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Abstract
The action of the immune system against neoplastic diseases 
has become one of the main sources of research. The biological 
pathways of this system are known to contribute in limiting the 
progression and elimination of the tumor, and are delineated 
by concepts and mechanisms of immunosurveillance and 
immunoediting. Immunosurveillance is considered the process 
by which the immune system recognizes and inhibits the 
neoplastic process. The concept of immunoediting arises in the 
sense that immune system is able to shape the antigenic profile 
of the tumor due to selective pressure, based on the stages of 
tumor elimination, balance and evasion. The immune response 
occurs against tumor antigens and changes in the tumor 
microenvironment, involving different components of the innate 
immune system, such as T cells, natural Killer cells, B lymphocytes 
and macrophages. In this sense, knowing these concepts and 
understanding their respective mechanisms becomes essential 
in the investigation of new strategies for cancer prevention and 
cure. Thus, this review presents historical aspects and definitions 
of immunosurveillance and tumor immunoediting, with emphasis 
on its importance and applicability, such as on the different 
methods used in immunotherapy.
Keywords: immunocompetence; tumor immunology; 
immunotherapy; tumor progression; immune system

Resumo
A ação do sistema imunológico contra as enfermidades 
neoplásicas tem se tornado uma das principais fontes de pesquisa 
na atualidade. As vias biológicas desse sistema são conhecidas por 
contribuir na limitação da progressão e na eliminação do tumor, 
e são delineadas por conceitos e mecanismos de imunovigilância 
e imunoedição. A imunovigilância é considerada o processo 
pelo qual o sistema imunológico reconhece e inibe o processo 
neoplásico. O conceito de imunoedição surge no sentido de que 
o sistema imune é capaz de moldar o perfil antigênico do tumor 
devido à pressão seletiva, baseada nas etapas de eliminação, 
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equilíbrio e evasão tumoral. A resposta imunológica ocorre contra 
antígenos tumorais e modificações do microambiente tumoral, 
envolvendo diferentes componentes do sistema imune inato, como 
células T, células natural Killer, linfócitos B e macrófagos. Nesse 
sentido, conhecer esses conceitos e compreender seus respectivos 
mecanismos torna-se essencial na investigação de novas estratégias de 
prevenção e combate ao câncer. Dessa forma, esta revisão apresenta 
aspectos históricos e definições de imunovigilância e imunoedição 
tumoral, com ênfase em sua importância e aplicabilidade, assim como 
aos diferentes métodos utilizados em imunoterapia. 
Palavras-chave: imunocompetência; imunologia tumoral; 
imunoterapia; progressão tumoral; sistema imune

Introduction

The term immunity, from the Latin immunitas, has been used throughout history 
to elucidate the protection of an organism against pathogens, especially those of 
infectious origin. Cells and molecules with immunological properties were referred to 
as the immune system and the set of their actions against threats as immune response, 
being immunology, the branch of science developed for the study of these constituents. 
It became clear over time that the immune system responded not only to infectious 
agents but to any agent and/or substance considered as foreign to the organism, 
including tumor cells(1–4). 

In the mid-twentieth century, the discovery of new cell components of the immune 
system, such as natural killer (NK) lymphoid cells, as well as the deepening of studies 
involving neoplastic origin and development, led to the formulation of theories that 
correlate the performance of the immune system to the presence of tumor cells. The 
possibility that immune responses would be able to eradicate tumors altogether in its 
early development stages led to the concept of tumor immunosurveillance(5–8).

Considering new findings, however, immunological processes triggered in the attempt 
to eliminate tumor cells, unlike the desired one, could have a powerful influence on 
the disease progression through indirect selective pressures. Therefore, the concept 
of immunosurveillance evolves tumor immunoediting, which is characterized by three 
stages: tumor cells elimination by the immune action, balance between the immune 
system and the remaining neoplastic components, and evasion of neoplasm to immune 
components(5,6,9).

In view of the interrelationships of the immune system and neoplasms, research 
lines aiming at reestablishing the anti-tumor immunological effectiveness have been 
developed, such as immunotherapy protocols, which have presented promising results 
and have as a principle the inactivation of evasion mechanisms of tumor cells by 
immune cells(7,10,11). Thus, this study aimed to present historical aspects and definitions 
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of tumor immunosurveillance and immunoediting, highlighting their importance and 
implications.

