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Abstract 

Introduction: Immunotherapy, or the utilization of the immune system in fighting cancer, has been of interest as of late. 

Many different immunotherapy strategies exist, such as modifying T cells, generating cancer vaccines, as well as using 

chemokines, to elicit a strong anti-tumor response. As a strong emerging field in cancer research, this paper aims to conduct a 

scoping review to investigate the current research in immunotherapy targeting cancer and to summarize popular methods 

versus under-researched topics in the field.  

Methods: This scoping review follows PRISMA. Articles were found using MEDLINE, Scopus, and EMBASE, and were 

then screened using inclusion and exclusion criteria using the title and abstracts and then the full text. After the screening 

stage, papers chosen were categorized depending upon the authors’ main method of adapting the immune system to target 

cancer.  

Results: A total of 194 articles were included in this review. From the 194 articles, the method with the greatest amount of 

research in adapting the immune system to attack cancer are CAR-T cells, with 31 articles (16.0%). The second greatest 

category was cancer vaccines (28 articles; 14.4%), the third largest was other T cell-based immunotherapy strategies (25 

articles; 12.9%) and the fourth largest was generating antibodies (24 articles; 12.4%). Other notable categories include 

cytokines and immune checkpoint inhibitors, while the smallest categories include bacteria, natural medicine, and 

nanoparticles. 

Discussion: The main fields of CAR-T cells, cancer vaccines, and antibodies commonly target tumor antigens involved in 

either tumor proliferation and progression or cancer invasion and metastasis. Further research is needed to demonstrate the 

strengths or limitations of using one immunotherapy technique over the other when it comes to inhibiting both of these 

cancer hallmarks. Furthermore, the review identifies multiple promising future avenues of immunotherapy that are currently 

less extensively investigated, such as adapting other immune cells, coupling immunotherapy techniques with nanoparticles, 

or using bacteria proteins to elicit a stronger immune response.  

Conclusion: This review aids in summarizing current focuses in the field of immunotherapy and provides future avenues and 

next steps for cancer research for new scientists pursuing a career in cancer research.  
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Introduction 

In a landmark paper published in 2000, Hanahan and 

Weinberg proposed the existence of six hallmarks of cancer 

that describe how tumors are able to grow and develop [1]. 

They argue that human tumor pathogenesis is a multistep 

process, where tumor cells acquire traits that ultimately lead 

them to become tumorigenic and ultimately malignant. These 

traits include the development of the tumor itself, such as 

self-sufficiency in growth signals, limitless replicative 

potential, sustained angiogenesis, tissue invasion and 

metastasis, insensitivity to anti-growth signals, and evading 

apoptosis [1]. 

However, as the cancer field progressed and new 

research emerged, the original six characteristics were no 

longer sufficient to describe the many ways cancers develop, 

resulting in Hanahan and Weinberg adding two new 

hallmarks of cancer in 2011 [2]. The first new hallmark, 

deregulating cellular energetics, describes the ability of the 

tumor to modify cellular metabolism to enable its own 

proliferation.  The second hallmark, avoiding immune 

destruction, describes how cancer cells evade immunological 

destruction by T cells and B cells, among other immune 

cells. Finally, the authors also included the existence of two 

enabling characteristics, genome instability and tumor-

promoting inflammation [2] to provide a comprehensive 
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framework of our understanding of cancer and how tumors 

develop today.  

More specifically, the ability for tumors to avoid 

immune destruction has garnered a significant amount of 

attention in the field and has resulted in the development of 

cancer immunotherapy. Unlike traditional treatments for 

cancer, such as radiotherapy or chemotherapy, 

immunotherapy attempts to modulate the immune system to 

attack cancer cells. Many different immunotherapy strategies 

exist, such as modifying T cells, generating cancer vaccines, 

as well as using chemokines, to elicit a strong anti-tumor 

response [3]. Due to the large amount of research in the field, 

the objective of this scoping review is to summarize the most 

recent developments in immunotherapy since 2000, and to 

identify which methods have been most extensively 

researched versus other areas that are under-studied in the 

field.  

 

Methods 

This review adheres to the PRISMA (Preferred 

Reporting Items for Systematic Reviews and Meta-analysis) 

Statement [4]. The electronic search was conducted using 

online databases MEDLINE, Scopus, and Embase in 

September 2022 to search for papers with terms relating to 

immunotherapy and cancer. For inclusion in the scoping 

review, articles were required to have an approach that 

modifies the immune system either directly (modifying the 

immune cells themselves) or indirectly (utilizing drugs, 

antibodies, or antigens that will affect the immune system in 

some way, for example) as a treatment for cancer. Only peer-

reviewed primary research articles that were published 

between 2000-2022 were included for the purposes of this 

review to focus the results on recent findings and focuses 

occurring in the field. All different immunotherapies were 

accepted, and articles were included regardless of model 

type, such as cell lines, animal models, or human clinical 

trials.  

Articles were excluded if they were dissertations, 

review articles (systematic, meta-analysis, scoping), or 

protocol papers. Furthermore, papers were not included if 

they did not have a direct link for the treatment of cancer. 

