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Exosome Immunotherapy (DEX)
Immunotherapy has revolutionized the field of oncology in 
recent years, offering alternatives to conventional treatments 
such as chemotherapy and radiotherapy. Within this panorama, 
pulsed dendritic cell-derived exosomes (DEX) have positioned 
themselves as a real and accessible therapeutic resource against 
cancer. Exosomes are extracellular vesicles released by cells, 
which act as intercellular signaling vehicles and play a crucial 
role in regulating the immune response. In the case of dendritic 
exosomes, these contain tumor antigens, cytokines and other 
immunomodulatory molecules capable of activating specific 
immune responses against tumor cells [1, 2].

exosome immunotherapy represents an advanced and personalized 
variant of this approach, where exosomes are derived from 
dendritic cells stimulated with antigens specific to the patient’s 
tumor [3]. This technology has been designed to enhance immune 
recognition and improve the anti-tumor immune response, 
providing the ability to direct action against cancer cells in a 
more precise and less invasive way than conventional treatments. 
Its ability to modify the tumor microenvironment and activate 
immune system cells positions it as a revolutionary therapy for 
the management of cancer in its different stages [4].

One of the main clinical advantages of DEXs is their synergistic 
potential when combined with chemotherapy. Chemotherapeutic 
treatments, although effective in many cases, are often limited by 
their side effects, such as systemic toxicity, immunosuppression 
and long-term resistance. Pulsed immunotherapy with exosomes, 
in combination with chemotherapy, offers a solution to overcome 
these limitations, improving treatment efficacy and reducing 
adverse effects [5,6]. This synergy is due to the multiple 
mechanisms of action of exosomes, which include modulation 
of the tumor microenvironment, inhibition of drug resistance 
mechanisms and protection of healthy cells from chemotherapy-
induced damage [3,5].

This article aims to review the current scenario in detail, the 
mechanisms underlying this synergistic interaction between 
exosome immunotherapy and chemotherapy. Through a detailed 
literature review, it will be assessed how exosomes can enhance 
the effectiveness of chemotherapy, minimize toxicity and improve 
the prognosis of the oncological patient [4,6]. The preclinical and 
clinical evidence supporting these conclusions will be analyzed 
and how these advances have been integrated into clinical 
practice will be discussed. In addition, future perspectives for 
the combined use of these therapies in modern oncology will be 
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ABSTRACT
This article reviews the synergy between pulsed dendritic cell exosome (DEX) immunotherapy and chemotherapy in cancer treatment. DEX exosomes, which 
act as immune system modulators, enhance chemotherapy efficacy by modifying the tumor microenvironment and activating an immune response targeted 
against tumor cells. This combination not only amplifies cancer cell destruction but also protects healthy cells, thus reducing systemic adverse effects of 
chemotherapy. The article highlights preclinical and clinical advances demonstrating the effectiveness of this combined strategy, showing promising results 
in tumors resistant to conventional treatments. Despite the benefits, challenges such as the high production cost of exosomes and the need to optimize 
treatment protocols for different cancer types are identified. Additionally, future research directions are presented, focusing on improving personalized 
treatments through genetically modified exosomes. In conclusion, the combination of DEX and chemotherapy has the potential to revolutionize cancer 
treatment, enhancing both treatment tolerance and clinical efficacy.
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explored, highlighting their ability to transform cancer treatment 
and improve the quality of life of patients [5].

Mechanisms of Action of Chemotherapy and its Limitations
Chemotherapy has been a mainstay in cancer treatment, designed 
to attack cancer cells through the interruption of their cell cycle. 
However, although its effectiveness in eliminating malignant 
cells has been widely demonstrated, it also presents significant 
limitations, mainly due to its non-selective nature, leading to 
serious adverse effects and the emergence of drug resistance [7].

Chemotherapy drugs work by attacking rapidly dividing cells, 
a characteristic feature of cancer cells. However, this approach 
also affects other healthy cells in the body that divide at high 
rates, such as those in the hair, gastrointestinal lining, and bone 
marrow [8]. There are different classes of chemotherapy drugs, 
such as alkylating agents, which cause direct damage to the DNA 
of tumor cells, and antimetabolites, which inhibit DNA and RNA 
synthesis [9]. Although these drugs are effective in controlling 
tumor proliferation, their ability to discriminate between malignant 
and healthy cells is limited, leading to severe complications in 
patients.

