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Simple Summary: This study reviews recent advances in dendritic cell-derived exosome (DEX)-
based immunotherapy and presents an integrated design that organizes available biotechnological 
tools and laboratory resources into an optimized monitoring protocol. Exosomes derived from pulsed 
dendritic cells demonstrate extraordinary adaptability across different stages of cancer, contributing 
to disease control, extending survival, and targeting minimal residual disease, thereby significantly 
improving patients' quality of life. This protocol combines traditional clinical follow-up methods with 
advanced molecular tools, such as oncological scales (RECIST and iRECIST) and detailed laboratory 
analyses. By integrating these approaches, the proposed design not only fosters reproducibility and 
adaptability in immunotherapy programs but also represents an original contribution that enhances 
monitoring quality and therapeutic impact. 

Abstract: Background/Objectives: Immunotherapy using dendritic cell-derived exosomes (DEXs) 
represents an innovative strategy for cancer treatment. While current clinical monitoring methods, 
such as RECIST and iRECIST, provide tools for evaluating outcomes through imaging and clinical 
parameters, there remains a gap in comprehensive molecular evaluation of immunotherapy quality. 
This work reviews existing tools and develops an integrated design that structures these tools into a 
systematic monitoring protocol to optimize the development of DEX-based therapies. Methods: The 
protocol includes flow cytometry for immune characterization, ELISA for cytokine profiling (e.g., 
IFN-γ and IL-12), and Western blotting for exosomal markers (CD63, CD9, and CD81). These 
molecular tools complement current clinical evaluations, providing comprehensive insights into the 
quality of DEXs and patient immune responses. Results: Molecular analyses validated the consistency 
and reproducibility of DEXs through stable expression of exosomal markers. Furthermore, cytokine 
profiling revealed significant increases in Th1 responses, including elevated levels of IFN-γ and IL-
12, correlated with enhanced T cell activation and tumor cell apoptosis. Conclusions: This work not 
only reviews existing tools and methodologies but also proposes an original design that organizes 
and structures these tools into an integral monitoring protocol. This system connects clinical and 
molecular data, optimizing precision, reproducibility, and personalization in DEX-based treatments, 
establishing a robust foundation to enhance the impact of immunotherapy in oncopathology. 
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1. Introduction 

Cancer is one of the main causes of mortality worldwide, with millions of cases diagnosed each 
year and treatments that, although effective in certain contexts, have significant limitations [1]. 
Conventional therapies, such as chemotherapy and radiotherapy, have been proven to be effective 
but are often associated with significant adverse effects and high toxicity, which compromises the 
quality of life of patients and can limit the effectiveness of long-term treatment [2]. This situation has 
encouraged the search for new therapeutic alternatives, among which immunotherapy has gained 
relevance due to its ability to activate the patient’s own immune system and attack malignant cells 
more precisely. 

Among the different immunotherapy modalities, the one based on dendritic cells (DCs) has 
proven to be one of the most advanced and promising in the treatment of cancer [3,4]. DCs play a key 
role in the activation of the immune system because they are responsible for processing and 
presenting tumor antigens to T lymphocytes, generating a specific response against malignant cells. 
The ability to “pulse” DCs with specific antigens allows treatment to be personalized according to 
the unique molecular characteristics of each tumor and patient [5,6]. This not only improves the 
specificity of the immune response, but also reduces the risk of damage to healthy tissues. 

Recently, attention has turned towards the use of dendritic cell-derived exosomes (DEXs) as a 
therapeutic adjunct [7]. Exosomes are extracellular vesicles containing proteins, lipids, and nucleic 
acids, which amplify immunological signals by effectively delivering them throughout the body. 
Furthermore, exosomes possess structural stability that allows them to penetrate difficult-to-access 
tumor tissues, increasing their therapeutic potential [8]. This duality between treatment 
personalization through pulsed DCs and the use of exosomes as therapeutic vehicles has opened up 
new opportunities to optimize immunological therapies in oncology. 

Despite these advances, maximizing the effectiveness of immunotherapy with DCs and 
exosomes requires the development of comprehensive monitoring protocols that combine clinical 
assessment with detailed molecular analysis. Traditional clinical scales, such as RECIST and iRECIST, 
are useful for assessing tumor response but lack the ability to accurately measure immune activity or 
apoptosis induction in cancer cells [9,10]. For this reason, this study proposes a comprehensive 
protocol starting from progenitor cell isolation and moving to the laboratory-based assessment of the 
immune response, using advanced techniques such as flow cytometry, ELISA, and Western blotting, 
to ensure the continuous and effective personalization of treatment. 

In this context, the main objective of this study was to develop a monitoring protocol that 
integrates clinical and molecular information to maximize accuracy in the evaluation of the efficacy 
of immunotherapy, allowing real-time adjustments based on the patient’s response. 