Papers were excluded if they focused on the delivery of the 

immunotherapy, such as using a lipid nanoparticle, if the 

focus of the paper was on the delivery method itself and not 

the component that was modifying the immune system. 

This decision was made to focus the scope of the review, 

since delivery techniques is an entire field of research in 

itself. Other papers that were excluded did not adapt the 

immune system in any way, and simply identified potential 

molecular targets or biomarkers that could potentially be 

used as a treatment.  

The screening process was conducted using Covidence, 

where the author screened all articles found from the online 

search using the title and abstracts. Articles that were 

included to the full-text review stage were screened twice 

by the reviewer to ensure that the screening stage was 

comprehensive. Articles that were accepted to the 

extraction stage were then extracted using a form on 

Microsoft Excel that included information regarding article 

type, immunotherapy method, cancer type, and results. In 

this article, “immunotherapy” is used as an encompassing 

term that includes all methods that either modify or enhance 

the immune system as a therapy to fight cancer. 

Additionally, “cancer” includes all cancer cell lines, cancer 

animal models, and cancer patients in clinical trials 

undergoing immunotherapy to include all stages of current 

research in the field. The review and extraction process was 

done iteratively over the span of a couple of weeks, and at 

the end of the extraction of information, the author 

categorized each paper depending on its primary 

immunotherapy technique. The different categories will be 

further explored in the results section, however, include 

groups such as T cells, antibodies, and vaccines.  

 

Results 

The initial search produced 8783 articles (Figure 1). 

During the initial round of screening, 4142 articles were 

removed as duplicates, and 3568 articles were removed 

after screening title and abstracts. Of the 574 articles 

remaining at the full-text stage, 380 were excluded with 

reasons. Thus, a total of 194 articles were included in this 

review. 

From the 194 articles, the method with the greatest 

amount of research in adapting the immune system to attack 

cancer are Chimeric Antigen Receptor (CAR) T cells, with 

31 articles (16.0%). The second greatest category was 

cancer vaccines (28 articles; 14.4%), the third largest was 

other T cell-based immunotherapy strategies (25 articles; 

12.9%) and the fourth largest was generating antibodies (24 

articles; 12.4%). Other notable categories include cytokines 

and immune checkpoint inhibitors, while the smallest 

categories, and thus least amount of research for the 

restraints within this paper include bacteria, natural 

medicine, and nanoparticles. A summary of all the 

categories and numbers can be found in Table 1 and in 

Figure 2. 

 

CAR-T Cells 

CAR-T cells have been an incredibly promising avenue 

of cancer research, where CARs are engineered receptors 

that redirect T cells to recognize a specific antigen, 

commonly expressed by the tumor, resulting in T cell 

activation and the promotion of an antitumor response. 

However, some limitations of this therapy include antigen 

escape, poor tumor infiltration, and limited efficacy against 

solid tumors. Many approaches attempt to solve these 

limitations by employing novel innovations in CAR-T cell 

engineering, such as by editing the antigen binding domain, 

hinge region, or transmembrane domain on the receptor [5]. 

Of the 31 CAR-T cell articles, the majority of papers 

were research articles utilizing either cell or animal models 

(26 articles), while the rest were data obtained from clinical 
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trials (5 articles). 17 research articles engineered CARs that 

would recognize a specific protein on the surface of the 

tumor. Common targets include targeting Human 

Epidermal Growth Factor 2 (HER2) or Epidermal Growth 

Factor Receptor (EGFR) [6–8], which are believed to have 

a role in the growth of the tumor. There was also a strong 

focus in targeting proteins that are highly expressed on the 

surface of tumors, such as Epithelial Cell Adhesion 

Molecule EpCAM [9,10], L1 Cell Adhesion Molecule 

(L1CAM) [11], or fibronectin [12]. Cell adhesion proteins 

have been proposed to be important targets for its role in 

cell-cell and cell-extracellular matrix adhesion that may 

play a role in cancer invasion and signaling [13]. Three 

research articles engineered CARs that would specifically 

activate T cells by targeting CD5 [14], CD4 and CD8 [15], 

and CD3 [16]. 

 

 
Figure 1. Scoping review selection process in identifying the included articles. Created using Canva. 
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Table 1. The different immunotherapy techniques 

identified by the review and the respective number of 

articles in each category, in descending order 

Immunotherapy Technique Number of 

Articles 

CAR-T cell 31 

Cancer vaccines 28 

T cells 25 

Antibodies 24 

Other immune cells (dendritic cells, 

macrophages, natural killer cells, B cells) 

23 

Immune checkpoint inhibitors 17 

Cytokines 14 

Nanoparticles 8 

Bacteria 7 

Drugs 6 

CpG oligodeoxynucleotides 4 

Viruses 5 

Natural medicine 2 

Total articles 194 

 

Less investigated topics include creating CAR-T cells 

that secrete anti Programmed Cell Death Protein (PD-1) 

antibodies that prevents the inhibitory effects of PD-1 

signaling in T cells and prevents T cell exhaustion [17], and 

combining the usage of CAR-T cells and a reactive oxygen 

species (ROS) accelerator prodrug, PipFcB to increase the 

cytotoxicity of the tumor microenvironment [18]. Lastly, 

one paper focuses on engineering the hinge region of CAR-

T cells by enhancing the cysteine residues in the hinge 

region to generate enhanced tumor lysis and larger CAR-T 

cell clusters [19].  