Tumor immunosurveillance — Mishaps throughout history

In 1909, the scientist Paul Ehrlich proposed that natural defense mechanisms of an 
individual would be able to fight tumor cells and prevent neoplastic development. 
Ehrlich believed that with aging and cell renewal, the development of atypical cells 
would be normal, most of which would remain latent due to the ability of the body in 
blocking their evolution. However, the limited knowledge on the topic in this period and 
the limitation of experimentally proving this hypothesis led to its oblivion for years(6,12).  

In the early 1950s, Lewis Thomas and Frank MacFarlane Burnet suggested that tumor 
cell-specific antigens, referred to as neoantigens, were able of inducing an immune 
reaction against cancer, initiating the theory of tumor immunosurveillance(1,12). 
According to Dunn et al.(5), Burnet defined tumor immunosurveillance as follows: In large 
long-lived animals, like most of the warm-blooded vertebrates, inheritable genetic changes 
must be common in somatic cells and a proportion of these changes will represent a step 
toward malignancy. It is an evolutionary necessity that there should be some mechanism 
for eliminating and inactivating such potentially dangerous mutant cells and it is postulated 
that this mechanism is of immunological character.

Faced with the scientific and medical potential permeating immunosurveillance, in the 
following decades, numerous experiments were carried out to confirm or refute its 
assumptions. Grounded on a possible action of the immune system on tumor cells 
originating from the body itself, the majority of the experiments conducted between 
the 60s and 80s aimed to assess whether immunocompromised individuals would 
present a higher neoplastic incidence than those immunocompetent(5,6). For this, in 
several studies immunosuppression was induced in mice through thymectomy, drug 
use or anti-lymphocyte agents, expecting further development of spontaneous or 
chemically induced tumors when compared to control mice with an efficient immune 
system. However, the results were contradictory since immunosuppressed and 
immunocompetent animals presented similar rates of tumor development(5,13).

In the 1960s, mouse strains with gene mutations that result in deterioration or absence 
of the thymus (athymic nude mouse)(5,6) were found to be naturally immunosuppressed 
due to their inability to generate mature T lymphocytes. This finding has contributed 
to the study of immunosuppressive diseases, including the attempt to prove the 
immunosurveillance theory. However, the results remained similar to those of 
previous experiments, with no significant differences in neoplastic manifestation 
among immunocompromised and immunocompetent individuals. These results were 
abandoned since they did not contribute to the confirmation of immunosurveillance 
and other study strands on tumor immunology were considered(5,13,14).

In the early 1970s, with the confirmation of the existence of NK lymphoid cells and 
the possibility of their role as immunosurveillance effector tools, it rekindled the 
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scientific curiosity about the theory. However, the lack of knowledge and difficulty in 
understanding the action of NK cells soon led to the theory of immunosurveillance 
being ignored again(10,15,16). 

In the mid-1990s, two new discoveries were responsible for regaining interest in this 
theory. The first discovery was the endogenous production of interferon gamma (IFN-γ), 
a protein capable of protecting the host against the growth of transplanted tumor cells, 
preventing the development of chemically induced tumors as well as spontaneous 
tumors(17). The second discovery showed that certain non-perforin-producing mice 
strains were more susceptible to the development of chemically induced tumors when 
compared to strains that produced it. Perforins are cytotoxic components of cytotoxic 
granules of T lymphocytes (TL) and NK cells that play an important role in mediating cell 
death of different cell types, including tumor cells, by facilitating the entry of granzymes, 
cytolytic proteases, into their interior(18–20). 

Thus, it was clear at that time that components of the immune system were directly 
related to the primary control of neoplastic development(2,5). The confirmation of tumor 
immunosurveillance, however, occurred in the late 1990s in research with mice bearing 
gene mutations that culminated in the absence of recombination activating genes 1 
and 2 (RAG-1 and RAG-2). RAGs are essential to the processes of development and 
maturation of B lymphocytes (BL), TL, and NK, and their absence results in severe 
immunodeficiency(21,22). Thus, experiments with strains of immunodeficient mice 
have shown, without any doubts, that lymphocytes were responsible for fighting and 
preventing induced and spontaneous neoplasms(6,23).