• Adverse Effects
One of the major problems associated with chemotherapy is its 
systemic toxicity. Because chemotherapy drugs cannot completely 

distinguish between cancer cells and healthy cells, healthy tissues, 
especially those with a high rate of cell division, are affected, 
leading to serious adverse effects. Common side effects include 
myelosuppression (decreased production of blood cells in the 
bone marrow), which predisposes patients to infections, anemia, 
and fatigue. Hair loss, nausea, vomiting, and diarrhea are also 
common [10].

In addition to these immediate effects, certain chemotherapeutic 
agents, such as anthracyclines (e.g. doxorubicin), can cause cardiac 
toxicity, which can lead to irreversible heart failure [11]. Other 
drugs can also damage organs such as the liver, kidneys, and 
nerves, leading to neuropathy and other long-term problems [12].

• Drug Resistance
Another significant challenge in chemotherapy treatment is 
resistance to chemo pharmaceuticals. This phenomenon can be 
intrinsic, where the tumor is resistant from the start of treatment, or 
acquired, when tumor cells develop mechanisms that allow them 
to evade the effects of chemotherapy after prolonged exposure 
[13]. Among the most common resistance mechanisms are the 
increased ability of tumor cells to expel the drug, the activation of 
DNA repair pathways, and the modification of metabolic pathways 
that reduce the effectiveness of the treatment [8]. 

Table 1: Comparison of Mechanisms, Effects and Benefits of Chemotherapy, DEX Immunotherapy and their Combination
Treatment Mechanism of Action Effects on Tumor Cells Effects on Healthy Cells Additional Benefits
Chemotherapy alone Induces DNA damage in 

rapidly dividing cells
Direct destruction of 
tumor cells

High toxicity, collateral 
damage to healthy cells

Effective in aggressive 
tumors, although with 
high toxicity

DEX Immunotherapy Modulation of the tumor 
microenvironment, 
activation of the immune 
system

Improves immune 
response, directs action 
against tumor cells

Protects healthy cells, 
reduces inflammation

Reduction of side effects, 
greater selectivity

Combination of 
Chemotherapy and DEX

Synergy between 
chemotherapy and 
immunotherapy; DEX 
optimizes the tumor 
microenvironment

Increased efficacy in 
destroying resistant tumor 
cells

Protection of healthy cells, 
reduction of systemic 
toxicity

Improved tolerance, 
reduced adverse effects, 
greater therapeutic 
efficacy

Chemotherapy, although effective in destroying tumor cells, 
severely affects healthy cells, generating toxicity. DEX exosomes 
modulate the tumor microenvironment and protect healthy cells, 
thereby reducing side effects. The synergistic combination of 
both therapies enhances tumor cell destruction, protects healthy 
tissues, and decreases adverse effects, offering a more effective 
and tolerable therapeutic solution for cancer patients.

• Need for Complementary Therapies
Drug resistance and systemic toxicity have driven the search for 
complementary therapies that can overcome these limitations. 
One of the most innovative options is immunotherapy in its 
different modalities, which stimulates the patient’s immune 
system to recognize and destroy cancer cells in a more specific 
and less toxic way than chemotherapy [14]. The combination 
of immunotherapy and chemotherapy has shown revolutionary 
results, since chemotherapy can weaken the tumor, making it 
more susceptible to the immune response, while immunotherapy 
enhances this response, achieving a synergistic effect [15].

Exosomes (DEXs) have been identified as a key tool in this 

synergistic approach. DEXs can act on the tumor microenvironment, 
enhancing the immune system’s ability to recognize and attack 
malignant cells. Furthermore, studies have shown that DEXs can 
reduce the overall toxicity of chemotherapy, protecting healthy 
cells and mitigating adverse side effects [16]. This combined 
approach could be particularly beneficial for patients who have 
developed resistance to chemotherapy or who do not tolerate its 
side effects well [11].

