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Abbreviations

CAR: Chimeric Antigen Receptors

CTC: Circulating Tumor Cells

CTLA: Cytotoxic T-Lymphocyte Antigen

DEX: Dendritic Cell-Derived Exosomes

EBCTCG: Early Breast Cancer Trialists’ Collaborative Group
ERM: Minimal Residual Disease

IFN: Interferon

MHC: Major Histocompatibility Complex

NK: Natural Killer (Cells)

NSCLC: Non-Small Cell Lung Cancer

RECIST: Response Evaluation Criteria in Solid Tumors
TAM: Tumor-Associated Macrophages

TAMs: Tumor-Associated Macrophage Subtypes

TNF: Tumor Necrosis Factor

TNM: Tumor, Node, and Metastasis (Staging System)

Introduction

Cancer represents one of the most complex medical challenges of
our time. Over the decades, standard approaches have included
the combination of surgery, chemotherapy, and radiotherapy.
While effective in many cases, these strategies have significant
limitations, particularly when time becomes a critical factor
[1]. One of the most controversial areas in modern oncology is
the decision to delay surgery in certain cancers, such as colon,
breast, and other solid tumors, in favor of prolonged neoadjuvant
chemotherapy [2]. This strategy, designed to reduce tumor size
and target micrometastases, can, in some cases, weaken the patient
and postpone surgical intervention, which might otherwise have
had a significant impact on early reduction of total tumor burden.

Early surgery offers a crucial advantage: the rapid removal of the
primary tumor. This action not only alleviates the metabolic and
immunological burden on the body but also improves the patient’s
condition for subsequent therapies, such as chemotherapy or
personalized immunotherapy. Specifically, dendritic cell-derived

exosome-based immunotherapy has proven highly effective in
controlling minimal residual disease, provided the immune system
is in optimal condition [3].

This article proposes a reevaluation of current cancer treatment
strategies, emphasizing the benefits of early surgery in various
contexts. It will explore how this practice can be integrated with
innovative therapies, such as personalized immunotherapy, to
maximize clinical outcomes. Additionally, examples from different
cancer types (colon, breast, lung, and pancreas) will be analyzed
to demonstrate how an early surgical approach could transform
current paradigms in cancer treatment [4].

The primary objective is to provide a critical and evidence-
based perspective that supports revising oncological protocols,
promoting earlier surgical interventions in combination with
modern treatments to improve clinical outcomes and patients’
quality of life.

The treatment of cancer is evolving toward a more integrated
approach, where the synergy between surgery and personalized
immunotherapy, such as dendritic cell-derived exosome (DEX)
therapies, plays a central role. This combination not only optimizes
the removal of the primary tumor but also strengthens the patient’s
immune responses, offering clinical benefits at any stage of
cancer management. This model redefines current paradigms,
promoting strategic surgical interventions supported by cutting-
edge immunological therapies.

Current Management of Solid Tumors

Colon Cancer: Revisiting the Traditional Model

Colon cancer remains one of the most prevalent and extensively
studied malignancies, providing a crucial framework for evaluating
modern oncological strategies. The conventional approach to
managing locally advanced colon cancer involves administering
neoadjuvant chemotherapy over several weeks or months prior
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to surgery. This strategy is based on the premise that tumor size
reduction simplifies surgical resection and minimizes recurrence
risk [5].

However, recent studies have raised significant questions about the
universal efficacy of this model. While neoadjuvant chemotherapy
offers benefits in selected cases, particularly for tumors near critical
anatomical structures, its application is not without significant
limitations. Many patients undergoing this treatment experience
a marked deterioration in overall health due to the systemic side
effects of chemotherapy, including immunosuppression, fatigue,
and nutritional deficits. These factors not only complicate surgical
outcomes but also diminish the efficacy of subsequent adjuvant
therapies [6].

Moreover, delaying surgery in favor of prolonged neoadjuvant
chemotherapy increases the risk of severe complications, such
as injury to adjacent vascular structures, partial or total luminal
obstructions, or perforations. These emergencies often necessitate
urgent surgical intervention under suboptimal conditions, leading
to higher morbidity and mortality rates compared to planned
procedures. Beyond these immediate risks, the presence of the
primary tumor during delays perpetuates systemic inflammation
and the release of circulating tumor cells, heightening the
likelihood of metastatic spread [7].

The traditional model also overlooks the substantial benefits
of reducing tumor burden through early surgical intervention.
Removing the primary tumor at an earlier stage alleviates its
metabolic and immunological impact, creating a more favorable
physiological environment for the patient. This approach
enhances the efficacy of adjuvant therapies, such as personalized
immunotherapy, which functions optimally in the context of
minimal residual disease [8].