Since then, other strains of test subjects with specific gene alterations have been 
created through the genetic manipulation that results in the deficiency of important 
components of the immune system. Studies with these animals confirmed the theory of 
tumor immunosurveillance and the importance of its constituents at genetic, chemical, 
and molecular levels(23). Tumor immunosurveillance is currently defined as the process 
of monitoring, detecting, and eliminating tumor cells in the body before they originate 
neoplastic masses(1,13).

Tumor immunoediting — an evolutionary need
After confirming the immunosurveillance, other research lines sought to answer the 
reason for the development of neoplasms in immunocompetent individuals since, in 
theory, their immunosurveillance mechanisms would be intact and functional. Thus, 
theories about the selection of low immunogenic tumor cell phenotypes, i.e. capable 
of stimulating a lower immune response, were postulated, being able to survive and 
proliferate(12) (Figure 1).

Experiments have shown that immunodeficient individuals present variants of tumor 
cells with a higher immunogenic potential when compared to immunocompetent 
individuals, demonstrating that the immune system of the host, in fact, exerts influence 
in the selection of tumor cells with a higher aptitude for survival. These cells are capable 
of resisting the immunological action of tumor suppression of the organism by various 
means, commonly referred to as tumor evasion mechanisms(5,13). 
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Faced with the discovery that the immune system can both prevent and contribute 
to neoplastic development, the initial hypothesis of immunosurveillance, which 
included detection and control of tumor cells by the immune system, needed to be 
complemented. In this context, Gavin Dunn and Robert Schreiber proposed in 2002 
the concept of tumor immunoediting, which covers aspects of immunosurveillance 
and process of tumor progression(13,24). Therefore, tumor immunoediting represents 
the ambiguous aspect of the immune system against neoplasms, being this definition 
based on three stages referred to as “the three E of cancer immunoediting”: elimination, 
equilibrium, and evasion(6,23,25).
The elimination stage includes the concept and mechanisms of immunosurveillance, 
i.e. the immune system is mobilized to detect and eliminate tumor cells before the 
proliferation. These actions involve components of the innate immune system, such as 
NK cells, gamma delta lymphocytes (Tγδ), and macrophages, and those of the acquired 
immune system, such as CD8+ cytotoxic T lymphocytes (CTL), CD4+ helper T lymphocytes 
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(TH), regulatory T lymphocytes (Treg), and LB(1,26,27).    
Immune cell response can be initiated against tumor antigens and/or stromal changes 
occurring in the neoplastic microenvironment. Stromal remodeling induced by tumor 
cells induces the release of pro-inflammatory mediators, which, in association with 
the release of cytokines by tumor cells, promote the migration of inflammatory cell 
components to the site of neoplasm. Once recruited, NK cells, Tγδ, and macrophages 
recognize molecules bound to neoplastic cells through binders such as NKG2D 
transmembrane proteins and CD1 glycolipid complexes(6,28,29).  
After recognition of tumor cells, IFN-γ is released by lymphocytes, inducing the local 
production of chemokines, pro-inflammatory cytokines that promote the recruitment 
of more immune cells from the innate immune system. Among them, there are the 
macrophages, which, in turn, release interleukin-12 (IL-12), which induces the recruitment 
of NK cells, promoting a positive feedback system. The increased IFN-γ production 
activates cascades of associated events such as the release of mediators that prevent or 
reduce cell proliferation, as well as pro-apoptotic and angiostatic substances, processes 
that result in the elimination of a greater number of neoplastic cells. In addition, IFN-γ-
activated macrophages also release reactive oxygen species (ROS), lysosomal enzymes, 
nitric oxide (NO), and tumor necrosis factor-alpha (TNF-α), all with tumoricidal action(4). 
There is an increase in the release of tumor antigens in the medium due to the death of 
tumor cells and subsequent activation of the acquired immune system(6).
In this sense, dendritic cells (DC) are activated by exposure to cytokines or interaction 
with NK cells and acquisition of antigens from the medium. Activated DC migrate to 
regional lymph nodes, where it induces CD4+ TL proliferation, which stimulate CD8+ 
TL multiplication through the antigenic presentation by the major histocompatibility 