Synergy between DEX Immunotherapy and Chemotherapy: 
Immune Modulation and Effects on Chemotherapy

The combination of chemotherapy and immunotherapy has 
emerged as an advanced strategy in cancer treatment, especially 
by integrating immunotherapies such as pulsed dendritic cell 
exosomes (DEX). This synergistic approach leverages the 
complementary mechanisms of both therapies to improve clinical 
outcomes, maximizing the antitumor response.

Chemotherapy, by directly destroying tumor cells, creates an 
enabling environment for immunotherapeutic actio . However, 
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the limitations of chemotherapy lie in its lack of selectivity, which 
often leads to immunosuppression. This is where DEXs play a 
crucial role, as they can intervene by modifying the immune 
response to overcome the barriers created by chemotherapy. 
Exosomes derived from activated dendritic cells act as immune 
modulators that enhance antigen presentation and activation of 
cytotoxic T cells, allowing for greater efficacy in eliminating 
chemotherapy-resistant tumor cells [14].

The key to this synergy lies in the ability of DEXs to capture tumor 
antigens released following the cytotoxic action of chemotherapy 
and present them to the immune system more efficiently. This 
process, known as “immunogenic cell death,” allows DEXs to 
activate a robust and long-lasting immune response, even against 
residual tumor cells that may have escaped the direct effects of 
chemotherapy [15].

• Influence on the Tumor Microenvironment: Improved 
Susceptibility to Chemotherapy
The tumor microenvironment plays a pivotal role in treatment 
resistance, as it often creates an immunosuppressive 
environment that hinders the effectiveness of both 
chemotherapy and immunotherapies. DEXs, being modulators 
of the microenvironment, have the ability to reverse this 
immunosuppression by influencing various immune cells, such 
as regulatory T cells (Tregs) and myeloid-derived suppressor cells 
(MDSCs), which are known for their role in promoting tumor 
evasion [16].

It has been shown that the combination of chemotherapy and DEX 
can reduce the number of Tregs and MDSCs, which increases 
the vulnerability of the tumor to immune attack. Furthermore, 
chemotherapy can induce the release of danger signals and 
tumor antigens, which DEX can capture and present more 

efficiently, amplifying the immune response. This effect on the 
tumor microenvironment not only improves the susceptibility to 
chemotherapy, but also prolongs the antitumor immune response 
[17].

• Preclinical and Clinical Scientific Evidence on the 
Combination of DEX and Chemotherapy
Several preclinical studies have provided strong evidence 
of the synergistic benefits of the combination of DEX and 
chemotherapy. In murine models, it has been shown that the 
administration of chemotherapy, followed by immunotherapy 
with DEX, significantly increases the survival rate and reduces 
tumor progression compared to monotherapy treatments. These 
results are especially notable in cancer types with high resistance 
to chemotherapy, such as melanoma, breast cancer and non-small 
cell lung carcinoma [18].

In clinical trials, an improvement in clinical response has been 
observed when combining chemotherapy with dendritic cell-
based immunotherapies. For example, in patients with lung 
cancer, the combination of chemotherapy and immunotherapy 
with DEX resulted in a higher response rate and prolongation of 
progression-free survival compared to chemotherapy alone [19]. 
Other studies have shown that patients receiving this combination 
showed a significant reduction in tumor progression markers 
and an improvement in immunological indicators, suggesting 
that DEXs not only enhance the effects of chemotherapy but 
also help prevent tumor recurrence [20]. A prominent example is 
the use of cyclophosphamide, a chemotherapeutic agent that, at 
low doses, reduces the number of Tregs, thereby enhancing the 
immunotherapeutic effect of DEXs. Furthermore, gemcitabine 
has been shown to effectively deplete MDSCs, thus improving 
the efficacy of combination therapies [21].