Emerging evidence suggests that early tumor resection provides
significant clinical advantages. By eliminating the primary
tumor, the source of immunosuppressive factors and systemic
stress is removed, allowing the immune system to regain partial
functionality. This is particularly critical in immunotherapy, where
the success of treatments, such as dendritic cell-derived exosomes,
relies on the patient’s immunological competence [9].

Furthermore, early surgery halts the dissemination of tumor cells
from the primary tumor into the bloodstream and lymphatic
system, reducing the risk of new metastases and improving long-
term outcomes.

The risks associated with delaying surgery are exacerbated by the
potential for life-threatening complications. For instance, intestinal
obstructions and perforations in colon cancer patients are not
only medical emergencies but also limit the viability of planned
therapeutic strategies. Emergency surgeries in these contexts carry
significantly higher risks and often result in delayed or incomplete
postoperative therapies, further compromising patient outcomes.
These complications underscore the role of tumor-related factors as
important prognostic indicators, as highlighted in colorectal cancer
studies [10]. Conversely, planned early surgery prevents these
scenarios, ensuring a more stable clinical course and allowing
the timely initiation of adjuvant treatments.

Table 1: Comparison of Early Surgery and Neoadjuvant
Strategies in Cancer

Aspect

Traditional
Model

Risks of
Surgical Delay

Benefits of Early
Surgery

Prevention of
Dissemination

Complications
of Delayed
Surgery

Impact on
Adjuvant
Therapies

Relevance

Description

Use of necadjuvant
chemotherapy to reduce
tumor size before surgery.

Increases complications
such as perforations,
hemorrhages, and

metastatic progression.

Rapid tumor removal
reduces tumor burden and
improves metabolic and
immunalogical
environment

Removaes circulating tumor
cells and anglogenic factors

that promote metastasis.

Emergency surgeries
increase morbidity and
complicate adjuvant
therapies.

Early surgery improves the
immunological
microenvironment and
facilitates therapies such as
immunotherapy.

Combines early surgery and

immunatherapy to improve

comprehensive cancer

Clinical Impact

Facilitates surgery but may
cause severe toxicity and
immunosuppression.

Higher morbidity and
mortality; greater difficulty

in controlling cancer.

Improves patient’s overall
condition and reduces

metastatic progression

Challenges or
Limitations

Delays surgical
intervention and
compromises clinical
progression.

Difficult to identify
the ideal timing for
surgery in advanced

cases.
Requires careful
evaluation to avaid

premature surgeries.

Reduces microm
and improves response to

postoperative therapies.

Less favorable prognosis
due to prolonged recovery
and limited therapeutic
options.

Enhances efficacy of
targeted therapies and
contral of minimal residual
disease.

Improves survival and
reduces severe long-term
complications.

complementary
therapies to address

residual cells.

Heightens risk of
severe complications
and functional
deterioration.

Surgical delays limit
the benefits of
adjuvant therapies.

Requires access to
advanced resources
and multidisciplinary

management. teams.

Management: Key aspects, benefits, and limitations of early
surgery versus delayed interventions in oncology.

The Relevance of Early Surgical Intervention

Early surgical intervention precisely addresses and complements
the inherent limitations of neoadjuvant chemotherapy in reducing
tumor burden. The prolonged presence of a tumor perpetuates
a cascade of adverse systemic effects, including chronic
inflammation, immunosuppression, and metabolic depletion,
exacerbating conditions such as cachexia, which significantly
complicates patient recovery [12]. In this context, patients with
a limited response to chemotherapy face a critical challenge: the
time lost while waiting for surgery that could have been performed
carlier represents a missed opportunity to stabilize their clinical
condition and improve long-term outcomes.

Early surgery also provides an invaluable window for treatment
personalization. By extracting tumor samples at earlier stages,
more representative histopathological and molecular data can be
obtained, enabling the design of highly precise adjuvant therapeutic
strategies tailored to the tumor’s specific characteristics [13]. This
approach not only maximizes the effectiveness of subsequent
therapies but also minimizes exposure to unnecessary systemic
treatments, which, in many cases, can cause more harm than
benefit. Additionally, the early surgical removal of the primary
tumor dynamically disrupts the resistance cascade driven by tumor
heterogeneity-a phenomenon frequently observed in prolonged
exposure to chemotherapy [14].

The benefits of early surgery extend beyond immediate survival.
Patients undergoing early surgical interventions exhibit lower
tumor recurrence rates, better tolerance to subsequent treatments,
and significantly improved quality of life. These findings challenge
the traditional model that prioritizes neoadjuvant therapies at all
stages and emphasize the need for a paradigm shift towards the
integration of early surgical strategies with advanced adjuvant
therapies, thereby optimizing short- and long-term outcomes for
patients.
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Figure 1: Challenges of Traditional Cancer Treatment Approaches:
Highlights Systemic Effects, limited Responses, and Missed
Opportunities in Standard Paradigms

Breast Cancer: Differences by Stages and Subtypes

Breast cancer is characterized by its biological heterogeneity,
necessitating differentiated therapeutic strategies based on tumor
subtype and clinical stage. In subtypes such as triple-negative
and HER2-positive tumors, neoadjuvant chemotherapy has
proven highly effective, with the primary objective of achieving
complete pathological response before surgery. In these cases,
high proliferative indices and biological aggressiveness justify
the neoadjuvant approach, as it maximizes the impact of systemic
therapies on residual tumor cells.

