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1. Introduction

Cancer is the leading cause of death worldwide, which
has reduced the quality of life [1]. The Global Cancer
Observatory (GLOBOCAN) 2022 revealed about 20 million new
cancer cases and nearly 10 million cancer fatalities [2]. The
main cancer treatments are chemotherapy, radiation therapy,
cryoablation, and surgical procedures. Pioneering treatments
like precision therapy and immunotherapy target tumor cells
with minimal side effects without affecting non-cancerous
cells [3]. Cancer immunotherapy majorly modifies the tumor
immune microenvironment (TIME), which enables immune
cells to combat cancer cells [4]. Therefore, understanding the
mechanisms of how the immune system evades cancer cells
is crucial in recent cancer treatment. Some immunotherapy
approaches employed in cancer treatment are immune
checkpoint inhibitors (ICI), oncolytic virotherapy, adoptive cell
therapy, cancer vaccines, and pericyte therapy [5,6].

Cancer immunomodulation has recently advanced cancer
research using exovesicles or extracellular vesicles (EVs).
EVs are a collection of particles enclosed in a phospholipid
bilayer membrane, released by cells into the intercellular
space [7]. Prokaryotic and eukaryotic cells shed EVs. EVs
are classified based on their sources, size, characteristics,
formation, and functions, namely exosomes, microvesicles
(MVs), and apoptotic bodies (apoptotic EVs) [8-10]. These
vesicles facilitate cellular interactions in standard and
pathological conditions by transferring various biological
materials, such as nucleic acids, lipids, and proteins from
different cell types [7,8,11,12]. Furthermore, EVs emitted from
cancer cells impede the effectiveness of immunotherapy
and undermine immune responses against cancer. On
the contrary, EVs from immunocytes trigger anticancer
immune responses by transporting cancer-specific antigens
and different stress proteins. However, EVs can either
boost or hinder anticancer immunity within the tumor
microenvironment (TME) [7].

EV-based therapies have been developed to counter
immune evasion due to the protumorigenic effect stimulated
by the TME. These approaches focus on inhibiting the
production of EVs by cancer cells or utilizing EVs released
naturally by immune cells [7]. EVs can also serve as drug
carriers in cancer treatment by modifying their content
or surface with therapeutic agents. This allows them to
target cancer and immune cells, producing potent anticancer
immune responses [13]. Preliminary studies have shown that
engineered EVs can activate T lymphocytes and macrophage
responses, reducing cancer progression [7]. This review
explores the role of EVs in immunotherapy and as cargo in
cancer immunoregulation. It also provides an overview of
EV biology and its functions. In conclusion, we examine the
potential role of EVs in immunotherapy and the challenges in
clinical practice.

2. EVs: definition and origins

Recently, there has been increasing interest in understanding
EVs’ generation, role, and potential, although their metabolic

byproducts have often led to limited interest [14]. To
improve the isolation and classification of different EV
types, the International Society for Extracellular Vesicles
(ISEV) introduced the Minimal Information for Studies
of Extracellular Vesicles (MISEV) guidelines in 2014 and
subsequently updated in 2018 and 2023. EV production can
be affected by external stimuli, regulation of EV biogenesis,
and innovative culture systems. Hence, optimizing the culture
conditions and combining EVs with synthetic liposomes could
improve the yield [15].