2. Bases of Monitoring in DC Immunotherapy 

Monitoring in DC immunotherapy is crucial to ensure the efficacy of treatment in cancer 
patients. The first key step in this type of DC immunotherapy is the isolation of progenitor cells, 
specifically peripheral blood mononuclear cells (PBMCs). Separation is carried out using density 
gradients, which allows an enriched fraction of monocytes, lymphocytes, and other hematopoietic 
cells to be obtained, which are essential for subsequent differentiation into DCs [11] (Figure 1). The 
viability of the progenitor cells is crucial because any contamination would compromise the quality 
of the resulting DCs. 
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Figure 1. Obtaining peripheral blood mononuclear cells (PBMCs) from peripheral blood using a Ficoll–Hypaque 
gradient: the process of obtaining PBMCs through a density gradient via centrifugation is illustrated. The upper 
histogram illustrates the cell size and cell count per analyzed field, differentiating between live cells (green area) 
and dead cells (red area). The lower table corresponds to the quantification of live and dead cells through 
analysis with the Countess 3 Automated Cell Counter (number of PBMCs per mL before the seeding process). 

Following the isolation of PBMCs, they are differentiated and matured. The differentiation of 
monocytes into DCs is induced using specific cytokines such as GM-CSF and IL-4, and this process 
is continuously monitored to ensure that the cells reach the appropriate immature state. Maturation 
is achieved by the addition of proinflammatory cytokines such as TNF-α and IL-1β, allowing DCs to 
efficiently present tumor antigens [6,12] (Figure 2). Monitoring is essential to ensure that the DCs can 
fulfill their key immunological function and trigger a specific antitumor response. 
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Figure 2. Monitoring of the expression of CD subpopulations in in vitro culture. The expression of the 
plasmacytoid dendritic cell (DC) subpopulation at the in vitro level is shown. The graphs show, in the upper left 
corner, a flow cytometry dot plot showing the CD population based on analyzing the expression of the HLA-DR 
(PerCP-Cy5.5) and CD123 (PE) markers. On the right is a flow cytometry dot plot showing the CD+ population 
for CD80 (Alexa fluor 700) and CD83 (PE-Cy7). At the bottom, the expression of the myeloid DC subpopulation 
at the in vitro level is shown. On the left is a flow cytometry dot plot showing the CD population based on 
analyzing the expression of the HLA-DR (PerCP-Cy5.5) and CD11c (APC) markers. On the right is a flow 
cytometry dot plot showing the CD+ population for CD80 (Alexa fluor 700) and CD83 (PE-Cy7). 

One of the most critical parameters to control in this process is cell viability. Viability must be 
maintained above 90% to ensure that the DCs can fulfill their function of activating T lymphocytes 
and orchestrating a specific immune response against cancer. For this purpose, techniques such as 
flow cytometry and cell exclusion assays, such as the Trypan blue exclusion test, are used, which 
allow the proportion of viable cells to be measured to ensure that the culture maintains its integrity 
throughout the process [13,14]. The parameters that are evaluated and their expected values are 
presented in Table 1. 

Table 1. Summary of the main markers used to evaluate viability and immune activation in DC- and exosome-
based immunotherapy. The evaluation methods used allow precise data on the effectiveness of T-cell activation 
and DC maturation to be obtained, which is essential for optimizing the immune responses in cancer patients. 

Marker Description 
Evaluation 

Method Expected Value 

CD69 Early marker of T-cell activation Flow cytometry >70% activated lymphocytes 
CD25 Late activation marker and regulatory function Flow cytometry >60% activated lymphocytes 

HLA-DR DC maturation marker Flow cytometry High expression (>80%) 
IFN-γ Key cytokine for Th1 polarization ELISA >100 pg/mL 
IL-12 Cytokine for the induction of Th1 response ELISA >80 pg/mL 

Furthermore, at this initial stage, the quality control of the exosomes is essential because these 
extracellular vesicles play a crucial role in the amplification of the immune response. The exosomes’ 
size and concentration are measured to ensure that they meet the parameters required to function as 
carriers of tumor antigens. Analytical techniques such as Nanosight have proven effective for this 
evaluation [15]. 

3. Optimization and Characterization in the Molecular Laboratory 
The monitoring and optimization of DC immunotherapy require a combination of clinical and 

molecular assessment. While basic monitoring focuses on the biological quality of the DCs and 
exosomes, optimization in the molecular laboratory focuses on perfecting the technical aspects to 
ensure the consistency and effectiveness of the treatment in cancer patients. 

3.1. Optimizing Progenitor Cell Isolation and DC Differentiation 

Progenitor cell isolation is a critical phase that directly influences the differentiation and 
maturation capacity of the DCs. To obtain highly viable progenitor cells, advanced cell separation 
methods and specific centrifugation conditions have been developed. These refinements increase the 
viability and yield of PBMCs, thus improving the efficiency of the subsequent differentiation [16,17]. 