complex I (MHC-I), a DC-mediated process(27,30,31).
The development of a specific immune response to neoplasm enables the host 
organism to eliminate the tumor in development. CD4+ and CD8+ cells identify tumor 
antigens expressed by tumor cells and promote their elimination through a series 
of mechanisms(1,6). CD4+ TL cells produce interleukin-2 (IL-2) which, in association 
with interleukin-15 (IL-15) produced by organism cells, stimulate the production and 
maintenance of CD8+ TL. They, in turn, can induce directly the death of tumor cells 
through perforin secretion and indirectly the production of high rates of IFN-γ, processes 
that frequently occur concomitantly(19,32). 
According to Dunn et al(6), the stage of elimination of cancer immunoediting is a 
continuous process, which needs to be repeated every time tumor cells present new 
antigens. Thus, it is understandable that with aging, and a consequent decline in the 
functions of the immune system, neoplasms prevail in elderly individuals.
In the equilibrium stage, variants of tumor cells that were able to survive to the 
elimination stage and the immune system of the host enter into a kind of dynamic 
equilibrium. Immune cells and their mediators, in attempt to eliminate the threat, exert 
a constant and powerful selective pressure on the tumor to contain it, yet it is unable 
to extinguish it. This is due to neoplastic heterogeneity due to genetic instability and 
epigenetic alterations, which are factors inherent to any neoplasm. Thus, neoplastic 
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subclones less and less immunogenic, which eventually promote disease progression, 
are selected over time. However, the equilibrium stage is estimated to be the longest 
among the three of the immunoediting stages and may persist for years or even 
throughout an individual’s lifetime(33,34).
During the evasion stage, neoplastic variants with lower immunogenic potential acquire 
proliferative capacity and give continuity to the disease. For tumor cells to reach this 
stage, they must be able to overcome the potent immune barriers of the innate and 
acquired immune systems. This is possible by acquiring immuno-invasive strategies by 
neoplastic subclones with greater malignant potential and, consequently, survival and 
evolution(33,35). 
In the last two decades, much of the research related to oncology seeks to determine 
the molecular basis of mechanisms of tumor evasion developed by tumor cells. 
Currently, it is determined that direct and indirect mechanisms linked to these cells may 
be responsible for inhibiting antitumor immune responses related to the neoplastic 
microenvironment, neoplastic, inflammatory, mesenchymal, stromal, and vascular 
cells, as well as to the extracellular matrix, and soluble and signaling molecules(36,37).
Cell constituents of the tumor microenvironment include BL, TL, Treg, NK cells, 
macrophages, granulocytes, mast cells, DC, eosinophils, and even immature myeloid 
cells, known as myeloid-derived suppressor cells (MDSC). In contrast to immune 
responses from pathogens, immune cells in a neoplastic environment have altered 
functions. In addition to the stromal components, these cells form a complex network 
of metabolic interactions that favor neoplastic proliferation and progression, being 
able of modulating evasion mechanisms(21,36,38). According to Kerkar and Restifo(36), 
MDSC is able to differentiate into macrophages, DC, and endothelial cells in response to 
powerful proliferative stimuli induced by tumor cells. Like other immune cells activated 
by unconventional mechanisms, they acquire phenotypic alterations and differentiated 
functional profiles in order to lead TL suppression.
According to Zitvogel et al.(39), the understanding of the neoplastic microenvironment 
and its functions has a direct impact on tumor immunosurveillance and immunoediting, 
as well as on immune responses induced by the different treatments in patients with 
neoplastic disease, which contributes to the prevention and treatment of cancer.
Every day new discoveries are made about the interaction between the immune system 
and tumor cells. The increasing potential of neoplasm treatment through immunological 
approaches has led to one of the areas currently studied by researchers linked to 
oncology, the immunotherapy. Considering that patients with neoplastic disease have, 
in one way or another, impairment of functions of their immune system, immunotherapy 
aims at modulating and increasing the antitumor performance of the immune system 
in order to renew its capacity to combat and eliminate tumor cells(17,40–42). 