2.1.  Exosome (Exo)

In the 1980s, Exos were identified as substances secreted by
various cultured cells, typically ranging in size from 30 to
150 nm [16-20]. This secretion occurs when multivesicular
bodies (MVBs) fuse through the inward budding of the
plasma membrane, releasing contents that include enzymes
to break down 5'-ribonucleotides into ribonucleosides and
orthophosphate, resulting in the development of intraluminal
vesicles (ILVs) (Fig. 1). After this process, ILVs fuse with
the cell membrane, enabling the release of Exos into
the extracellular environment [21,22]. However, in the late
1980s, smaller vesicles with 30 to 100 nm diameter were
from endosomes and released during the maturation of
reticulocytes [22]. Later in the 20th century, studies showed
that B lymphocytes and dendritic cells (DCs) also release
similar vesicles originating from endosomes [21]. This
demonstrated the role of Exos in immune surveillance
and anti-tumor immunomodulation [23]. The membrane of
Exos is composed of various phospholipids and proteins
derived from the parent cell, including carrier proteins,
stress proteins, and tetraspanins [24,25]. It also possesses a
globular or cup-like morphology [8,24]. Recent advancements
in cytoplasmic membrane research uncovered that Exos play
roles beyond simple waste transport [14]. The endosomal
sorting complex required for transport (ESCRT)-dependent
mechanisms and alternative pathways are used to generate
Exos [26,27].

2.1.1. ESCRT-dependent Exo biogenesis

ESCRT-dependent pathway is the primary mechanism for
Exo production. This pathway involves ESCRT-0, -I, -II
and -III, as well as endosomal membrane deubiquitinases
[26]. For instance, studies have shown that HGS (ESCRT-
0) is essential for generating Exos. Meanwhile, GPR143 is
crucial in regulating the ESCRT-dependent Exo biogenesis
pathway. It impacts selective protein sorting and influences
cancer cell motility and metastasis via the integrin/FAK/Src
pathway, highlighting its importance in cancer progression
[28].

2.1.2. Alternative pathways of Exo biogenesis

Exos can be formed through G-proteins like the Ras
superfamily, ADP ribosylation factor 6 (ARF6), the enzyme
phospholipase D2 (PLD2), and the syndecan-binding
protein syntenin processes [29]. Recent studies indicate
that alternative pathways, including autophagy-dependent
secretome and amphisome formation, are essential for Exo
biogenesis. These pathways present potential therapeutic
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Fig. 1 - Process of EV formation and release from a source cell. Exos (40 to 160 nm) are released when MVBs fuse with the
plasma membrane. MVs (100 to 1,000 nm) form directly from the plasma membrane, containing proteins and RNAs.
Apoptotic bodies (1,000 to 5,000 nm) are produced during apoptosis and contain DNA fragments.

targets for altering cellular secretion profiles in various
diseases [30]. Additionally, some Exos can be released through
budding at the cell surface membrane without involving the
Rab family [31].

2.2. Microvesicle

Microvesicles (MVs), also known as platelet dust, are platelet-
derived particles found in healthy blood plasma and serum
[23]. They are membrane-bound vesicles that blebbed from
the cell membrane before being released into the extracellular
space (Fig. 1). The diameter of MVs ranges from 100 nm to
1,000 nm, whereas oncosomes or oncogenic EVs can reach
sizes of up to 10,000 nm [22,24]. MVs are found in various
biofluids such as circulatory fluid, renal excretion, joint fluid,
and bodily fluids in healthy and diseased states [24]. The
generation of MVs involves phospholipid rearrangement,
including phosphatidylserine (PS) externalization and
activation of the contractile apparatus, while their shedding
is stimulated by external factors [31]. For example, the
biogenesis of MVs is triggered by the influx of calcium ions
(Ca?t) and an increase in cytosolic Ca®* levels [31,32]. It
activates the phospholipid transporter scramblase and the
cysteine proteinase calpain [32]. Meanwhile, scramblase
activity causes the translocation of phospholipids within
the cytoplasmic membrane, while intracellular Ca?t-
dependent calpain activity leads to the breakdown of
various proteins, further facilitating MVs blebbing [31,32].
This results in the fusion of proteins from the cytoplasmic
membrane to the protruding MVs while the molecules
on the cell membrane become encapsulated within the
MVs [33].