During the DC differentiation and maturation process, specific markers such as CD80, CD83, 
and HLA-DR are evaluated using flow cytometry, because their correct expression indicates that the 
DCs have reached an optimal state of maturation. The identification and constant monitoring of these 
markers allows early adjustments to be made to the culture conditions and ensures the functionality 
of the mature DCs [18]. 
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3.2. Structural and Functional Characterization of Exosomes 

The characterization of DEXs is a fundamental step in evaluating their quality and functionality. 
Techniques such as Nanosight and Western blotting are used to measure the size, concentration, and 
presence of specific exosomal markers such as CD63, CD81, and Alix (Figure 3), which are essential 
to confirm the ability of the exosomes to effectively transport tumor antigens [19,20]. The correct 
concentration and size ensure that the exosomes operate effectively as immunological vehicles. The 
size, concentration, and specific exosomal markers are evaluated to ensure the stability and 
functionality of DEXs (see Table 2). 

 

Figure 3. An analysis of the secretome of mature DCs, assessed using Nanosight, is presented. The histogram 
shows the size and concentration of the different microvesicles present in the secretomes of DCs. The internal 
table demonstrates the main parameters in a sample containing microvesicles and exosomes obtained through 
analysis using the Nanosight technique, including the mean, mode, and concentration values, indicating the 
effectiveness of the purification process. 

Table 2. Key features of dendritic cell-derived exosomes (DEXs), along with the methods used for their 
evaluation. Maintaining these parameters within optimal ranges is crucial to ensure the structural stability and 
functionality of exosomes as immunological signaling vehicles in oncology immunotherapy. 

Parameter Description Evaluation Method Optimal Range 

Size Average diameter of exosomes Nanoparticle tracking analysis 
(NTA) 

100–150 nm 

Concentration Number of exosomes per mL of sample NTA >109 particles/mL 
CD63 Exosome-specific surface marker Western blotting Positive expression 
CD81 Extracellular vesicle marker Western blotting Positive expression 
Alix Marker of exosome integrity and biogenesis Western blotting Positive expression 

3.3. Advanced Quality and Functionality Assessment 

In addition to structural properties, it is crucial to assess the functional capacity of exosomes. 
This includes the induction of T-cell activation and the production of key cytokines such as IFN-γ, 
which is measured using ELISA [21]. This functional assessment ensures that exosomes fulfill their 
role as amplifiers of the antitumor immune response. 

To obtain high-purity progenitor cells, we specifically adjusted the cell separation protocol by 
fine-tuning parameters such as centrifugation speed, separation medium density, and incubation 
temperature. These adjustments were tailored and validated during the course of our study to 
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address specific challenges observed in our experimental setup, significantly increasing the viability 
of the isolated PBMCs and enhancing the efficiency of subsequent differentiation. While these 
modifications build upon established protocols, their integration into a cohesive workflow is a 
contribution unique to this work, ensuring reproducibility and adaptability for similar laboratory 
applications. 

4. Immune Monitoring Protocol 

Immune monitoring in pulsed DC and exosome immunotherapy is crucial to fine-tune and 
optimize the immune system’s response to treatment. This approach focuses on accurately measuring 
T-cell activation; characterizing the Th1, Th2, and Th17 immune profiles; and assessing apoptosis in 
tumor cells [22]. T-cell activation, specifically of the CD4+ and CD8+ subtypes, is considered a critical 
indicator, as these cells are responsible for orchestrating the antitumor response by destroying 
malignant cells. 

Flow cytometry is a key tool used to assess the expression of activation markers such as CD69 
and CD25. These markers provide a direct measure of the level of cellular activation among T cells 
[23]. ELISA enables the analysis of the production of key cytokines, such as IFN-γ and IL-12, which 
are essential for an effective immune response. The robustness of T-cell activation is measured by the 
proportion of activated CD4+ and CD8+ cells, which is expected to be higher than 70% after co-culture 
with pulsed DCs [24]. 

