhibitory immune checkpoint molecules (PD-1, CTLA-4, and T cell im-
munoglobulin and mucin-domain-containing protein, TIM-3) in tissue samples from
23 patients with TET (12 thymomas and 11 thymic carcinomas) [11]. PD-L1 positivity
(>25% of tumor membrane expression) was frequent in TET (65%), more common in
thymomas compared to thymic carcinomas, and associated with longer OS compared to
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PD-L1 negative tumors [median OS (mOS) 87 months versus 29 months]. The difference in
PD-L1 positivity between primary and metastatic tumors was not significant. All tumors
contained TILs. TIM-3 was expressed in all TET. Moderate and high TIM-3 expression was
observed in 73% of cases. All TET expressed GITR. Moderate and high expression was
observed less frequently (52% of cases). Expression of ICOS and CTLA-4 was observed in
91% of cases. Their frequency of moderate and high expression was comparable to those of
GITR. In cases where CD3+ TILs (IHC2 or 3 compared to IHC1) were moderately or highly
present, then the OS was increased (mOS 80 months versus 43 months). In contrast, the
presence of CD8+ TILs did not impact the OS. According to the authors, PD-L1 expression
could be considered as a surrogate marker for an “inflamed” TME, which results in an
effective host response to the tumor and prolonged survival because of native anti-tumor
immunity [11].

Inhibitors of PD-1/PD-L1, such as pembrolizumab and nivolumab, act by decreasing
the immune escape of tumor cells. Rajan et al. studied the treatment of advanced-stage
thymomas by administrating the PD-L1 antibody avelumab. The study demonstrated a
contrast of immune cell subgroups between patients that responded to treatment compared
to those that did not. More specifically, patients with a response to treatment had decreased
proportions of regulatory dendritic cells, T cells, B cells, and natural killer cells prior
to treatment [26].

Yokoyama et al. analyzed 44 cases of thymomas. They demonstrated that high PD-L1
expression was statistically associated with advanced Masaoka stages III/IV and WHO
histological types (type B2 or B3 thymoma). Disease-free survival after complete resection
in high PD-L1 expression was significantly worse than in low PD-L1 expression, although
there was no significant difference in OS. According to the authors, high PD-L1 expression
was qualified as an independent risk factor for recurrence [22].

Moderate to high TIM-3 expression was found in the majority of TET; however,
no association with high PD-L1 expression was observed. TIM-3 could be a promising
therapeutic target because of its synergistic action together with anti-PD-1/PD-L1 blockade.
This combined action could be the basis for future development of targeted therapies [29].
In addition, other potential targets that demonstrated moderate to high expression in this
cohort are CTLA4 (52%), GITR (52%), ICOS (48%), and CD137 (54%). Increased expression
of CD137 was commonly combined with a high presence of CD8+ TILs. In particular,
CD137 inhibition represents an interesting field of research. Its combination with PD-1
blockade showed encouraging results in patients suffering from melanoma (response rate
50%, without any difference in terms of PD-L1 expression in the tumor) [30].

Hou et al. analyzed the TME of 21 TET by using RNA sequencing and whole exome
sequencing in order to identify potential prognostic factors [9]. The immune score of
thymic carcinomas presented no significant difference compared to thymomas. In addition,
type A thymoma and thymic carcinoma had immune scores that were significantly lower
than those of other subtypes. In contrast, thymic carcinomas had a stromal score that was
significantly higher compared to thymomas. The extent of immune cell infiltration was
higher in thymoma in comparison with thymic carcinoma. The predominant types of cells
were those with antitumor function (such as activated CD+8 T cells, activated dendritic cells,
etc.). Among cytokines involved in immune response, TNF Receptor Superfamily Member
14 (TNFRSF14) and high mobility group box 1 (HMGB1) were pro-inflammatory genes.
HMGB1 showed higher expression in type A, B1, and B2 of thymomas compared to thymic
carcinomas. In the case of the lower expression extent of HMGB1, the OS was significantly
worse. Several studies have demonstrated that higher immune/stromal scores resulted in a
better prognosis for various types of human solid malignant tumors, such as hepatocellular
carcinoma, pancreatic cancer, melanoma, and lung cancer [31]. However, in the particular
case of TET, stromal scores were not correlated with the immune scores, and a lower level
of stromal score was found in thymoma than in thymic carcinoma. The fundamental reason
is to a great degree unknown, but a possible explication could be the complexity of thymic
TME, especially the immune environment, and even more complicated parameters might
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need to be taken into account before considering the administration of immunotherapy
agents in TET.