2.3.  Apoptotic body

Apoptotic body (Apo-EVs), a subcategory of EVs, are 1,000 to
5,000 nm in size [32]. These vesicles are produced during
apoptosis and may contain fragmented intracellular
organelles and nuclear components (Fig. 1) [33]. The
membrane composition of Apo-EVs reflects the changes
that occur on the surface of the parent cells during apoptosis
[32]. Macrophages clear most Apo-EVs. Previous studies
suggest that those escaping phagocytosis can transmit
information to nearby or distant cells [33].

2.4. EV cargo

EVs encapsulate and transport components, including
proteins, lipids, nucleic acids, metabolites, and non-coding
RNAs. The composition and quantity of these contents
influence EV formation and secretion [22]. Notably, EVs
contain proteins that govern their biosynthesis process,
proteins like ESCRT-related proteins such as
susceptibility gene 101 (TSG101) and apoptosis-linked gene
2-interacting protein X (ALIX) (Fig. 2) [31]. Meanwhile, EV
generation and secretion proteins, including small GTP-
binding proteins like Ras-related protein Rab-27A (Rab27A),
Ras-related protein Rab-11B (Rab11B) and ARF® [31]. In
addition, cell membrane proteins, specifically tetraspanins
like tetraspanin 30, tetraspanin 28 and tetraspanin 29, along
with cell-signaling proteins [e.g., epidermal growth factor
receptor (EGFR), major histocompatibility complex class I/II
(MHC I/1)], and other membrane-associated proteins like
CD107a (Lysosome-associated membrane glycoprotein 1) and
CD71(Transferrin receptor protein 1), are commonly found in

tumor
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Fig. 2 - Composition and structural components of EVs. EVs have various components: nuclear acids such as snoDNA,
mtRNA, cfDNA, mRNA, tRNA, IncRNA, miDNA and rRNA,; a bilayer lipid membrane comprising sphingomyelin, ceramide,
phospholipids, ganglioside GM3, diglycerides, phosphatidylcholine, phosphatidylserine, phosphatidylethanolamine,
phosphatidylinositol, cholesterol and polyglycerophospholipids. Structural components include proteins/peptides,
cytoskeletal molecules, and minerals. It also features signaling proteins like EGFR and cytokines such as ILs and TNF-«,
with key proteins including TSG101, Flotillin, ALIX, Rab GTPases and HSP90/70.

EV [31,34]. The lipid composition of EVs closely resembles the
parent cells in which they are derived. However, prior studies
have suggested that different categories of EVs are uniquely
associated with specific lipids. Lipids such as sphingomyelin,
cholesterol, hematoside, unsaturated fatty acids, PS, and
ceramide are in high concentrations within EVs [31]. EVs also
contain a diverse array of genetic materials, including nuclear
DNA, mitochondrial DNA (mtDNA), ribosomal RNAs, transfer
RNAs, messenger RNAs (mRNAs), microRNAs (miRNAs), small
non-coding RNAs, long and small untranslated RNAs, piRNAs,
VtRNA and Y RNA [31].

2.5. Functions

EVs play a vital role in biological processes by delivering
proteins and lipids that activate receptors on target
cell membranes, facilitating fusion with the target cell’s
cytoplasmic membrane. This process enables the transfer of
various elements, including sequence-specific DNA-binding
factors, transforming genes, long and small untranslated
RNAs, mRNAs, and infectious agents into the recipient
cells [35]. Through these mechanisms, EVs play a role in
maintaining normal physiological functions, including

stem cell retention, tissue repair, immune surveillance,
physiological neovascularization, and natural hemostatic
processes [32,35]. EVs can be considered signalosomes
because of their intricate signaling entities that govern
critical cellular and bodily processes. In addition, EVs
contribute to cancer development due to their pivotal role
in regulating biological phenomena. These signaling effects
of EVs imply that they may inherently offer therapeutic
potential, particularly in immunotherapy, because of their
wide range of mechanisms [35].