Applications and perspectives of immunotherapy in oncology

Immunotherapy has become one of the most promising strategies in the management 
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of human and animal patients with cancer, since it results in long-lasting antitumor 
responses, and reduces the rates of metastases and recurrences(43). Studies using 
dogs and other animal species as experimental models have validated the potential 
of immunotherapy against many neoplastic entities, such as bladder cancer(44), 
hemangiosarcoma(45), transmissible venereal tumor(46), oral melanoma(47), lymphoma(48), 
and mammary gland tumors(49).
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Several techniques and therapeutic approaches in the field of immunotherapy have 
been investigated and applied in oncology, such as immunological modulation with 
the use of cytokines(50), checkpoint inhibitors, adoptive cell therapy with T cells(51), 
application of oncolytic viruses, vaccines(52), and monoclonal antibodies(53) (Figure 2). 
These, checkpoint inhibitors and cytokines are forms of immunotherapy that have the 
widest range of scientific investigation and application.

With regard to the checkpoint inhibitors, the commonly adopted strategies involve 
blocking molecules such as PD-1 / PD-L1 and CTLA4, which interact in association with T 
cells and result in tumor recognition, inactivation and regression(54,55). In humans, there 
was a significant increase in the clinical impact of these strategies, mainly in terms of 
combined therapy with radiotherapy(56) and chemotherapy(57). In contrast, in veterinary 
medicine, clinical studies in animals are scarce due to the restriction of therapeutic 
antibodies, however, pilot tests performed by Maekawa et al.(53), showed that checkpoint 
inhibitors can be effective in the treatment of oral melanoma and undifferentiated 
sarcomas in dogs.

The use of cytokines, mainly interferons and interleukins, has a different approach 
of checkpoint inhibitors, since they directly stimulate the growth, maturation and 
activity of cells from the immune system, such as NK cells and lymphocytes. Studies 
demonstrate that human interleukins, such as IL-12 and IL-15, generates a satisfactory 
antitumor response in canine patients(58,59). These results corroborate the observations 
of Frampton et al.(60), when investigating molecular signatures of regression of the 
transmissible venereal tumor in dogs. They observed that chemokines trigger the 
invasion of NK, CD8, and CD4 cells, helping the tumor regression and its elimination.

The adoptive cell therapy of T cells (ACT) has been shown to be efficient against 
malignant neoplasms of the hematopoietic system and melanomas in humans(61). This 
technique involves the implantation of specific T lymphocytes in the patient organism, 
using lymphocytes from the autologous tumor or the peripheral blood, which are 
genetically modified and express specific anti-tumor T cell receptors (TCR) or chimeric 
antigen receptors (CAR)(62,63).

The use of modified T cells to express CAR is the recent focus of many researchers since 
it is considered the most advanced clinical form of adoptive therapy for the treatment 
of lymphomas and leukemias in humans(64). Likewise, Mata et al.(65) showed, for the first 
time, the effectiveness of ACT when developed an efficient strategy in the generation 
of canine T cells expressing CAR. In addition, Panjwani et al.(66) established, also for the 
first time, a model to evaluate therapy with T-CAR cells, using dogs with spontaneous 
diffuse B-cell lymphoma, with results that allow a better design of clinical studies in 
human beings.

In the same context, even with questions to be clarified, such as dose and application 
intervals, the administration of oncolytic viruses is seen as an interesting and plausible 
biological therapy in oncology. The virus can act directly, since it is capable of infect 
tumor cells and result in cell lysis, or, indirectly, stimulating and modulating the 
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patient’s immune system(67). Several viral species have been evaluated in the treatment 
of canine neoplasms, such as transitional bladder cell carcinoma(68), melanoma(69), T-cell 
lymphoma(70), and mast cell tumor(71).

Adding, one of the oldest techniques involves vaccines, making it an attractive method 
due to its practicality and ease of preparation, using several primary sources, which 
resulted in the offer of several tumor vaccines for dogs, however, missing comprehensive 
clinical studies(72). The use of autologous vaccines has shown similar and satisfactory 
responses when compared to conventional treatments, as evidenced by preliminary 
studies in canine patients with hepatocellular carcinoma, mast cell tumor, sarcoma of 
soft tissue(73), metastatic hemangiosarcoma(74), and osteosarcoma(75).