However, in early stages of breast cancer, the neoadjuvant approach
may be unnecessary and even counterproductive. Introducing
chemotherapy at these stages can increase treatment toxicity
without providing proportional benefits in terms of survival or
disease control. Early surgery, whether through mastectomy
or conservative approaches, offers a significant advantage by
rapidly eliminating the tumor burden. This intervention not only
mitigates the systemic effects of the tumor but also enables a
detailed evaluation of tumor margins, lymphovascular invasion,
and molecular markers, facilitating the planning of personalized
adjuvant therapies.

Another key benefit of early surgery is the reduction of
tumor dissemination risk during the neoadjuvant phase.
Systemic treatments can induce transient changes in the
tumor microenvironment, such as increased angiogenesis or
reprogramming of immune cells, which may inadvertently favor
micrometastatic dissemination. By quickly removing the primary
tumor, the likelihood of circulating tumor cells (CTCs) spreading
to distant organs is minimized, thus preserving a more favorable
prognosis for the patient [15].

Other Solid Tumors: Exploring the Early Surgical Approach
In the case of non-small cell lung cancer (NSCLC), surgery
remains the standard treatment in early stages. However, in locally
advanced stages, neoadjuvant therapies such as chemotherapy
or radiotherapy have become integral parts of modern protocols
to reduce tumor size before surgical resection. While these

strategies may facilitate surgery in large tumors or those close
to vital structures, they can also delay surgical intervention in
patients who might benefit from earlier resection [16]. This delay
introduces a significant risk of tumor progression, compromising
the likelihood of achieving complete resection and negatively
affecting prognosis.

Pancreatic cancer presents unique challenges due to its
aggressiveness and low survival rate. Although surgery is the
only curative treatment, current protocols tend to prioritize
neoadjuvant therapies to select patients eligible for resection
[17]. While this strategy has merit in borderline cases, it can
be detrimental to patients with resectable disease who might
benefit from immediate surgery combined with adjuvant therapies.
Tumor progression during neoadjuvant treatments can result in lost
surgical opportunities, drastically reducing survival chances [18].

In localized prostate cancer, radical prostatectomy remains
the standard for patients with confined disease, providing both
oncological control and definitive prognostic information.
However, in advanced stages, neoadjuvant approaches such as
hormonal therapy have shown utility in reducing tumor volume
and suppressing metastatic potential [19]. Despite their benefits,
these therapies also present challenges, including side effects and a
potential risk of treatment resistance, which could be mitigated by
integrating early surgical strategies [20]. The combination of early
surgery with personalized systemic treatments may offer a more
balanced and effective approach in managing these patients [21].

Z Early Surgery
Provides immediate

intervention, reducing tumor
progression risk.

What is the

optimal :
treatment —— @& Neoadjuvant Therapy
strategy for Prepares tumor for surgery

solid tumors? but may delay intervention.

s.- Combined Approach
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Figure 2: Optimizing Treatment Strategies for Solid Tumors:
Exploring early surgery, neoadjuvant therapy, and combined
approaches to improve outcomes

Impact of Surgical Delay on Clinical Outcomes

The impact of surgical delay on clinical outcomes is a critical
issue in the management of solid tumors, with direct implications
for patient survival and quality of life. Multicenter studies have
documented that postponing surgery beyond an optimal period
significantly increases the risk of recurrence and the incidence
of postoperative complications [22]. This phenomenon can be
partially explained by the persistence of the biological activity of
the primary tumor, which continues to release tumor cells into the
bloodstream and lymphatic system, thereby increasing the risk of
micrometastasis prior to definitive intervention [23].

Additionally, prolonged use of chemotherapy during the
neoadjuvant period can have adverse effects on the patient’s
immune system. Systemic therapies not only induce prolonged
immunosuppression but also disrupt metabolic homeostasis and
compromise the physiological reserves necessary for optimal
postoperative recovery. These limitations may reduce the patient’s
tolerance to adjuvant treatments, ultimately compromising the
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overall effectiveness of the therapeutic approach [24].

In this context, early surgery emerges as a fundamental strategy to
directly address these challenges. By reducing tumor burden at an
early stage, the metastatic cascade associated with the persistence
of the primary tumor is interrupted. Furthermore, early surgical
removal optimizes conditions for planning more effective adjuvant
treatments, as the residual disease burden is lower and the patient
can recover in better immunological condition [25]. This approach
not only improves immediate clinical outcomes but also reduces
the risk of complications associated with the management of
advanced disease, underscoring the importance of prioritizing
surgical interventions at the right time.