HMGB] is secreted by damaged or necrotic cells and acts as a damage-associated
molecular sign that alerts and activates the innate immune system. Activated immune
cells and endothelial cells also release HMGBI, resulting in the discharge of supplementary
pro-inflammatory messengers. The capacity of HMGBI to react to cellular stress signals and
preserve lasting inflammatory process may prevent cancerogenesis and tumor growth [32].

In the study of Yang et al., 29 types of immune factors in the TME were identi-
fied, including dendritic cells (DC), antigen-presenting cells (APC) co-inhibition, APC
co-stimulation, B cells, CC chemokine receptors (CCR), CD8+ T cells, checkpoint, cytolytic
activity, HLA, inflammatory cells, macrophages, mast cells, MHC class I, neutrophils, natu-
ral killer (NK) cells, para-inflammation, T-cell co-inhibition, T-cell co-stimulation, T helper
cells (T follicular helper cells, type 1 T helper cells, type 2 T helper cells), TILs, regulatory T
cells (Treg), type I interferon (IFN) response, and type II IFN response. Specimens from
thymomas were classified into different immunotypes (A and B) according to immune cell
infiltration. The immunotype A group contained a higher proportion of immune factors,
such as neutrophils, Th2 cells, TILs, iDCs, and CD8+ T cells, than did the immunotype B
group. The immunotype B group consisted of more immune factors, such as macrophages,
NK cells, Treg, Type II IEN response, and aDCs, compared to the immunotype A group.
Furthermore, the survival analysis revealed that the immunotype A group resulted in
significantly better survival [33].

It is also noteworthy that treatments targeting the immune cells in the TME and aiming
to re-initiate the innate immune system (macrophage therapies, DC therapies, etc.) are not
the subject of research in the field of TET, in contrast to other malignancies [2].

3.3. Tumor Mutational Burden (TMB) and Immune Infiltration

Tumor mutational burden (TMB) and immune infiltration are critical elements of
cancerogenesis [34]. TMB is defined as the amount of gene mutation that occurs in the
genome of a cancer cell. Consequently, TMB can be a marker of the capacity of tumors to
produce new antigens [34]. An elevated TMB is responsible for the production of more
antigens, and, therefore, the capacity of the tumor to provoke an immune response is
increased. As a result, the T cell response and anti-tumor response is stronger, and, thus,
the tumor is more suitable for immunotherapy treatment, and the benefit from ICI treatment
is more probable [35,36]. TMB could eventually predict the effect of immunotherapy. In the
study of Wang et al., the TET samples were classified according to the median value into low-
and high-TMB groups. It was demonstrated that there is a significant association between
TMB and more advanced clinical stage (Masaoka-Koga), more advanced pathological type,
and increased patient age. In contrast, no notable difference in terms of PD-L1 expression
was observed between the two groups. The long-term prognosis of high-TMB patients was
significantly lower compared to the low-TMB group. The low- and high-TMB groups also
presented significant dissimilarities in terms of infiltration levels of plasma cells, activated
NK cells, macrophages, resting mast cells, activated mast cells, neutrophils, T cells CD4
naive, regulatory T cells, naive B cells, and B cell memory [37]. Increased CD8+ and CD20+
in tumor islets and in stroma that surrounds cancer cells, decreased CD204+ in tumor
islets, high Forkhead box P3+ (FOXP3+), increased presence of CD8+/CD204+, and high
CD20+/CD204+ in stroma are considered predictive factors of tumor recurrence in the
study of Sato et al., who investigated the evolution of thymic carcinomas [38].

3.4. Tumor-Associated Macrophages (TAMs)

As already mentioned, the TME contains malignant cells, immune cells, mesenchymal
cells, and ECM with different functions, and plays a crucial role in the different stages
of tumor growth, invasion, and metastasis. Tumor-associated macrophages (TAMs) are
a subtype of immune cells that infiltrate tumor tissues, and, thus, they are abundantly
present in the TME. In the study of Wang et al., the cluster with a high TMB had increased
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macrophage presence [34]. M1 is considered to be capable of eliminating bacteria and tumor
cells, and can release many different proinflammatory cytokines. In contrast, M2 inhibits
the immune response and promotes angiogenesis and tissue remodeling [39]. Thymic
carcinoma hosts an increased proportion of CD163+ compared to thymomas. It is also
demonstrated that TAMs can secrete different factors, such as epidermal growth factor
(EGF) and transforming growth factor beta 1 (TGF-B1), that promote cell proliferation
and survival [40]. Consequently, TAMs are necessary for the growth of many tumor
types. In addition, TAMs have a major role in tumor invasiveness because they stimulate
the overexpression of proteolytic enzymes, plasmin, matrix metalloproteinases (MMPs),
urokinase-type plasminogen activator (uPA), and their receptors. As a result, tumor cells
are capable of degrading the extracellular matrix, destroying the basement membrane, and
invading the surrounding tissue [41]. Other studies have demonstrated that the activation
of the phosphatidylinositol-3-kinase/mammalian target of rapamycin (PI3K/mTOR) signal
transduction pathway can result in M2 polarization of macrophages, while inhibition of the
same pathway leads to M1 polarization [42,43]. Therefore, the associations among TAMs,
TMB, and long-term prognosis could be the basis of further investigation.