However, experimental results with tumor vaccines have shown limited benefits, mainly 
related to nonspecific activation of the immune system and, in cases of solid tumors, 
there are reports of an exacerbated inflammatory reaction at the application site(72). 
For this reason, new methodologies have been evaluated, such as the investigation 
of a checkpoint inhibitor vaccine for the treatment of canine melanoma(76), and the 
development of a canine telomerase DNA vaccine(77,78). These products were able to 
generate specific immune response, mainly with a significant increase in T cells.

Although in its initial phase, studies have evaluated the development of new monoclonal 
antibodies as potential immunotherapeutic agents for the treatment of cancer in dogs. 
Unlike medicine, in veterinary oncology the development of these antibodies is still 
incipient, since according to Klingemann(72), there is a shortage of targetable antigens 
detected in animal species. These immunotherapeutic act as targeted therapy when 
interacting with target antigens of tumor cells and immune cell receptors, such as 
macrophages and NK cells, resulting in cytotoxic effects and apoptosis(79,80).

The search for “caninized” antibodies has been the subject of investigations, as reported 
by Singer et al.(81), which showed high specificity of the anti-EGFR antibody, which was 
effective in the recognition of canine tumor cells that overexpress EGFR. Lisowska 
et al.(82) and Mizuno et al.(83), also contributed significantly when developed different 
monoclonal antibodies capable of acting against canine lymphoma, with satisfactory 
results in vivo. In addition, therapeutic clinical trials with anti-podoplamine antibody in 
dogs with melanoma suggest a potential antitumor effect without important adverse 
effects(84).

Unfortunately, both in medicine and in veterinary medicine, the results of immunotherapy 
are still limited to a minority of patients with certain types of neoplasia, with complex 
challenges to be clarified, aiming at better management of immunotherapy in cancer 
patients(52). For example, cytokine therapy can trigger toxic conditions that result in 
sepsis-like syndrome and, in severe cases, multiple organ failure(34). Adding, there are 
intrinsic and extrinsic factors of the tumor cell that result in primary, adaptive and 
acquired resistance to immunotherapy(85).

Due to these limitations, additional techniques with the use of nanotechnology 
are also investigated, mainly associated with anti-tumor vaccines and the tumor 
microenvironment modulation process(43). Thus, nanoparticles, such as liposomes, 
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dendrimers, micelles, polymer nanoparticles, nanotubes, and inorganic nanoparticles, 
are a valuable tool for immunotherapy, since they are capable of directing the therapeutic 
agent to the tumor(86–88) (Figure 3).

Despite recent and strict studies, the use of nanoparticles in association with 
immunotherapy was reported by Chariou et al.(89), who presented, in a mouse 
melanoma model, nanoparticles with virus-based oncolytic potential. Still, in a model 
of rectal carcinoma in mice(90) and in spontaneous canine glioma(91), the combination 
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of nanoparticles with immunotherapeutic agents shows that nanomedicine directed 
to the tumor microenvironment inhibits immunosuppressive cells and significantly 
enhances immunotherapeutic agents.

Thus, its important understand that events that integrate tumor immunology are not 
simple, and it requires knowledge of the immunological bases, its constituents, functions 
and molecular interactions, as well as the general neoplastic physiopathology and 
each tumor variant. Neoplasms are unique and unstable organisms, with cells having 
different degrees of heterogeneity, forming different microenvironments, with which 
they interact and trigger specific reactions. The understanding of immunosurveillance 
and neoplastic immunoediting is, therefore, one of the main starting points for 
understanding of complex and not fully clarified concepts, but essential in the search 
for preventive and therapeutic tools aimed at neoplastic diseases.

Final Considerations

The evolution of tumor immunology, leading to the deepening of the events that are 
part of immunosurveillance and immunoediting processes, contributes significantly to 
a better understanding of the mechanisms associated with neoplastic development and 
progression. Thus, the detailing of interactions between components of the immune 
system and tumor cells has an important impact on the prevention and treatment of 
cancer since it allows the development of more effective counterattack strategies.
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