Benefits of Early Surgery

Immediate Reduction of Tumor Burden

Early surgery is a cornerstone strategy in the management of solid
tumors, particularly due to its ability to immediately remove the
primary tumor. This benefit has profound physiological, metabolic,
and clinical implications that transform the treatment trajectory
and significantly improve patient outcomes.

One of the most evident advantages of early surgical resection
is the reduction in the metabolic burden tumors impose on the
body. Tumors are not only voracious consumers of glucose and
nutrients but also disrupt host metabolism by releasing pro-
inflammatory cytokines, creating a systemic catabolic state
that accelerates cachexia and compromises the patient’s overall
condition. Surgical removal of the tumor eliminates this metabolic
demand, allowing the body to restore energy homeostasis and
regain more efficient metabolic function. This translates into
improved physical condition and a greater capacity to tolerate
subsequent treatments, mitigating the deterioration associated
with disease progression [26].

Additionally, early surgery interrupts a critical process in tumor
progression: the release of tumor cells into the bloodstream and
lymphatic system. Larger tumors have a greater propensity to
generate micrometastases due to the continuous dissemination
of malignant cells to distant sites. This phenomenon, driven
by uncontrolled angiogenesis and disruption of local barriers,
significantly increases the risk of metastasis before definitive
treatment is initiated. Early resection of the primary tumor not
only halts this release but also reduces the systemic burden
of immunosuppressive factors secreted by the tumor, thereby
enhancing the immune system’s ability to identify and attack
residual tumor cells [27].

Another critical aspect is the prevention of severe local
complications. In colon cancer, for example, delaying surgery can
lead to potentially life-threatening emergencies such as intestinal
obstructions, perforations, or peritonitis, which not only increase
mortality but also compromise patient recovery and the feasibility
of subsequent treatments. These complications often require
emergency surgical interventions under suboptimal conditions,
significantly increasing postoperative morbidity. Planned and
early surgery prevents these complications, ensuring safer and
more efficient clinical management [28].

Improved Tolerance to Subsequent Treatments

The ability of early surgery to enhance tolerance to adjuvant
therapies is another critical benefit in oncology management.
This positive impact stems from a combination of physiological,
immunological, and clinical factors that optimize the patient’s
condition for subsequent treatments.

From a physiological perspective, the reduction of systemic
inflammation associated with tumor burden plays a crucial
role. Tumors release inflammatory mediators that perpetuate a
state of chronic stress in the body, impairing immune function,
metabolism, and recovery capacity. By eliminating the source of
systemic inflammation, surgery allows the body to restore balance,
improving resistance to the adverse effects of therapies such
as chemotherapy and immunotherapy. Studies have shown that
patients undergoing early surgery experience a lower incidence
of severe toxicities during adjuvant treatments, enabling more
effective and consistent administration [29].

Therapeutically, the efficacy of adjuvant treatments is maximized
when tumor burden is low. In immunotherapy, for example, the
immune system can focus its resources on combating residual
tumor cells rather than contending with a large, aggressive primary
tumor. This enhances therapeutic response rates and reduces the
risk of long-term recurrence. In this context, early surgery not
only serves as a method of local control but also amplifies the
immune system’s capabilities and the effectiveness of systemic
therapeutic strategies [30].

Early surgery also provides unique value in the clinical adaptability
of treatment. Surgical resection allows for a comprehensive
analysis of the primary tumor, including detailed histopathological
studies and advanced molecular evaluations. These data provide
critical insights into tumor subtype, aggressiveness, and sensitivity
to specific treatments. For example, molecular profiles obtained
after resection can identify actionable mutations, enabling adjuvant
regimens to be adjusted toward more effective targeted therapies.
This personalization of treatment not only optimizes outcomes
but also minimizes patient exposure to unnecessary therapies,
reducing side effects and improving quality of life [31].

Prevention of Late Complications

Surgical delays in the treatment of solid tumors not only limit
treatment efficacy but also introduce substantial risks of late
complications that could be prevented with early intervention.
These complications affect not only clinical prognosis but also
patients’ quality of life, increasing the therapeutic burden and
associated costs.

In the case of colon cancer, the risk of complications such as
intestinal obstruction and perforation is particularly high in patients
who do not undergo surgery promptly. These complications,
in addition to being potentially life-threatening, often require
emergency surgical interventions performed under suboptimal
conditions. Emergency surgeries carry significantly higher
morbidity and mortality rates compared to planned elective
surgeries, reinforcing the importance of early surgical intervention
to prevent such outcomes [32].