Furthermore, the analysis of Th1, Th2, and Th17 immune profiles is crucial to characterize the 
polarization of the immune response. A Th1 profile is ideal for a cytotoxic response against tumor 
cells, mediated by cytokines such as IFN-γ and IL-12. In contrast, an elevated Th2 profile, associated 
with cytokines such as IL-4 and IL-10, may have an immunosuppressive effect, which would 
compromise the effectiveness of the treatment [25]. On the other hand, a Th17 profile, related to 
cytokines such as IL-6 and IL-17A, must be carefully monitored to avoid excessive inflammation and 
potential adverse side effects (Figure 4). Flow cytometry and ELISA are fundamental tools for this 
type of analysis, and, if deviations towards undesired profiles are observed, specific therapeutic 
adjustments can be implemented [26]. 
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Figure 4. The monitoring of Th1, Th2, and Th17 cytokines in the secretome of mature dendritic cells using the 
Cytometric Bead Array (CBA) technique is shown. The upper panels display: (i) a Dot Plot (FSC-A vs SSC-A) 
used to select specific cellular events, where the X-axis represents cell size (FSC-A) and the Y-axis represents 
internal complexity (SSC-A); (ii) a Histogram (APC-A) illustrating the distribution of events based on 
fluorescence intensity (APC-A on the X-axis) and event count (Y-axis); and (iii) a Dot Plot (APC-A vs PE) 
analyzing fluorescence intensities associated with Th1, Th2, and Th17 cytokines, with PE on the X-axis and APC-
A on the Y-axis. The lower graph presents the obtained and normalized concentrations (pg/mL) of the different 
cytokines, where the X-axis lists the analyzed cytokines (IL-17A, IFN-γ, TNF-α, IL-10, IL-6, IL-4, and IL-2), and 
the Y-axis represents their respective concentrations. The results highlight IL-6 and TNF-α as the most abundant 
cytokines, reflecting the immune response in the secretome of mature dendritic cells. 

Measuring apoptosis in tumor cells is a crucial component of immune monitoring, to ensure that 
activated T cells are effectively eliminating cancer cells. For this purpose, LDH release assays and 
annexin V and caspase activation are used, which are specific markers of this process. An increase in 
LDH levels and caspase activation confirm that the treatment is effective [27]. In cases of suboptimal 
results, adjustments in the dosage of DCs or exosomes are recommended to improve the efficacy of 
the therapy [28]. 

5. Complementary Clinical Follow-Up 

It is crucial to monitor exosome immunotherapy to assess treatment effectiveness and make 
adjustments based on the patient response. Such monitoring is mainly based on well-established 
clinical criteria, such as RECIST and iRECIST, which allow objective changes in tumor lesions to be 
measured [29]. While RECIST has been widely used to assess the response to conventional therapies, 
iRECIST has been specifically designed for immunotherapies, addressing unique phenomena such 
as pseudoprogression, where tumor lesions may temporarily enlarge before showing a reduction due 
to immune activation [30]. 

This type of clinical monitoring is complemented by advanced imaging techniques, such as PET-
CT with 18F-FDG, which provides a detailed analysis of the metabolic activity of the tumor. The 
uptake of this radiopharmaceutical by the tumor tissue is directly related to the aggressiveness and 
cellular metabolism of the cancer [31]. This technique is especially useful in the context of 
immunotherapy, as it can detect early changes in tumor activity, even before a significant reduction 
in the size of the lesion occurs, allowing a more accurate assessment of the treatment’s efficacy. 

Furthermore, the use of tumor biomarkers offers a molecular window into the patient’s response 
to treatment. Biomarkers such as carcinoembryonic antigen (CEA), CA-125, and PSA allow indirect 
measurements of tumor burden and the assessment of disease progression or regression. However, 
in the context of immunotherapy, these biomarkers may also reflect immune activation. For example, 
a decrease in PSA levels in prostate cancer patients treated with immunotherapy could indicate a 
favorable response, while their increase could suggest resistance [32]. 

Together, clinical criteria, advanced imaging techniques, and tumor biomarkers provide a 
comprehensive framework that not only assesses treatment response, but also allows for anticipating 
relapses, adjusting dosages and administration schedules, and identifying patients who would 
benefit from a change in therapeutic approach [33]. The integration of these elements allows for a 
dynamic and adaptive approach, maximizing the personalization and effectiveness of treatment in 
cancer patients. 

6. Impact of Laboratory Results on Treatment Personalization 

Laboratory results obtained through molecular monitoring in immunotherapy with DCs and 
exosomes play a crucial role in the personalization of oncological treatment. The integration of data 
derived from T lymphocyte activation, cytokine production, and the evaluation of immunological 
profiles allows the treatment to be adjusted in real time, maximizing its effectiveness and minimizing 
the incidence of adverse effects. This personalized approach is especially relevant in the context of 
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immunotherapy, where the response of each patient can differ considerably depending on their 
baseline immune status, tumor burden, and other individual factors [34]. 

6.1. T-Cell Activation and Treatment Adjustments 

T-cell activation is a key marker for assessing the efficacy of immunotherapy, measured through 
the expression of CD69 and CD25, together with the production of proinflammatory cytokines, such 
as IFN-γ and IL-2 [35]. These markers provide information on the magnitude of the adaptive immune 
response, which is essential for combating tumor cells. If T-cell activation levels are suboptimal, 
adjustments to the therapeutic protocol should be made, such as increasing the dose of pulsed DCs, 
modifying the antigenic load, or selecting more effective immunological adjuvants [36]. 