3. EVs isolation and characterization
3.1. EVs isolation

Despite extensive studies on EVs, standardized procedures
for their collection, separation, and preservation are still
lacking. Several strategies exist for isolating EVs, but the
diminutive diameters complicate the purification procedure.
EV separation methods exhibit inherent tendencies to specific
EV subpopulations or risk contamination with co-isolated
materials [36]. For instance, because thrombocytes and
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Table 1 - The pros and cons of each EV isolation methods.

Isolation method Advantages Disadvantages Ref.
Differential High purity Time-intensive [36,41]
ultracentrifugation Low yield of EVs
Requirement specialized ultracentrifuge
Induction of physical damage to EVs
Polymer-based User friendly Low purity [36,47]
precipitation Cost-efficient Difficulty of eliminatingpreparationreagents
High EVs recovery from the final preparation
Straightforward implementation
Immunoaffinity capture Isolation of EV subpopulations with Elimination of EVs that do not exhibit the
remarkable specificity specific marker [36,38,41,47]
Challenging in the removal of bound antibodies
Expensive
Low yield of EVs
Time-intensive
Size exclusion Preservation of EV function and structure Requirement for manual collection [41,45]

Narrower size distribution of isolated EVs
Short duration of sample processing
High EVs recovery

Good purity

chromatography

Dilution of the purified sample

There is no risk of contamination from particles
with similar densities.

Long isolation duration

Selection of EVs of specific sizes over others

lipoproteins in plasma and serum display similar EV sizes and
densities, there are no techniques to completely isolate all EVs
or their subpopulations without contaminants [37]. Moreover,
there is a significant difference between these techniques
based on duration, complexity, and necessity for specific
instruments and expert skills [37]. Therefore, various methods
produce varying outcomes regarding yield, purification, and
compatibility for future usage. The physical and biochemical
factors used in isolating EVs are diameter, density, charge, and
specific biomarkers [36]. Different techniques for EV isolation
have been employed, such as differential ultracentrifugation,
Polymer-Based Precipitation, Immunoaffinity capture, and
size exclusion chromatography (Table 1) [32,38].

3.1.1. Differential ultracentrifugation

Differential ultracentrifugation represents the initial
technique employed to isolate EVs from biological fluids
and cell culture medium [38]. This technique is based on the
isolated EVs’ density, size and shape. The main principle of
this method is that larger and denser particles sediment out
first, enabling the effective fractionation and purification of
the target EV populations [39,40]. This technique entails a
series of centrifugation steps using different centrifugal forces
to facilitate the isolation of particles [38]. Since centrifugation
relies on density as the fundamental principle for particle
isolation, the pellet obtained from this process contains EVs
and contaminations exhibiting equivalent densities. The
contaminations may include viruses, proteins, lipoproteins,
and cell residue removed by low-speed pre-centrifugation.
Followed by vesicle isolation using centrifugal forces between
19,000 and 100,000 xg [38]. This approach is inadequate
for recovering EVs from highly viscous biological fluids like
plasma [41].

3.1.2.  Polymer-based precipitation
The polymeric precipitation process is a phase separation
via ultracentrifugation based on the interaction between the

samples and the reagents, where the less soluble elements
aggregate to form sediments. However, the high centrifugal
forces of ~1,500 g could negatively impact the integrity
of EVs. On the other hand, the co-isolation of EVs with
unwanted proteins during polymer-based precipitation could
result in impurities from the pellets [42]. For instance,
coagulation factor I, commonly referred to as fibrinogen,
is a plasma component that can compromise the purity
of isolated EVs from plasma. However, adding thrombin,
followed by centrifugation, can alleviate impurities [43]. In
addition, polymer-based precipitation techniques have led to
the detection of serum albumin and Apoproteins E in isolated
EVs [44].