In breast cancer, particularly in aggressive subtypes such as triple-
negative tumors, delaying surgery allows tumor progression to
more advanced or even metastatic stages. This progression not only
limits the available therapeutic options but also drastically reduces
the likelihood of achieving complete remission. Recent studies
suggest that early surgery followed by personalized adjuvant
therapies offers significant advantages in terms of tumor control
and long-term survival in these cases [33].

Tumors in organs such as the lung and pancreas present unique
clinical challenges, where time is a critical factor. In these cancers,
delaying surgery can allow the tumor to invade adjacent structures,
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increasing the technical complexity of the intervention or even
rendering it impossible. Additionally, surgical delays reduce the
likelihood of achieving complete resection, severely compromising
long-term patient survival [34].

Immunological Benefits

Beyond the immediate clinical advantages, early surgery plays a
crucial role in restoring the patient’s immunological capabilities
and enhancing the systemic response against cancer. The
immunological effects of early resection have direct implications
for the efficacy of adjuvant therapies and the prevention of
recurrences.

One of the most significant benefits is the reduction of tumor-
induced immunosuppression. Primary tumors release a variety of
immunosuppressive factors, such as cytokines and exosomes, which
inhibit immune cell activity and create an environment favorable
for tumor progression. The removal of the tumor eliminates this
source of immunosuppression, allowing the immune system to
partially regain functionality. This immunological restoration is
critical for the body to effectively combat residual tumor cells [35].

Early surgery also enhances synergy with immunotherapy,
particularly in treatments based on dendritic cell-derived
exosomes. These therapies, designed to boost the immune response
against specific tumor cells, are significantly more effective when
the immune system is intact and functional. By reducing tumor
burden and restoring the patient’s immune capacity, early surgery
establishes a more favorable foundation for the success of these
innovative therapies [36].

Another key aspect is the activation of immune memory. In
certain cases, surgical resection can trigger a systemic immune
response that is further amplified by adjuvant therapies such as
immunotherapy. This phenomenon, known as the “post-surgical
immunogenic effect,” contributes to the creation of durable
immune memory against cancer, helping to prevent recurrences
and improve long-term clinical outcomes [37].

Table 2: Clinical Impact of Surgical Timing and Adjunct
Therapies in Cancer Management: Analysis of benefits and
limitations of Surgical Delay, Early Surgery, and Adjuvant

Clinical Evidence and Success Stories

The efficacy of early surgery as a central strategy in cancer
management is supported by a robust body of clinical evidence
and case studies demonstrating its positive impact on survival
and quality of life.

In colon cancer, comparative studies have shown that patients
undergoing early surgery exhibit significantly higher survival rates
compared to those receiving prolonged neoadjuvant chemotherapy
prior to surgery. These patients also experience fewer postoperative
complications and better long-term outcomes, highlighting the
importance of prioritizing surgical intervention [38].

For localized breast cancer, the results of early surgery followed
by adjuvant therapies consistently outperform approaches based
solely on neoadjuvant chemotherapy. This is particularly evident
in patients with luminal tumors, where the combination of surgery
and targeted therapies improves disease-free survival and reduces
recurrence rates [39].

In resectable lung cancer, particularly in stages I and II, early
surgery has proven to be highly effective. Surgical resection in
these cases provides a curative opportunity that cannot be achieved
with prolonged neoadjuvant treatments, underscoring its central
role in managing this disease [40].

Finally, in pancreatic cancer—a tumor historically associated
with poor prognosis—early surgery combined with personalized
immunotherapy significantly improves patient quality of life
and increases survival rates. This multidisciplinary approach
has redefined treatment expectations for early resectable stages,
offering new hope for a traditionally devastating disease [41].

Local
Complication
Prevention
Timely surgery prevents

severe complications,

, ensuring safer and more
Surgical removal of

; efficient treatment.
primary tumors halts the

release of tumor cells,
reducing metastasis risk.

Metabolic Burden
Reduction

Early surgery enhances
patient tolerance to
adjuvant therapies by
reducing inflammation
and toxicity.

Treatment
Personalization

Therapies

Aspect Description

Surgical Delay Prolongs tumor activity,
increasing micrometastases

and severe complications.

Prolonged Affects the immune system
Cli apy and ic recovery.
Early Surgery Reduces tumer burden and
optimizes the
immunological
microenvironment.
Prevention of Avoids emergencies like
Local perforations and

Complications obstructions.

Clinical Impact

Higher risk of
recurrence and

metastatic progression.

Reduces tolerance to
adjuvant therapies.

Improves recovery and
enhances adjuvant
therapies.

Lower mortality and
morbidity compared to
emergency surgeries.

Improved ion and

Treatment systemic stress, optimizing
Tolerance conditions for subsequent

therapies.

Immunological Eliminates tumor-induced

Restoration immunosuppression.

P efficacy and
reduces toxicities of
chemotherapy and

immunotherapy.

Enhances
immunotherapies and
reduces risk of

recurrence.