6.2. Th1, Th2, and Th17 Immune Profiles: Influence on Response 

Th1, Th2, and Th17 immune profiles directly influence the effectiveness of the immune response 
[37]. A predominant Th1 profile, mediated by cytokines such as IFN-γ and IL-12, is ideal for a 
cytotoxic response directed against cancer. In cases where a predominance of Th2 or Th17 profiles is 
detected, which could be related to immunosuppressive or proinflammatory responses, respectively, 
physicians can adjust the treatment by administering Toll-like receptor (TLR) ligands or interleukin 
12 (IL-12), favoring a Th1 response [38,39]. 

6.3. Evaluation of the Quality and Functionality of Exosomes 

Exosomes are essential to amplify the immune response. The evaluation of parameters such as 
the concentration, size, and protein load of exosomes using techniques such as nanoparticle tracking 
analysis (NTA) and Western blotting ensures their functionality [40,41]. The presence of key 
exosomal markers, such as CD63 and CD81, is indicative of the quality of these extracellular vesicles 
[42]. The detection of low efficiency in the activation of T lymphocytes or in the production of 
cytokines can indicate deficiencies in the quality of exosomes, which would necessitate adjustments 
in their concentration or improvements in their purification [43]. 

6.4. Adjustments in Immunotherapy Administration 

Depending on the molecular results and the patient’s response, the frequency and dose of the 
immunotherapy can be adjusted. If T-cell activation levels are high, the frequency of administration 
could be reduced to avoid overstimulation of the immune system and associated adverse effects [44]. 
Conversely, if the response is insufficient, the frequency or dose of pulsed DCs or exosomes could be 
increased to enhance immune activation [45]. 

This dynamic and personalized approach ensures the constant optimization of immunotherapy, 
adapting to the patient’s progress. The ability to modify the frequency and dose based on patient-
specific data differentiates this approach from conventional treatments, offering a considerable 
advantage in oncological treatment, especially in patients who have not responded to chemotherapy 
or who are resistant to therapy [44,45]. 

7. Cost Analysis and Protocol Scalability 

Pulsed DEXs represent a groundbreaking approach in cancer immunotherapy, offering 
significant therapeutic potential. However, their implementation faces critical challenges regarding 
economic viability and scalability, both of which are essential to ensure widespread accessibility for 
patients. A major factor in this context is the reliance on advanced molecular monitoring technologies, 
such as flow cytometry and PET-CT imaging, which are indispensable for evaluating immune 
responses and tumor progression [46,47]. 

Flow cytometry enables the precise quantification of markers that reflect T-cell activation and 
cytokine production, while PET-CT imaging, particularly with 18F-FDG tracers, provides detailed 
insights into tumor metabolism and early treatment responses [48]. Despite their critical role, these 
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techniques require substantial investments in specialized equipment, rigorous maintenance, and 
highly skilled personnel, presenting considerable economic barriers to their broader adoption [49]. 

The integration of such technologies into routine clinical practice further necessitates robust 
infrastructure and seamless collaboration between research centers and healthcare facilities [50]. 
Collaborative efforts, including shared monitoring networks and the use of artificial intelligence for 
data analysis, hold promise for reducing operational costs while enhancing scalability. Nevertheless, 
achieving widespread implementation of DEX-based immunotherapies will depend on innovative 
approaches that balance affordability with the precision required for effective treatment monitoring 
[51]. 

7.1. Cost Analysis 

The costs associated with implementing this protocol include the acquisition of specialized 
equipment such as flow cytometers, automated ELISA systems, and NTA devices [52]. These items 
are crucial to ensure quality and accuracy in sample analysis. In addition, operational expenses 
related to sample collection, data analysis, and the clinical interpretation of results can be high, 
especially in settings where resources are limited [53]. 

However, it is important to note that the initial costs are offset by the clinical benefits that come 
from personalizing and optimizing treatment. The ability to adjust treatment based on molecular 
results in real time makes it possible to avoid the administration of unnecessary therapies, thereby 
reducing the risk of serious adverse effects and the need for prolonged hospitalizations. This, in turn, 
decreases the overall costs of cancer treatment and improves the quality of life of patients, 
representing significant economic savings in the long term [54]. 

A comparative analysis that weighs upfront costs against long-term savings can be useful to 
demonstrate the cost-effectiveness of the protocol. This approach provides clear evidence that 
investment in advanced technologies can result in better management of health resources and more 
effective treatment [55,56]. 

The comparison of the costs and benefits of the main monitoring techniques used in the protocol 
is summarized in Table 3. 

Table 3. Cost–benefit comparison of the different monitoring techniques used in immunotherapy, highlighting 
their approximate costs and clinical benefits. Flow cytometry, PET-CT, and NTA are essential tools for 
evaluating the effectiveness of the treatment and adjusting the protocol based on the results obtained. 