Table 2: Synergy between DEX Immunotherapy and Chemotherapy
Aspect Chemotherapy Alone DEX Immunotherapy Combination of Both
Tumor destruction Direct destruction of tumor cells, 

but with severe side effects
Stimulates the immune response 
against the tumor, but without 
direct destruction

Improved tumor destruction with 
less damage to healthy cells

Microenvironment Modulation Limited, promotes 
immunosuppressive environment

Modulates the microenvironment 
to be more susceptible to 
chemotherapy

Effective reversal of tumor 
immunosuppression

Effect on Immune Cells Decreased immune cells due to 
immunosuppression

Activates immune cells, 
including cytotoxic T cells

Synergy in the activation of T 
cells and other immune cells

Reduction of Tregs and MDSCs Does not effectively reduce Tregs 
and MDSCs

Effectively reduces the number of 
Tregs and MDSCs cells

Significant reduction of Tregs and 
MDSCs, improving tumor control

Susceptibility to chemotherapy Variable and dependent on the 
chemo used

Increases tumor susceptibility to 
chemotherapy

Increased susceptibility to 
chemotherapy and prolongation 
of the immune response

Improved Clinical Response Moderate, with high rate of side 
effects

Improves clinical response when 
combined with chemotherapy

Higher clinical response rate and 
lower tumor recurrence

Highlighting how this therapeutic combination improves the efficacy of cancer treatment compared to chemotherapy or immunotherapy 
alone. Chemotherapy, although effective in inducing tumor cell apoptosis, can generate systemic toxicity and affect healthy cells. 
However, when combined with DEX, the activation of the immune system is enhanced, which not only improves the selective 
destruction of tumor cells but also protects healthy tissues.
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• Optimization of Therapeutic Schemes
Despite the success of combining DEX with chemotherapy, 
therapeutic regimens are still evolving. It has been suggested 
that neoadjuvant and adjuvant treatments may provide greater 
benefits when combined with immunotherapies. In particular, 
administration of chemotherapy at lower or adjusted doses may 
maximize immune effects without compromising toxicity, which 
would allow for better integration with DEX [22].

In conclusion, the synergy between pulsed dendritic cell exosomes 
and chemotherapy offers new hope in the fight against cancer. 
The combination of both therapeutic strategies takes advantage 
of the strengths of each: the direct destruction of the tumor by 
chemotherapy and the enhancement of the immune system by 
DEXs. As protocols are optimized and treatments are refined, this 
combination is likely to become established as a standard option 
in cancer treatment.

Reducing Adverse Effects of Chemotherapy Using DEX 
Immunotherapy
The combination of chemotherapy with dendritic cell exosomes 
has demonstrated a significant impact in reducing the typical 
adverse effects associated with chemotherapeutic treatments. 
This therapeutic strategy not only boosts the immune system’s 
ability to fight cancer, but also protects healthy cells from damage 
caused by chemotherapeutic agents. Pulsed immunotherapy with 
dendritic exosomes offers an innovative perspective in oncology, 
providing an additional layer of cellular protection that decreases 
systemic toxicity without compromising the antitumor efficacy 
of chemotherapy.

• Cellular Protection Mechanisms: How Exosomes can Protect 
Healthy Cells from Chemotherapy-Induced Toxicity
Chemotherapy acts by inducing DNA damage in tumor cells, 
leading to apoptosis or programmed cell death. However, one 
of the major challenges of this approach is its lack of selectivity. 
Chemotherapeutic agents do not distinguish between cancer cells 
and healthy cells, resulting in considerable systemic side effects, 
such as immunosuppression, bone marrow damage, mucositis, 
and gastrointestinal involvement, among others [23]. Dendritic 
cell exosomes have emerged as a complementary approach that 
may help protect non-cancerous cells from these damaging effects.
In the context of pulsed immunotherapy, exosomes released 
by activated dendritic cells contain immunological signals that 
not only stimulate the immune system but also modulate the 
cellular response to stress induced by chemotherapeutic agents 
[24]. Preclinical studies have shown that exosomes can increase 
the resistance of non-cancer cells to chemotherapy damage by 
promoting DNA repair and reducing the generation of reactive 
oxygen species (ROS), thereby decreasing oxidative stress, a key 
mechanism of chemotherapy-induced toxicity [25].

Furthermore, dendritic cell exosomes modulate the expression of 
anti-apoptotic proteins in healthy cells, preventing them from being 
driven to premature cell death due to exposure to chemotherapy 
[26]. This process has been observed in experimental models, 
in which exosomes have shown their ability to “protect” non-
tumor cells from the highly toxic environment generated by 
chemotherapeutics. Through the modulation of key signaling 
pathways, such as the NF-kB pathway, exosomes also reduce 
inflammation and improve the resistance of healthy cells to 
cytotoxic agents [27]. 