Limitations

Difficulty in identifying
the ideal timing for
surgery.

Severe side effects such
as prolonged

immunosuppression.

Requires precise
candidate evaluation.

Late-stage conditions
increase surgical
complexity.

Prolonged recovery may
limit subsequent

benefits.

Relies on effective

surgical planning,

Early surgery reduces
the metabolic demands
of tumors, restoring
energy balance and
improving patient
condition.

Surgical resection
allows for tailored
adjuvant therapies
based on tumor
analysis.

Figure 3: Key Benefits of Early Cancer Surgery: Early Surgery
Reduces Complications, Enhances Therapy Tolerance, and
Personalizes Cancer Treatment

Integration of Surgery and Personalized Immunotherapy: A
New Frontier in Modern Oncology

Immunological Mechanisms Supporting Early Surgery
Surgery, as a primary intervention in cancer treatment, not only
plays a crucial role in the physical removal of tumors but also
profoundly modulates the dynamics of the immune system. This
multidimensional approach enables personalized immunotherapies
to become more effective by reducing tumor burden and altering
the cancer’s immunosuppressive microenvironment.
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Reduction of Tumor-Induced Immunosuppression

Primary tumors release immunosuppressive cytokines, exosomes,
and growth factors that inhibit immune surveillance. Surgical
removal of these tumors reduces the production of these mediators,
creating a more favorable environment for cytotoxic T cells and
other immune components to identify and eliminate residual tumor
cells. Additionally, this intervention decreases the presence of
immunosuppressive cells such as regulatory T cells and tumor-
associated macrophages (TAMs) [42].

Stimulation of Immune Response

Surgery can induce a massive release of tumor antigens due to the
mechanical disruption of the tumor. This process activates antigen-
presenting cells, including dendritic cells, which subsequently
present these antigens to T lymphocytes in lymph nodes. This
phenomenon is particularly relevant when combined with adjuvant
immunotherapies that enhance T cell activation and stimulate the
production of pro-inflammatory cytokines [43].

Synergy with Immunotherapy

The post-surgical state of the patient, characterized by a
significantly reduced tumor burden, allows immunotherapies
to focus their action on micrometastases and circulating tumor
cells. This targeted approach improves the efficacy of treatments
such as immune checkpoint inhibitors (anti-PD-1/PD-L1) and
therapeutic vaccines [44].

Table 3: Immunological Mechanisms Enhanced by Surgery:
Key Mechanisms by which Surgery Boosts Immune Response
and Clinical Outcomes

Mechanism Description Clinical Impact

Reduction of Surgery eliminates Improves the immune

immunosuppressive factors environment and

released by the tumor.

Immunosuppression
facilitates the elimination
of residual tumor cells.

Immune Stimulation The release of tumor antigens Enhances T lymphocyte

activates antigen-presenting activation and the
cells. antitumor immune

response.

Increases the efficacy of
PD-1/PD-L1 inhibitors and
therapeutic vaccines.

Synergy with Lower tumor burden post-

Immunotherapy surgery optimizes the effect

of immunotherapies.

Immunotherapy Based on Dendritic Cell-Derived Exosomes
(DEX)

Personalized immunotherapy is entering a new era with the
development of dendritic cell-derived exosomes (DEX), which
includes applications ranging from home-based treatments to
self-administration. These extracellular nanoparticles are not
only efficient vehicles for the transport of tumor antigens and
immunomodulatory molecules but also play an active role in
reprogramming the tumor microenvironment and activating both
adaptive and innate immune mechanisms. This approach not
only increases treatment specificity but also generates sustained
immune responses that provide long-term protection against tumor
recurrence [45-47].

Key Mechanisms of Action

Targeted Antigen Presentation

DEX can load and present specific tumor antigens through major
histocompatibility complex (MHC) molecules. This process
facilitates the direct activation of cytotoxic T cells (CD8+),
promoting their expansion and efficacy in attacking residual
tumor cells [46]. The cross-presentation capability of DEX allows

dendritic cells to not only activate cytotoxic T lymphocytes but
also amplify the recognition and destruction of metastatic cells.
Moreover, this strategy is particularly effective in tumor-induced
immunosuppressive environments, a phenomenon driven by the
intrinsic plasticity of malignant cells to evade immune responses.

Activation of NK and CD8+ T Cells

Innate immunity, mediated by natural killer (NK) cells, is critical
for providing an initial attack against tumor cells. DEX facilitates
the early activation of these cells, promoting the secretion of
cytokines such as IFN-y, which intensifies tumor elimination.
This effect is complemented by CD8+ T cells, whose recruitment
and direct activation ensure specific and sustained elimination
of malignant cells. This dual approach, combining innate and
adaptive immunity, maximizes tumor control in both early and
advanced stages.