3.1.3. Immunodffinity capture

The isolation method based on immune capture relies on the
EV surface antigen [39]. This technique fundamentally
employs antibodies for identifying EV receptors or
biomarkers, including tetraspanins (e.g., tetraspanin 29,
tetraspanin 30 and tetraspanin 28), stress proteins, and MHC
proteins. This involves the binding of antibodies to specific
surface antigens. For example, to improve blood EV purity,
the immune-depletion approach removes serum, plasma
proteins, and lipoproteins [41]. The significant advantage of
this method is the potential to isolate EVs from a particular
source. In clinical conditions such as heart diseases or cancers,
the immunoaffinity capture technique can separate targeted
cells/tissue EVs by identifying specialized markers on those
cells or tissues. Assays like enzyme-linked immunosorbent
assay (ELISA) and magneto-immunoprecipitation are used
[36].

3.1.4. Size exclusion chromatography

Size exclusion chromatography is a method that isolates
EVs according to their size, eliminating the need for
ultracentrifugation [45]. Size-based isolation techniques
use ultrafiltration, Exo isolation kits, chromatography, and
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hydrostatic filtration dialysis [46]. During this procedure,
EVs traverse a column containing a porous stationary
phase that captures smaller components. Consequently,
this configuration enables more prominent entities like
EVs to exit more quickly than smaller constitutes. This
technique preserves EVs while facilitating EVs’ separation
from a substantial protein background [45]. Size exclusion
chromatography offers a more rapid and straightforward
process than differential ultracentrifugation [47]. Additionally,
Size exclusion chromatography has fewer co-separated
contaminants  than  precipitation-based  techniques,
primarily eliminating high-density lipoprotein (HDL) and big
multiprotein complexes that are not EVs [38,47]. Nevertheless,
instances of minimal amounts of albumin and various
lipoproteins comparable in size to EVs (such as low-density
lipoproteins (LDLs), intermediate-density lipoproteins (IDLs),
very-low-density lipoproteins (VLDLs), lipoprotein(a) (Lp(a)),
and chylomicrons) within blood EV isolates have been
documented [38].

3.2. EV characterization

The characterization of EVs involves physical and biochemical
approaches.

3.2.1. Physical characterization

Nanoparticle tracking analysis (NTA) measures the size
and concentration of EVs using an optical microscope.
This device irradiates the sample with laser light, and the
light scattering from EV movement correlates with EV size.
Modern NTA devices can measure particle motion in an
electric field, enabling the calculation of zeta potential (an
indicator of particle surface charge) [48]. Another approach
for EV characterization is single particle interferometric
reflectance imaging (SP-IRIS), a new optics-based approach.
Measurements produced by SP-IRIS are more reliable than
NTA. Furthermore, resistive pulse sensing (RPS) is also a
method for characterizing EVs through size, count, and
surface charge, while flow cytometry (FCM) enhances our
understanding of EV biology.

3.2.2. Biochemical characterization

Biochemical characterization involves antibody affinity
labeling, nucleic acid sequencing (NA-Seq), and mass
spectrometry (MS). NA-seq methods characterize EVs in
the context of RNA transport by identifying and quantifying
RNA species packaged in EVs. Meanwhile, MS analyses
characterize lipid and protein components of EVs. Antibody
affinity labeling analyzes EV content and cell-derived EVs
[49].

4. Unique properties of EVs in cancer
immunity

The function of EVs in cancer immunology is complex
and dynamic, and it involves cancer-specific antigens and
the activation of anti-cancer immune responses. Given the
complexity of the TME, EVs can either promote or suppress
tumor progression, depending on their specific roles [50].

For instance, targeting EV mechanisms or their components
could be a promising strategy for developing anti-tumor
therapies due to the higher EV released by tumor cells
than non-tumor cells. EVs can suppress tumor progression
by regulating immune cells in the TME. EVs also enable
leukocyte communication by regulating immune responses
against tumors [51]. Furthermore, Exos from mast cells
indirectly stimulate B and T lymphocytes by influencing
the differentiation of DCs [50]. Meanwhile, EV dysregulation
promotes tumor content release, mediating communication
between cancer cells, the TME, and distant metastatic sites
[51].