Table 3: Compares Three Strategies in Cancer Treatment: Chemotherapy Alone, Immunotherapy with Exosomes, and their 
Combination
Treatment Effect on Tumor Cells Effect on Healthy Cells Side Effects Additional Benefits
Chemotherapy alone Direct destruction of 

tumor cells through 
toxicity

High toxicity, damage to 
healthy cells

Myelosuppression , 
nausea, fatigue, hair loss

It may be effective in 
aggressive tumors

Exosomes 
(Immunotherapy)

They modulate the tumor 
microenvironment and 
improve immune response

Protect healthy cells from 
damage

Less side effects Immune system 
activation, immune 
selectivity

Combination of both Synergy: greater 
destruction of tumor cells

Protection of healthy cells, 
reduction of toxicity

Significant reduction in 
side effects of chemo

Improved treatment 
efficacy, greater tolerance

Chemotherapy destroys tumor cells but affects healthy cells, causing serious side effects such as myelosuppression and fatigue. 
Exosomes modulate the tumor microenvironment and protect healthy cells, with minor side effects and selective activation of the 
immune system. By combining both treatments, a synergy is achieved that maximizes tumor destruction, protects healthy cells, and 
significantly reduces adverse effects, mejoramdo asi, el plan terapéurico propteo.

• Decreasing Systemic Toxicity: Examples of How Pulsed 
Immunotherapy Helps Mitigate the Most Severe Side Effects
exosome immunotherapy is its ability to mitigate the systemic 
toxicity that commonly accompanies aggressive chemotherapy 
regimens. Chemotherapy, while effective in reducing tumor 
burden, causes debilitating side effects due to its non-specific 
nature, including hair loss, nausea, vomiting, myelosuppression, 
and cardiotoxicity [28]. Incorporating dendritic exosomes into 
cancer therapy may change this landscape by offering selective 
protection to non-tumor tissues.

Recent studies have suggested that patients receiving combined 
chemotherapy and pulsed immunotherapy therapies with exosomes 
experience a lower incidence of myelosuppression, resulting in 
fewer cases of neutropenia and an improved ability to complete 

treatment cycles without interruptions due to infections or 
hematologic complications [29]. Furthermore, cardiotoxicity, one 
of the most concerning effects of agents such as anthracyclines, 
has been shown to be reduced when exosomes are present, due to 
their ability to improve calcium homeostasis in cardiomyocytes 
and protect against oxidative damage [30].

A key aspect of toxicity reduction is that pulsed immunotherapy 
not only acts during treatment, but also preventively, by preparing 
healthy cells to resist the damaging effects of chemotherapy. This 
preventive action reduces the need to adjust chemotherapy doses, 
allowing oncologists to administer treatment at effective doses 
without compromising patient health [31]. This translates into 
a significant improvement in the quality of life of patients, who 
can continue their treatment without experiencing the debilitating 
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effects of traditional chemotherapy.

• Dendritic Cell Exosomes Immunotherapy
Clinical evidence supports the integration of DEX immunotherapy 
into cancer treatment regimens. A clinical trial conducted in 
patients with non-small cell lung cancer (NSCLC) demonstrated 
that the combination of chemotherapy with dendritic exosomes 
significantly reduced the incidence of severe side effects, 
such as fatigue and mucositis, compared to patients receiving 
chemotherapy alone [32]. Patients treated with this combination 
also showed an improved immune response, suggesting that 
exosomes not only protect against toxicity but also enhance the 
efficacy of cancer treatment.

Another clinical study in triple-negative breast cancer patients 
showed that the addition of dendritic exosomes to chemotherapy 
treatments reduced gastrointestinal side effects and allowed for 
greater adherence to treatment cycles, resulting in a higher long-
term survival rate [33]. This finding is especially important in the 
context of aggressive cancers, where a patient’s ability to endure 
multiple treatment cycles can make a significant difference in 
long-term outcomes.