3.5. The Heat Shock Protein 27 and 70 (HSP27 and 70) Expression

Heat Shock Proteins (HSP) have anti-apoptotic properties and, thus, effectuate a key
action in tumor initiation, survival, and metastasis [44—48]. These are proteins that exist in
almost all types of nucleated cells, and they are expressed in many types of malignancies,
such as colon cancer, prostate cancer, hepatocellular carcinoma, lung cancer, and oral
squamous cell carcinoma. The overexpression of HSP in cancer cells also accounts for
resistance to chemotherapy, metastatic potential, and poor survival [44—49]. Janik et al.
investigated the expression of HSP27 and 70 in 101 patients with TET [49]. HSP27 and
70 were both expressed in endothelial cells, fibroblasts, adipocytes, and macrophages,
but were absent in lymphocytes. The strongest HSP70 expression in cells of the TME
was observed in macrophages, especially in type AB thymomas. In contrast, the lowest
HSP70 expression in fibroblasts was found in type B3 thymomas, and it was significantly
weaker compared to fibroblasts of the TME in type AB thymomas. HSP70 expression in the
cytoplasm of TET was higher than in stromal cells. However, the expression of HSP27 in
stromal cells was significantly higher compared to HSP70.

The main action of extracellular HSP27 and 70 is to provide danger signals, resulting
in a long-term inflammatory TME that promotes cancer progression and invasion. These
proteins could be a potential target for the development of anticancer therapies. More
specifically, investigation of HSP90 inhibitors is ongoing, both in the preclinical and clinical
setting, with promising results (especially when combined with other antineoplastic regi-
mens), even if the detailed modes of their action are largely unknown. However, it must be
taken into consideration that administration of HSP inhibitors showed substantial adverse
effects. According to researchers, the toxicity of HSP inhibitors is the result of their targeting
the basic and fundamental expression of HSP in the rest of the organism. They suggest that
a combination of HSP inhibitors can decrease drug resistance and toxicity [37,50].

3.6. Fibronectin

Fibronectin (FN) is an attractive target of the stroma. It is a protein that is profusely
expressed on blood neo-vessels of cancer tissues [51]. FN is considered to be undetectable
in adult healthy tissues, apart from specific conditions, such as tissue remodeling and
repair, fibrosis, and cell migration [52,53]. The extra-domain B fibronectin (ED-B FN)
is abundantly expressed in TET, with a predominant expression in the stromal cells of
the thymoma microenvironment [53]. Petrini et al. selected 11 patients with recurrent
TET enrolled in a prospective theragnostic phase 1/1I trials with radretumab, an ED-B
FN specific recombinant human antibody. Radretumab radioimmunotherapy (R-RIT)
was administered to eligible patients. High ED-B EN expression of the target in the
peripherical microenvironment was confirmed by immunohistochemistry. The target was
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more abundantly expressed in B3 thymomas. According to the authors, thymomas induce
stromal cells to shift FN production to the ED-B subtype, which is a crucial step for tumor
progression and spread. However, despite the demonstration of the target expression, the
R-RIT proved to be inefficacious in terms of objective responses. As the authors advocate,
one of the major obstacles in developing a TME-specific treatment strategy is the presence
of tumor heterogeneity [53].

3.7. SOX (SRY-Related High-Mobility Group Box) 9

SOX9 is an HMG-box transcription factor in the SOX family of proteins, and it plays a
key role in tumor development and progression, including tumor initiation, TME regulation,
metastasis, and drug resistance [54-57]. Yuan et al. used the immunohistochemistry method
to demonstrate that SOX9 was profusely expressed in the epithelial thymic cells, especially
in the epithelial cells of Hassall’s corpuscles. Moreover, SOX9 was largely expressed in the
nuclei of TET tumor cells, and, according to the authors, it could be a diagnostic marker for
thymomas [54]. Additionally, high expression of SOX9 was observed in 70% of type A, 50%
of type AB, 22.22% of type B2 thymomas, and 45% of thymic carcinomas cases. Moreover, it
was revealed that patients with increased SOX9 expression had shorter mOS. The authors
advocate that SOX9 expression is correlated with the histological type of thymomas, and,
consequently, it could be a dismal prognostic marker for thymomas. In conclusion, the
authors suggest that SOX9 expression might be associated with an immune suppressive
microenvironment of thymomas.