Monitoring Technique Approximate Cost Benefits 
Flow cytometry High High precision in the quantification of cellular markers 

PET-CT with 18F-FDG Very high Early detection of metabolic changes in the tumor 
NTA Moderate Accurate assessment of exosome size and concentration 

7.2. Scalability 

Protocol scalability is another critical factor to consider. It largely depends on the automation of 
processes and the implementation of more accessible technologies that allow its adoption in different 
clinical contexts. These technologies not only simplify workflows but also ensure the consistency and 
reproducibility of monitoring results across diverse settings. The integration of artificial intelligence 
tools for data analysis, such as machine learning algorithms and predictive analytics, can further 
enhance scalability by streamlining data interpretation and enabling real-time adjustments to 
treatment protocols. This facilitates the adoption of these protocols in hospitals and clinics 
worldwide, optimizing resources and improving monitoring efficiency [57,58]. 

Furthermore, the ongoing training of physicians and laboratory technicians in the use of these 
advanced technologies is crucial to ensure accurate and efficient monitoring, regardless of patient 
volume. Such training should prioritize hands-on experience and simulations to familiarize staff with 
both hardware and software components. Developing standardized training programs that include 
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periodic evaluations can help maintain high competency levels, particularly as new technologies 
emerge [59]. 

Another strategy to improve scalability is to foster collaboration between research institutions, 
treatment centers, and biotechnology companies. This collaboration could involve the creation of 
shared monitoring networks that pool resources and expertise, reducing the duplication of efforts 
and associated costs. Additionally, implementing standardized protocols across institutions would 
simplify regulatory compliance and facilitate data sharing for research purposes, accelerating 
advancements in personalized immunotherapy [60,61]. 

A detailed analysis comparing the estimated costs associated with automation and institutional 
collaboration can allow the cost–benefit ratios to be calculated as these protocols are expanded. For 
example, institutions that invest in shared infrastructure may experience significant reductions in 
operational expenses over time, enabling them to allocate resources to patient care and further 
research [62]. 

Finally, the costs associated with the implementation of this comprehensive monitoring protocol 
are more than offset by the reduction in hospitalizations and decrease in serious adverse effects that 
it achieves. Personalized immunotherapy, when combined with efficient monitoring, minimizes 
treatment-related complications and optimizes outcomes, ultimately providing substantial savings 
for both health systems and cancer patients [63]. 

8. Conclusions 

Exosome-based immunotherapy represents one of the most advanced tools for personalizing 
and optimizing cancer treatment. Through the integration of clinical and molecular data, treatment 
can be adjusted in real time, thus improving clinical outcomes and minimizing side effects. This 
approach is crucial in immunotherapy, where patient responses can be highly variable and largely 
depend on the appropriate activation of the immune system. 

Exosome-based immunotherapy constitutes an advanced tool for personalized cancer treatment. 
This approach capitalizes on the integration of clinical scales (RECIST, iRECIST) and molecular tools 
(e.g., flow cytometry, ELISA) to enable real-time adjustments to therapeutic strategies. Such 
integration not only enhances clinical outcomes but also minimizes adverse effects, reinforcing its 
applicability in highly variable patient populations. By offering a multidimensional evaluation 
framework, this method fosters precision and adaptability, ensuring that each treatment protocol 
aligns with the patient's unique immune and tumor microenvironment characteristics. This level of 
personalization is particularly critical in immunotherapy, as patient responses can vary significantly 
depending on the immune system's baseline status and the specific characteristics of their tumor 
microenvironment [64,65]. 

The implementation of a comprehensive monitoring protocol that incorporates both traditional 
clinical parameters (such as RECIST and iRECIST) and detailed molecular analyses (e.g., flow 
cytometry, ELISA, and PET-CT) is essential for ensuring the efficacy and safety of these treatments. 
Clinical scales like RECIST evaluate the tumor response through imaging, while molecular tools 
provide deeper insights into immune activity and treatment-induced apoptosis. Together, these 
methodologies offer a multidimensional evaluation framework, allowing for the precise tailoring of 
therapies to individual patient profiles [66]. 

A key feature of this protocol is the ability to adjust treatment strategies based on critical immune 
parameters, including T-cell activation levels, immune polarization profiles (Th1, Th2, and Th17), 
and tumor apoptosis markers. For instance, a Th1-dominant profile, characterized by cytokines such 
as IFN-γ and IL-12, is ideal for promoting a robust cytotoxic response. Conversely, the presence of a 
Th2 or Th17 profile may require therapeutic adjustments to mitigate immunosuppression or 
excessive inflammation [67,68]. These adjustments ensure that each patient receives a treatment 
regimen optimized for their specific immune and tumor characteristics. 