Exosome immunotherapy has also demonstrated its ability to 
reduce the toxic effects of chemotherapy, such as oxaliplatin 
-induced peripheral neuropath, allowing patients to continue their 
treatment without suffering a severe decrease in their quality of life 
[34]. These studies highlight the potential of dendritic exosomes to 
transform the way chemotherapy is delivered, allowing patients to 
receive more intensive treatments without experiencing disabling 
side effects.

DEX Immunotherapy: Molecular Interactions and Cell Signaling
exosome immunotherapy and chemotherapy have proven to 
be fundamental in improving therapeutic outcomes in cancer 
treatment. Through the modulation of several signaling pathways, 
exosomes can influence key processes such as apoptosis and cell 
repair, both in tumor cells and in healthy tissues. This synergistic 
combination has a considerable impact on the effectiveness of 

cancer treatments, opening new possibilities for the improvement 
of oncological therapies.

Exosome immunotherapy, when combined with chemotherapy, 
involve several molecular mechanisms that affect the behavior of 
tumor cells and healthy cells. Exosomes, derived from dendritic 
cells, have the ability to transport proteins, lipids and RNA that 
directly influence recipient cells. One of the main effects is the 
alteration of cell signaling pathways that promote apoptosis or 
programmed cell death of cancer cells, while preserving healthy 
cells. The combination with chemotherapy optimizes these 
processes, since many of the chemotherapies induce cellular stress 
in tumors, promoting greater uptake of exosomes that facilitate 
tumor cell destruction more effectively [35].

Furthermore, exosomes modulate pathways related to the body’s 
immune response. Recent studies have indicated that dendritic 
exosomes can influence T cell signaling and the activation of 
other immune system cells, such as macrophages and NK cells, 
thereby enhancing the antitumor effect of chemotherapy. Exosome 
immunotherapy appears to enhance immune system sensitization 
to cancer cells, resulting in increased therapeutic efficacy when 
used in combination with chemotherapy regimens. This process is 
mediated, in part, by the activation of signaling pathways involving 
cell death receptors, such as Fas and TRAIL, which are crucial 
for inducing apoptosis in tumor cells [36].

The impact on apoptosis and cell repair is a key aspect of this 
combination. Chemotherapy induces apoptosis through DNA 
damage in tumor cells, and the presence of exosomes can enhance 
this response, by facilitating the activation of additional apoptotic 
mechanisms. For example, the release of proapoptotic factors 
such as the p53 protein is amplified in the presence of exosomes, 
improving the treatment’s ability to eliminate cancer cells. 
Interestingly, exosomes have also been observed to play a role 
in the repair of healthy tissues by transporting growth factors and 
other molecules that promote cell regeneration. This protective 
function reduces the side effects of chemotherapy, protecting 
healthy cells from damage induced by cytotoxic agents [37]. 

Table 4: Molecular Interactions and Effects of the Combination of Dendritic Exosomes and Chemotherapy in Cancer Treatment
Aspect Description
Molecular Interactions Exosomes modulate cell signaling pathways, promoting apoptosis in tumor cells and protecting healthy 

cells during chemotherapy.
Immune Response Enhanced activation of T cells, macrophages and NK cells, increasing antitumor efficacy in combination 

with chemotherapy.
Apoptosis and Cellular Repair Exosomes increase the release of proapoptotic factors such as p53, enhancing the elimination of tumor 

cells and helping in the repair of healthy tissues.
Selectivity of Treatment Exosomes target treatment to tumor cells, improving the precision of chemotherapy and reducing side 

effects.
Overcoming Tumor Resistance The combination with exosomes helps overcome tumor resistance to drugs, increasing the effectiveness 

of chemotherapy.

Exosomes play a key role by modulating signaling pathways, enhancing tumor apoptosis, and protecting healthy cells, thereby reducing 
systemic toxicity. Furthermore, by enhancing the immune response and targeting treatment more precisely, this combination offers 
improved tolerance and therapeutic efficacy.