Induction of Imnmune Memory

A key limitation of conventional therapies, such as chemotherapy,
is the inability to generate immune memory. DEX, on the other
hand, establish a persistent immunological memory that allows
the immune system to quickly recognize and respond to the
reappearance of tumor cells. This mechanism is further reinforced
in extended programs like the Oncovix Extended Program, which,
through successive applications, consolidates immune surveillance
and significantly reduces the incidence of recurrence.

Tumor Microenvironment Modulation

The tumor microenvironment plays a fundamental role in cancer
progression, acting as an immunosuppressive haven. DEX not
only function as immunostimulants but also reprogram this
environment, promoting a favorable balance for antitumor activity.
This effect includes inhibiting immunosuppressive cells, such
as tumor-associated macrophages (TAM), and enhancing the
infiltration of effective T cells at the tumor site. This environmental
adjustment not only limits tumor growth but also prevents the
development of new metastatic sites.

Control of Minimal Residual Disease

Residual tumor cells represent a critical challenge in oncology
due to their potential to cause recurrences and metastases. DEX
have the ability to penetrate deep tissues and activate the local
immune system, specifically eliminating these cells. The capability
of these nanoparticles to target tumor cells in hard-to-reach regions
underscores their importance in managing minimal residual
disease, especially in patients in partial remission.

Interruption of Tumor Angiogenesis

Angiogenesis, the formation of new blood vessels, is an essential
process for tumor nourishment and expansion. DEX intervene by
blocking this process, restricting the tumor’s access to essential
nutrients and, consequently, inhibiting its growth and spread.

Regulation of the Immune System

DEX also play a crucial role in regulating immune responses,
preventing the immune system from developing tolerance to tumor
cells. This fine-tuned regulation ensures continuous surveillance,
promoting a balance between effective immune activation and the
prevention of autoimmune responses.

Control of Tumor Apoptosis

In addition to promoting the direct elimination of malignant cells,
DEX induce programmed cell death (apoptosis) in tumor cells.
This mechanism is further enhanced by the production of cytokines
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such as TNF-a, which amplifies the apoptotic cascade.
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Figure 4: Mechanisms of DEX Immunotherapy: Key DEX
mechanisms: Angiogenesis Interruption, Immune Activation,
and Tumor Microenvironment Modulation

Practical Cases of Surgical and Immunological Integration
The combined use of early surgery and personalized immunotherapy
has shown promising results across various types of cancer,
establishing an emerging standard in multimodal treatment.

Colon Cancer: Patients undergoing early surgery followed
by adjuvant immunotherapy have demonstrated a significant
reduction in recurrence rates and improved quality of life. This
approach is particularly beneficial in cases of locally advanced
tumors, where early intervention reduces the dissemination of
tumor cells [48].

Breast Cancer: In highly aggressive subtypes, such as
triple-negative breast cancer, the combination of surgery and
immunotherapy has proven effective in reducing the risk of
relapse. Clinical studies highlight a significant improvement in
overall survival, attributing this benefit to the synergy between
surgical removal of the tumor mass and immune activation [49].

Lung and Pancreatic Cancer: Historically challenging to treat,
these cancers have shown notable progress with the implementation
of combined strategies, particularly in early disease stages.
Surgery reduces tumor burden, while immunotherapy enhances
the elimination of residual malignant cells, improving long-term
outcomes [50].

Conclusion: Transforming the Oncological Paradigm

The integration of early surgery with personalized immunotherapy
represents a fundamental shift in the current paradigms of cancer
management. This synergistic approach simultaneously addresses
tumor burden, minimal residual disease, and the immune system’s
capacity to generate memory, establishing a more effective
and durable treatment model. By combining advancements in
immunotherapy with surgical precision, outcomes in terms of
survival, disease control, and patient quality of life have markedly
improved [51,52].

Clinical Impact of Early Surgery

Early surgery plays a decisive role in the evolution of cancer
treatment by acting not only as a means to rapidly reduce tumor
burden but also as a facilitator of adjuvant interventions.

Immediate Tumor Burden Reduction

Surgical removal of the primary tumor alleviates the metabolic
pressure exerted by the neoplasm on the body, allowing for
efficient redistribution of metabolic resources toward tissue
regeneration and immune activation [53]. This process enhances
the immune system’s ability to address residual tumor cells and
micrometastases.

Prevention of Clinical Complications

Severe complications such as obstructions, perforations, and
hemorrhages, common in advanced tumors, can be avoided with
timely surgical intervention. This not only reduces associated
morbidity but also improves the patient’s functional state,
preparing them for adjuvant therapies [54].

Optimization of the Environment for Adjuvant Therapies

Removal of the primary tumor reduces the release of
immunosuppressive factors and pro-inflammatory cytokines,
creating a more favorable immunological environment for therapies
like dendritic cell-derived exosomes to act more effectively [55].