The integration of these tools and techniques represents a significant advancement in the field 
of oncology, combining precision medicine with a deep understanding of immunological dynamics. 
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Future research should focus on refining these protocols and expanding their accessibility to a 
broader range of patients, ultimately enhancing the therapeutic potential of exosome-based 
immunotherapy. The summarized immune profiles (Th1, Th2, Th17) and their associated cytokines, 
along with their effects on immunotherapy, are detailed in Table 4 [69]. 

Table 4. Th1, Th2, and Th17 immune profiles, detailing key associated cytokines and their impact on the 
effectiveness of DC- and exosome-based immunotherapy. Understanding and monitoring these profiles is 
critical to optimizing the therapeutic strategy based on the patient’s immune response. 

Immune 
Profile Key Cytokines Effect on Therapy 

Th1 IFN-γ, IL-12 Drive a robust cytotoxic response, enhancing T-cell activation and tumor 
clearance. 

Th2 IL-4, IL-10 May suppress cytotoxic responses, potentially compromising therapy efficacy. 

Th17 IL-6, IL-17A 
Linked to pro-inflammatory responses, necessitating careful modulation to 
prevent excessive inflammation and associated side effects. 

In addition to the clinical benefits, comprehensive monitoring programs exert a profound 
economic impact. While the initial costs of implementing such programs may be high, the long-term 
savings derived from treatment optimization, reduced hospitalizations, and the minimization of 
adverse effects significantly outweigh the upfront investment. This cost-effectiveness is further 
amplified by advances in technology, such as artificial intelligence and automated data analysis, 
which are expected to drive down implementation costs over time, thereby broadening access to 
these protocols for a larger patient population [70,71]. 

The future success of immunotherapy with DCs and exosomes hinges on the scalability of these 
monitoring systems. Key to achieving this scalability will be the automation of laboratory processes 
and the adoption of high-throughput data analysis platforms, which are critical for maintaining the 
sustainability of these treatments at a population level. Furthermore, fostering collaboration among 
research institutions, hospitals, and treatment centers will play a pivotal role in ensuring equitable 
resource distribution and facilitating the widespread adoption of these innovative therapies [72]. 

Moreover, these protocols enable the precise evaluation of crucial therapeutic parameters, 
including cell viability, T-cell activation, and the production of key cytokines, such as IFN-γ and IL-
12. Such detailed assessments are indispensable for confirming the efficacy of the therapy and 
tailoring it to the specific needs of individual patients, as demonstrated in Table 5 [73,74]. 

Table 5. Design of a validation and monitoring protocol for the efficacy of immunotherapy with pulsed DEXs, 
which must include controls at each stage of the process to ensure its correct evolution for each of the key stages. 

No. Stage Day Sample Exam Purpose 

1 
Isolation of 

PBMCs 
Day 1 Peripheral blood 

Separation of PBMCs using the 
Ficoll density gradient technique. 

Isolate PBMCs with high viability and 
functionality to ensure suitability for subsequent 
differentiation and activation protocols. 

2 
Cell viability 
and integrity 

test 
Day 1 Isolated PBMNCs 

Cell viability (Trypan blue or 
Annexin 5 assay) 

Assess viability (>95%) and integrity of PBMCs, 
ensuring optimal vitality and functional 
competence 

3 
DC 

differentiatio
n 

Day 7 PBMC culture 
Expression of HLA-DR, CD123, 
and CD11c via flow cytometry 

Confirm efficient differentiation into DCs 
through high expression of phenotypic markers 

4 
DC 

maturation 
Day 
10 

Immature  
DCs 

Evaluation of maturation markers 
CD80, CD83, and CD86 via flow 

cytometry 

Verify the complete maturation of DCs, 
demonstrating the capacity for lymphocyte 
activation 

5 

Obtaining 
and 

characterizin
g exosomes 

Day 
12 

DC  
secretome 

Concentration and size via 
NanoSight 

Quantify the concentration and characterize the 
size of exosomes (90–120 nm), ensuring 
uniformity and stability 
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6 
Immunopote

ncy 
assessment 

Day 
12 

DC  
secretome 

Evaluation of the Th1, Th2, and 
Th17 cytokine profiles using ELISA 

and CBA 

Confirm the ability to produce proinflammatory 
cytokines capable of generating an effective 
immune response and respective lymphocyte 
activation (TNF-Q, IFN-y, IL-6, IL-17a, and IL-1b) 

7 
Lymphocyte 

activation 
Day 
14 

Co-culture of 
exosomes and/or 

DCs with T 
lymphocytes 

Determination of lymphocyte 
activation (CD69 and CD25, via 

flow cytometry) 

Confirm the functional activation of T 
lymphocytes, evaluating their proliferative 
capacity, activation, and production of cytotoxic 
cytokines 

8 
Induction of 

tumor 
apoptosis 

Day 
14 

Co-culture of 
activated T cells and 

tumor cells 

Apoptosis assay (LDH, caspase 
activation) 