In terms of therapeutic implications, the combination of exosomes and chemotherapy offers a valuable avenue to improve the 
tolerability of cancer treatments while increasing their effectiveness. A crucial aspect of this interaction is the ability of exosomes to 
improve the selectivity of chemotherapy. Instead of indiscriminately affecting both tumor and healthy cells, exosomes can target the 
treatment more precisely to cancer cells, allowing for more effective delivery with fewer side effects. This improvement in selectivity 
is of great clinical importance, as patients often experience severe adverse effects from chemotherapy, such as immunosuppression, 
cardiac toxicity, or damage to other organs [38].
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exosome -based immunotherapy also has the potential to overcome 
some of the treatment resistance mechanisms that tumor cells 
develop. Chemotherapy often fails due to the ability of cancer cells 
to adapt and develop drug resistance. However, the addition of 
exosomes can interfere with these resistance pathways, allowing 
for more effective destruction of tumor cells. This is an area in 
which ongoing research is being conducted to determine how best 
to use exosomes to counteract resistance to traditional treatments 
[39].

Finally, in clinical practice, the incorporation of exosomes into 
oncological treatment protocols is beginning to be considered 
a viable therapeutic tool. Although clinical research is still in 
relatively early stages, the results obtained so far suggest that 
exosome immunotherapy may offer significant benefits, particularly 
in combination with chemotherapy in cases of advanced or 
metastatic cancer. The ability of exosomes to modulate immune 
responses, enhance apoptosis in tumor cells, and reduce systemic 
side effects positions them as a valuable complementary approach 
in cancer treatment [40].

In summary, molecular interactions between chemotherapy and 
dendritic exosomes offer a new dimension in cancer treatment, by 
improving both therapeutic effectiveness and patient safety. The 
impact on apoptosis, cell repair and reduction of systemic toxicity 
underlines the clinical potential of this combination, which has 
redefined cancer treatment paradigms.

Future Perspectives and Challenges in the Combination of 
Immunotherapy and Chemotherapy
The combination of exosome immunotherapy and chemotherapy 
has emerged as a promising therapeutic strategy in the treatment 
of cancer. As research progresses, both new opportunities and 
important challenges are identified in this area. Key advances, 
challenges, and future directions in this innovative combination 
of treatments are discussed below.

One of the most notable advances in the combination of 
exosome immunotherapy and chemotherapy is the possibility of 
personalizing treatments according to the molecular characteristics 
of tumors. The ability of exosomes to carry tumor-specific antigens 
allows for a more targeted and effective immune response, 
which could increase success rates and reduce side effects. This 
combination is especially promising in cancer types that are 
resistant to conventional chemotherapy, allowing exosomes to 
modulate the tumor microenvironment in a way that is favorable 
to the patient [41].

Furthermore, exosomes can protect healthy cells from the harmful 
effects of chemotherapy. Systemic toxicity, one of the biggest 
challenges of conventional treatments, is significantly reduced 
when exosome immunotherapy is used. This is because exosomes 
help preserve normal cellular function while promoting the 
destruction of tumor cells. This mechanism of action is key to 
improving the quality of life of patients and minimizing long-term 
damage caused by aggressive treatments [42]. 

Table 5: Main Advances and Challenges in combining DEX Immunotherapy and Chemotherapy
Perspective Description
Potential Advances Personalization of treatments based on molecular characteristics of tumors. greater success and 

reduction side effects.
Protecting Healthy Cells Exosomes protect healthy cells from the harmful effects of chemotherapy, preserving normal 

cellular function and improving quality of life.
Clinical Challenges High costs of producing clinical-grade exosomes and complexity in their manufacturing. Lack of 

clear regulatory guidelines.
Optimization of Treatment Protocols Need to determine the most effective doses and combinations for different types of cancer. 

Concerns about systemic toxicity in treated patient.
New Research Directions Design of genetically modified exosomes to increase their efficacy and customization according to 

unique tumor characteristics.

Despite the promising potential of this strategy to personalize treatments and protect healthy cells, costs and lack of clear regulatory 
guidelines are critical obstacles. Advancement in research on genetically modified exosomes could pave the way for more effective 
and personalized therapies, optimizing their integration into clinical protocols to deliver better outcomes with lower toxicity.