Exos play a crucial role in regulating anti-cancer immune
responses. EVs can be anti-cancer vaccines developed from
immune cells like DCs that activate immune responses
against tumors [52]. Cancer-derived Exos contain heat shock
protein 70 kDa (HSP70), which regulates natural killer (NK)
cells, resulting in DC activation [50]. Previous studies have
shown that DCs and T lymphocytes are targets for cancer-
derived EVs [51]. Conversely, cancer-derived EVs inhibit DC
activity [51]. Reports have shown that Exos suppress DC
development, facilitating immune evasion by increasing the
expression of B-cell stimulatory factor-2 (BSF-2/IL-6) in bone
marrow precursor cells of DCs [53]. EVs can also modulate
T lymphocyte activity by impeding the function of other
leukocyte populations, particularly DCs [54]. For example, T
lymphocytes expressing Fas undergo apoptosis when exposed
to the CD178 antigen found on tumor cell-derived Exos [55].
Previous studies have demonstrated that cancer-derived EVs
can alter T lymphocyte behavior, especially by enhancing
the proliferation, differentiation, and activation of regulatory
T (Treg) lymphocytes, which suppress immune responses
[51]. For instance, transforming growth factor-betal (TGFp1)
expression in Exos from malignant cells is associated with
Tregs activation [56].

EVs can facilitate cancer progression, as studies have
shown that Exos released by tumor cells can suppress
the proliferation and cytotoxic activity of NK cells by
downregulating NK cell group 2 member D (NKG2D) [57]. For
instance, EVs activate nuclear factor kappa B (NF«B) signaling,
leading to the secretion of inflammatory cytokines and
triggering proinflammatory responses. This stimulates tumor-
promoting immune cells like macrophages [51]. Gaining a
deeper understanding of the immunological functions of Exos
in cancer could pave the way for developing innovative and
effective tumor-fighting strategies. A summary of EVs used
in anti-cancer immune responses or pro-cancer immune
responses is shown in Table 2.

5. Heterogenous EVs with diverse functions
in cancer

EVs exhibit heterogeneity in size, composition, and biological
function. Furthermore, they display various biophysical
properties, including diameters, density, charge, and content
makeup, resulting in heterogeneity of the EVs released into
the intercellular milieu [97]. Our main emphasis here will be
on the implications of various types of EVs in their diverse
functions within cancer settings (Fig. 3).



Table 2 - Role of EVs in Cancer immunity.