Quantify the cytotoxic capacity of activated T 
lymphocytes to induce apoptosis in tumor cells, 
demonstrating the efficacy of the 
immunotherapeutic protocol 

9 
Final product 
characterizati

on 

Day 
14 

Enriched exosome  
concentrate 

Safety, viability, and membrane 
integrity tests, and immunological 

markers 

Confirm the quality and safety of the product 
before its clinical administration, complying with 
regulatory standards 

In conclusion, thorough monitoring is not only key to optimizing DC and exosome 
immunotherapy, but is also essential to ensure that each patient receives safe, effective, and 
personalized treatment. With the advancement of technologies and the continued development of 
new therapeutic strategies, these personalized approaches are likely to become the standard of care 
for cancer treatment in the future. 

9. Limitations and Future Directions 

Despite significant advances in immunotherapy with DCs and exosomes, there are several 
limitations inherent to this therapeutic approach. These limitations are the result of the biological 
complexity of tumors and the variability in patient responses. Factors such as the total tumor burden, 
the patient’s baseline immune status, the presence of comorbidities, and the specific genetic profile 
can significantly influence the effectiveness of the treatment [75]. 

9.1. Limitations in the Immune Response 

Variability in the immune response is one of the main barriers to the overall success of 
immunotherapy. Not all patients respond in the same way to therapy, which may be related to 
differences in the composition of the tumor microenvironment, the presence of immunosuppressive 
cells, and the intrinsic capacity of each individual’s immune system [76]. Furthermore, tumor cell 
heterogeneity can lead to immune system evasion, hindering the effectiveness of exosomes and DCs 
[77]. 

9.2. Future Directions in Research 

Addressing these limitations requires deeper exploration of the mechanisms governing immune 
responses in cancer patients, particularly those involving tumor microenvironment heterogeneity 
and immune evasion. Preclinical models and multi-phase clinical trials are essential to identify 
strategies that optimize T-cell activation and improve the efficacy of DC- and exosome-based 
therapies. Moreover, the integration of emerging technologies, such as single-cell sequencing and 
artificial intelligence-driven data analysis, holds significant promise for real-time therapeutic 
adjustments. Collaborative efforts among research institutions and healthcare providers will be 
critical in accelerating the implementation of these personalized approaches. [78]. The 
personalization of immunotherapy, considering genetic and molecular factors, will be crucial to 
improve effectiveness and reduce side effects [79]. 

Furthermore, the development of emerging technologies, such as gene editing and artificial 
intelligence, could offer new opportunities to optimize therapies and predict responses in real time. 
The implementation of advanced monitoring platforms will allow for the continuous adaptation of 
therapeutic strategies based on individual patient responses [80]. 
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9.3. Interdisciplinary Collaborations 

Fostering collaboration across disciplines, including molecular biology, oncology, and 
bioinformatics, will be essential to create a comprehensive approach to addressing the complexities 
of cancer treatment. Research networks and consortia can facilitate the sharing of data and resources, 
accelerating the development of new therapies and monitoring strategies [81]. 

In conclusion, immunotherapy with DCs and exosomes has shown significant potential in the 
treatment of cancer and will undoubtedly be of great benefit to continued research and in addressing 
current limitations. A multidisciplinary approach and the integration of new technologies may open 
up new avenues to increase the effectiveness of these treatments in the future. 
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Abbreviations 
DC Dendritic Cell 
DEX Dendritic Cell-Derived Exosome 
PBMC Peripheral Blood Mononuclear Cell 
GM-CSF Granulocyte–Macrophage Colony-Stimulating Factor 
TNF-α Tumor Necrosis Factor Alpha 
IL-4 Interleukin 4 
IL-1β Interleukin 1 Beta 
RECIST Response Evaluation Criteria in Solid Tumors 
iRECIST Immune Response Evaluation Criteria in Solid Tumors 
ELISA Enzyme-Linked Immunosorbent Assay 
PET-CT Positron Emission Tomography–Computed Tomography 
CEA Carcinoembryonic Antigen 
CA-125 Cancer Antigen 125 
PSA Prostate-Specific Antigen 
CD Cluster of Differentiation 
Th1, Th2, Th17 T Helper Cell Subtypes 
IFN-γ Interferon Gamma 
LDH Lactate Dehydrogenase 
NTA Nanoparticle Tracking Analysis 
HLA-DR Human Leukocyte Antigen–DR Isotype 
CD80, CD83, CD63, CD81 Cell Differentiation Markers 
TLR Toll-Like Receptor 
FSC-A Forward Scatter Area 
SSC-A Side Scatter Area 
APC-A Allophycocyanin Area 
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PE Phycoerythrin 
CBA Cytometric Bead Array 
pg/mL Picograms per milliliter  
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