Strategic Benefits of Personalized Immunotherapy
Personalized immunotherapy has revolutionized cancer treatment
by focusing on strategies that specifically and durably activate and
modulate the patient’s immune system.

Generation of Immune Memory

Treatments based on dendritic cell-derived exosomes train the
immune system to recognize and eliminate recurrent tumor
cells. This establishes an immune surveillance mechanism that
significantly reduces the risk of relapse [56].

Better Tolerance and Quality of Life

Unlike traditional treatments such as chemotherapy, which often
cause severe side effects, immunological therapies are generally
better tolerated, allowing patients to maintain a more active
lifestyle during treatment [57].

Effective Control of Minimal Residual Disease

Minimal residual disease (MRD) is a leading cause of metastasis
and recurrence. The combination of surgery and personalized
immunotherapy offers a comprehensive approach to eliminating
these persistent cells, improving long-term disease control [58].

DEX Immunotherapy

Dendritic cell-derived exosomes represent a multifaceted
therapeutic tool capable of integrating innate and adaptive
immunological strategies to provide deep and sustained cancer
control. Their ability to induce immune memory, modulate the
tumor microenvironment, and block tumor evasion mechanisms
positions this technology as an essential pillar of modern
oncological immunotherapy. This innovative approach not only
addresses the disease in its current state but also offers long-term
protection, establishing a new standard in comprehensive cancer
management.
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Figure 5: Benefits of Integrating Early Surgery and Personalized
Immunotherapy: A Combined Strategy to Reduce Tumor Burden,
Prevent Complications, and Optimize Therapies

Critical Review of Current Oncological Paradigms

The conventional approach that prioritizes neoadjuvant
chemotherapy before surgery warrants a reevaluation based on
recent evidence. While it may be beneficial for advanced tumors,
it is not always ideal for patients in early stages or with good
functional status.

Adaptation to Patient Heterogeneity: Treatment personalization
must consider factors such as tumor type, aggressiveness, and the
patient’s ability to tolerate different therapeutic modalities [59].

Evidence of Better Outcomes with Early Surgery: Recent
clinical trials have demonstrated that early surgery, followed by
personalized immunotherapy, significantly improves survival and
reduces recurrence rates compared to traditional strategies [60].

Proposal for a Paradigm Shift: Healthcare systems should evolve
toward care models that prioritize early surgical intervention
when appropriate, complemented by targeted and personalized
therapies [61].

Implications for Clinical Practice and Research

Adopting this combined strategy has profound implications for
medical practice, the training of multidisciplinary teams, and the
development of public policies.

Professional Training: Oncology teams must be trained in
combined approaches that integrate surgery and personalized
immunotherapy, ensuring optimal management for each patient
[62].

Equitable Access to Advanced Therapies: Given that many
immunotherapies are not yet universally available, it is crucial to
develop policies that ensure equitable access to these innovative
technologies [63].

Translational Research: High-quality multicenter clinical trials
are needed to evaluate the efficacy of these combinations across
different cancer types and patient populations.

Future Perspectives

The future of oncology depends on the effective integration
of surgery with advanced technologies such as personalized
immunotherapy, guided by precision tools.

Use of Biomarkers
Identifying predictive biomarkers will allow the selection of patients
who will benefit most from early surgery and immunotherapy [60].

Therapeutic Advances

Emerging technologies such as exosomes, CAR-T therapies, and
immune checkpoint inhibitors continue to expand options for
addressing even the most aggressive tumors [61].

Artificial Intelligence and Big Data Analysis
These tools will facilitate the personalization of treatments,
optimizing both clinical decisions and long-term outcomes [63].

Final Reflection

Integrating surgery and DEX immunotherapy represents a
transformation in modern cancer management, distinguished by
its ability to comprehensively address tumor burden at any stage
of the disecase. While surgery serves as a decisive tool for the
rapid removal of the primary tumor and the reduction of local
complications, DEX immunotherapy complements this approach
by enhancing immune responses, preventing residual disease, and
generating long-term immune memory. This synergistic approach
redefines treatment paradigms, offering a flexible therapeutic
strategy that not only optimizes clinical outcomes but also
significantly expands management options for patients in both
early and advanced stages. Emerging evidence highlights that,
regardless of when surgery is performed, the support of DEX
immunotherapy maximizes its impact, solidifying an integral
treatment model that sets new standards in personalized oncology.

The combination of surgery and personalized immunotherapy
redefines the standards of oncological care, offering a
comprehensive strategy that improves both clinical outcomes
and patients’ quality of life. This approach, supported by a robust
body of scientific evidence, promotes a transition toward more
personalized, equitable, and evidence-based oncology [62,63].
With the collective commitment of clinicians, researchers, and
policymakers, this model has the potential to transform the
landscape of cancer treatment, optimizing not only survival but
also the hope for a fuller life for patients.
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