Source of EVs Cancer type Cargo of EVs Pro-tumor effects Anti-tumor effects Role in immune evasion Type of study  Ref.
Tumor-derived Exos ~ NSCLC PD-L1 Promotes tumor growth through N/A Suppresses T cell killing of cancer ~ Experimental  [58]
immune escape cells
Glioblastoma stem GBM PD-L1 Induces M2 macrophages and N/A Enhances immune evasion via Experimental  [59]
cell-derived Exos increases PD-L1 expression in macrophage polarization
monocytes
Tumor-derived Triple-negative PD-L1 Promotes immune suppression via N/A Facilitates immune evasion via Experimental  [60]
microparticles breast cancer PD-L1-associated pathways macrophages
Tumor-derived Exos ~ HCC HMGB1 Promotes regulatory B cell N/A Fosters immune evasion by Experimental  [61]
expansion increasing TIM-1+ regulatory B
cells
CAFs -derived Exos HCC PD-L1, IL6, STAT3 Induces PD-L1* neutrophils, N/A Immune suppression via the Experimental  [62]
fostering immune suppression IL6-STAT3 pathway
Tumor-derived Exos  GC PD-L1 Increases neutrophil expression of N/A Enhances immune evasion by Experimental  [63]
PD-L1, suppressing T cell neutrophils
immunity
Tumor-derived Exos ~ Melanoma PD-L1 Drives immunosuppressive N/A Induces systemic immune Experimental  [64]
macrophages in pre-metastatic suppression and promotes
niches macrophage-mediated immune
evasion
Bone Tumor-bearing PD-L1 Suppresses anti-tumor immunity N/A Inhibits antitumor immunity Experimental  [65]
marrow-derived cell  mice through PD-L1+ Exos
Exos
Glioblastoma- GBM LGALS9 Suppresses DC antigen N/A Immune evasion through Experimental  [66]
derived presentation LGALS9-mediated suppression of
EVs T cell responses
TEVs HCC circGSE1 Promotes Treg cell expansion N/A Induces immune escape through Experimental  [67]
expansion of Treg cells
HCC HCC miR-146a-5p Drives T-cell exhaustion through N/A Promotes immune evasion via In vivo/in vitro  [68]
M2 macrophage activation T-cell exhaustion
HCC HCC 14-3-3¢ protein Impairs anti-tumor function of N/A Reduces T-cell cytotoxicity by In vivo/in vitro  [69]
tumor-infiltrating T lymphocytes interfering with immune
recognition
Prostate tumor Prostate cancer Unknown Reduce NKG2D expression on NK N/A Facilitates immune evasion with In vivo/in vitro  [70]
and CD8* T cells with low low cytotoxic lymphocyte activity
cytotoxic activity
GC GC miRNA-107 MDSCs, which suppress immune N/A Supports immune suppression by  Invivo/invitro  [71]
response increasing MDSC population
Breast cancer cells Breast cancer Unknown N/A Gallic acid inhibits EV Prevent immune evasion through In vitro [72]
secretion, potentially reduced EV secretion
hindering tumor growth
Glioblastoma cells Glioblastoma Unknown Exo secretion leading to therapy N/A Immune evasion and drug In vitro [73]

resistance

resistance
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Table 2 (continued)

Source of EVs Cancer type Cargo of EVs Pro-tumor effects Anti-tumor effects Role in immune evasion Type of study  Ref.
HCC HCC PD-L1 Exosomal PD-L1 suppresses T-cell ~ Nanounit strategy reverses  Blocks T-cell activation via In vivo [74]
activity, promoting tumor growth PD-L1 mediated exosomal PD-L1
suppression, leading to
enhanced ferroptosis
DEXs NSCLC DC antigens N/A Boost immune response Reduce recurrence of immune Clinical study  [75]
after chemotherapy evasion by sustaining immune
memory
Engineered EVs Various cancers Anti-PDL1 proteins N/A Effective chemotherapy and Overcomes PD-L1 immune evasion Preclinical [76]
and immunotherapy by in the TME
chemotherapeutics targeting tumor cells
Pancreatic cancer Pancreatic Unknown N/A Enhances immunotherapy = Mitigates immune suppression In vivo/in vitro  [77]
cancer and reprograms the TME by  within the TME
targeting tumor cells
HCC HCC Iron oxide N/A Polarizes macrophages to Shifts macrophage polarization to  In vivo/in vitro ~ [78]
nanoparticles and an M1 phenotype, favor anti-tumor immunity
exosomal content promoting an immune
response against the tumor
Pancreatic cancer Pancreatic miRNA-155 and Reprograms macrophages to N/A Promotes immune evasion by In vivo/in vitro  [79]
cell Exos cancer miRNA-125b2 promote tumor growth reprogramming macrophages
Glioblastoma tumor  Glioblastoma Checkpoint N/A High efficacy of checkpoint  Blocks immune evasion by priming Preclinical [80]
inhibitors inhibitors when combined immune response before therapy
with radiation therapy
Engineered immune  Various cancers Radiotherapy- N/A Enhances radiotherapy by Prevents immune evasion by In vivo [81]
cells enhancing making cancer cells more enhancing immune cell
proteins vulnerable to immune recognition
attack
M1 Various cancers IL-4 receptor N/A Reprograms TAMs to Overcomes immune suppression Preclinical [82]
macrop