4. Discussion

TET is a group of rare neoplasms. However, they are the more frequent tumors of the
prevascular mediastinum [7]. They are characterized by histological heterogeneity. Their
rarity and heterogeneity are the main obstacles in the complete understanding of their
molecular basis because the conduction of large-scale studies is difficult. For the same
reason, the available body of literature consists of mainly retrospective studies that contain
variable proportions of each histological type, requiring caution while interpreting the
provided results. This review paper demonstrated that the understanding of the TME of
TET has many clinical implications. The development of novel targeted therapies could
lead to a paradigm shift in the treatment of advanced TET, for which cisplatin-based
combination chemotherapy remains the treatment of first choice, without standard second-
line treatment. Unfortunately, as already demonstrated, the complex function of the thymus
and its key role in immunity inhibits the routine use of ICI.

The TME is a complex structure containing many different elements that are in a
continuous dynamic state. The main elements of the TME are demonstrated in a simple
presentation in Figure 1. Every element of the TME has a unique function that is essential
in tumor genesis, survival, and spread. For example, the fibroblasts of the TME are called
cancer-associated fibroblasts, and they imitate the function of normal cells, which means
they produce and install ECM [58]. The endothelial cells, by secreting their growth factors,
construct the network of neo-vessels, which are essential for the delivery of oxygen to the
tumor [59]. As already mentioned, the immune cells can have a favorable effect in tumor
genesis and progression, while others can have anti-tumoral functions. This dynamic state
and equilibrium in the TME could, however, twist the balance to one or the other side,
resulting, therefore, in tumor evolution or suppression [27]. From all the above, it is obvious
that the TME of TET represents a wide field, where more research is warranted in order to
draw pertinent conclusions concerning the predictive role of each element that is described.
A summary of different prognostic factors, as identified by this review, is demonstrated in
Table 1. As already mentioned, there is still some controversy concerning some of these
factors, and, therefore, their real predictive role is questioned. For all the above reasons, the
development of national and international databases containing not only clinical, but also
molecular data could enhance the available body of literature and expand knowledge and
understanding of this complex group of tumors.
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Figure 1. The main elements of the TME and their interaction.

Table 1. Elements of the tumor microenvironment of thymic epithelial tumors associated with
favorable and dismal prognosis.

Favorable Prognosis

High PD-L1 expression on tumor cells (controversial) [11]
Moderate and high levels of CD3+ TILs (IHC2 or 3 vs IHC1) [11]
Higher proportion of neutrophils, Th2 cells, TILs, iDCs, CD8+ T cells [31]

Dismal Prognosis

High PD-L1 expression on tumor cells (controversial) [16]

Lower expression level of HMGB1 [9]

Higher proportion of immune macrophages, NK cells, Treg, Type II IFN response, and aDCs [31]

High tumor mutational burden [35]

Tumor-associated macrophages (further investigation is needed) [38—42]

HSP27 and 70 expression [42-47]

High SOX9 expression [52]
PD-L1: programmed death ligand 1, TILs: tumor infiltrating lymphocytes, Th2 cells: T helper 2 cells, iDCs:
immature dendritic cells, HMGB1: high mobility group box 1, NK cells: natural killer cells, Treg: T regulatory cells,
aDCs: activated dendritic cells, HSP27 and 70: Heat Shock Protein 27 and 70, SOX9: SRY-related high-mobility
group box 9.

5. Conclusions

Recently, cancer treatment started shifting towards molecular-targeted therapies. Nev-
ertheless, the rarity and histological heterogeneity of TET constitute an obstacle in the
development of new treatments, and, therefore, cytotoxic chemotherapy remains the sys-
temic treatment of choice for advanced and unresectable tumors. Cancer progression is a
complex process, during which an interaction between the tumor and its surrounding envi-
ronment takes place. In-depth research and understanding of the unique characteristics of
TME of TET will guide the development of new therapies. Cellular therapies may represent
a fascinating field of research, because one of the main ways that cancers spread is through
reprogramming innate immune cells to stimulate tumor growth and survival. Consequently,
reinitiating the innate immune system is a potentially important approach to improve pa-



Cancers 2022, 14, 6082 9of 11

tient outcomes. However, the development of pertinent biomarkers will allow the selection
of patients who could benefit from the administration of immunotherapy agents.
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