• Clinical Challenges
Despite advances, there are still significant clinical challenges that 
need to be addressed to achieve widespread implementation of 
the combination of exosome immunotherapy and chemotherapy. 
One of the biggest obstacles is the high cost of producing clinical-
grade exosomes. Exosome manufacturing involves advanced 
and complex techniques, which increases costs and limits their 
availability in many settings. Furthermore, regulatory agencies are 
in the process of establishing clear guidelines for the approval of 
these combination therapies, which may delay their widespread 
clinical use [43].

Another major challenge is the optimization of treatment protocols. 
Current studies are still determining the most effective doses, 
sequences, and combinations of chemotherapy and immunotherapy 
with exosomes for different types of cancer. Systemic toxicity 
remains a concern, especially in patients who have already 

received multiple lines of treatment, requiring precise adjustments 
in therapeutic regimens [44].

• New Research Directions in Development
Research continues into the combination of chemotherapy 
and immunotherapy with exosomes, focusing on the design of 
genetically modified exosomes to improve their efficacy. These 
exosomes could be designed to carry molecules that promote the 
activation of more robust immune responses or that inhibit the 
signaling pathways that tumors use to evade the immune system. 
This would not only improve the effectiveness of the treatment, 
but could also allow for greater customization of therapies based 
on the unique characteristics of each tumor [40].

Furthermore, ongoing clinical studies continue to explore the 
use of these combination therapies in cancer types that currently 
lack effective treatments, such as pancreatic cancer and advanced 
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melanoma. The results of these trials will provide valuable insights 
into the feasibility of exosome immunotherapy in combination 
with chemotherapy and help identify which patients are best 
suited to benefit from these innovative treatment strategies [41].

In summary, the combination of exosome immunotherapy and 
chemotherapy has the potential to revolutionize cancer treatment, 
and there is strong clarity to resolve challenges related to cost, 
regulation and optimization of treatment protocols, which 
will allow the development of even more effective, safe and 
personalized therapies for cancer patients.

Conclusions
The combination of dendritic cell exosomes and chemotherapy 
has shown significant potential to improve outcomes in cancer 
treatment. Throughout research, it has been identified that exosomes 
can increase the efficacy of chemotherapy by modulating the 
tumor microenvironment and promoting more effective immune 
responses. This synergistic approach allows for more efficient 
destruction of tumor cells, while healthy cells are less affected 
by chemotherapy toxicity [41].

A key concept in this context is the immunoplasticity of exosome 
-based immunotherapy, which refers to the ability of the immune 
system to adapt and respond to different cancer types and disease 
stages [3]. Immunoplasticity allows exosomes to carry tumor-
specific antigens, modulating the immune response in a precise 
manner, making this therapy a viable option for a wide range of 
patients and cancer types. This flexibility is particularly valuable 
in difficult-to-treat tumors that do not respond well to conventional 
therapies, such as standard chemotherapy. In this sense, exosome 
immunotherapy presents itself as an adaptable and personalized 
strategy that can be adjusted to the individual characteristics of 
each patient, thus maximizing its benefits [42].

Furthermore, exosomes play a crucial role in reducing systemic 
adverse effects, protecting non-cancerous cells from collateral 
damage. This protective effect is one of the main advances in this 
therapeutic combination, as it allows for better treatment tolerance 
and a higher quality of life for patients receiving chemotherapy 
[42]. In summary, the ability of exosomes to direct the immune 
response and preserve healthy tissues highlights their value in 
cancer treatment, especially in difficult-to-treat tumors that do 
not respond well to conventional therapies.

The effective integration of this combination into clinical practice 
included inclusion in protocols for patients who had not responded 
to traditional treatments. Subsequent clinical studies focused 
on appropriate dosing and selection of patients best suited to 
benefit from this therapy, for safer and more effective use. 
Optimizing chemotherapy doses in conjunction with exosome- 
based immunotherapy are also critical to minimize side effects 
and maximize outcomes [43].

It is essential to understand and make the most of the benefits of 
combining exosomes and chemotherapy. Current research has 
yielded more than enough results, and will undoubtedly continue 
to reveal the molecular mechanisms involved, allowing for 
optimizing treatment protocols, enhancing therapeutic effects and 
reducing associated risks [41]. This underlines the importance of 
maintaining a translational approach, allowing scientific advances 
to be quickly translated into clinical improvements.
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