In a phase I clinical trial, authors engineered a 

bispecific CAR-T cell that targets both CD19 and CD22 for 

patients with relapsed or refractory B cell acute 

lymphoblastic leukemia [20]. The paper found that the 

CAR-T cells successfully proliferated in vivo and mediated 

anti-leukemic activity in patients. In another phase I clinical 

trial, patients with relapsed refractory multiple myeloma 

were given bispecific CAR-T cells targeting CD38 and 

protein BM38 and found that after 9 months follow-up 87% 

of patients had a clinical response to the treatment [21].  

 

 

 
Figure 2. Circular packing chart visual representation of the number of articles found in each immunotherapy technique. 

Other immune cells include macrophages, dendritic cells, natural killer cells, and B cells. Abbreviations NM – Natural 

Medicine, and CpG – CpG oligodeoxynucleotides. Created using RAWgraphs. 
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The clinical trials show mixed efficacy of CAR-T cell 

therapy, where patient’s CAR-T cells were able to proliferate 

and expand [20,22], but not in all studies [23]. Furthermore, 

the range of clinical response varies, where some trials had 

high success of over 80% of patients achieving a response 

from treatment [21,22,24], while another study only received 

a 27% response from treatment [23].  

 

Vaccines 

Cancer vaccines typically function by administering 

exogenous material, such as tumor antigens, that then 

activate an immune response. The goal of vaccines is to be 

able to induce an immune response against specific tumor 

antigens that will result in tumor regression [25]. Of the 28 

total articles that utilized vaccines as a method to attack 

cancer, 26 were research articles, and two were clinical 

trials. 12 research papers used proteins or antigens in their 

vaccines to elicit an immune response, such as using the 

HER1 [26] or HER 2 protein [27] to inhibit proliferative 

responses from the tumor. Other proteins found on tumors 

that were used in vaccines include targets of other 

proliferative pathways such as EGFR [28], adhesion protein 

EpCAM [29,30], and other tumor surface proteins [31–33].  

Some novel vaccination strategies include ectopically 

expressed a codon-optimized granulocyte macrophage-

colony stimulating factor (GM-CSF) in cells, which were 

later injected into mice. GM-CSF is an immunomodulatory 

factor that facilitates humoral and cellular immunity. The 

authors found that the GM-CSF vaccination resulted in 

greater cytokine production and dendritic cell localization 

to lymph nodes compared to control, demonstrating a 

greater immune response [34]. Another study used a 

recombinant lentiviral vector expressing human telomerase 

reverse transcriptase (lv-hTERT) vaccination. The 

overexpression of telomerase has been cited as a hallmark 

of cancer, since telomerase activation circumvents 

telomerase-dependent cell apoptosis. The authors found lv-

hTERT vaccination improved the strength of T-cell 

immune response against cancer tumor cells [35]. 

Another popular strategy was culturing dendritic cells in 

vitro, and then injecting them as a vaccine against tumors. 

Dendritic cells were commonly stimulated using a mixture of 

antigens and cytokines in vitro [36–38], which would allow 

them to then present the antigens to T cells in the lymph 

nodes to activate an immune response against tumors once 

injected. Other strategies include creating a dendritic cell and 

tumor cell fusion, resulting in the stable secretion of cytokine 

IL-12 and activation of T cells causing a reduction in tumor 

metastasis [39], as well as dendritic cells primed using cancer 

stem-like cell (CSC) associated antigens which resulted in a 

specific T-cell response against CSCs expressing tumor cells 

[40]. Overall, eight research articles investigated dendritic 

cell vaccination.  

Two papers conducted clinical trials on the usage of 

cancer vaccines. The first paper primed dendritic cells using 

Human Papillomavirus (HPV) oncoproteins which were 

then delivered subcutaneously to patients with cervical 

cancer, which was found to increase the number of T cells 

against HPV oncoproteins [41]. In the second study, 

authors administered personalized peptide vaccines, a 

vaccine that utilizes the patient’s cancer peptides, to create 

a personalized therapy. Patients that were administered the 

vaccine experienced a longer progression-free survival 

compared to controls [42].  

 

T Cells 

Aside from CAR-T cell research, there is also notable 

interest in other strategies to adapt T cells as a treatment for 

cancer. A total of 25 articles were found, with one paper 

being a clinical study. The most common strategy was to 

modify T cells either structurally or by their activity (13 

articles). A team of researchers added a fucose group to T 

cell surface glycoproteins to improve homing to tumor 

tissue [43]. Comparatively, a different study engineered T 

cells to express an additional cysteine residue on each 

receptor chain to promote the formation of a second 

disulfide bond, which mediated higher cytokine secretion 

and tumor lysis than normal T cells [44]. T cell activity was 

modified in a variety of different ways. One study knocked 

out a RAS GTPase protein in T cells (RASA2) that 

becomes downregulated during T cell activation, which 

resulted in enhanced cytolytic activity in response to the 

cancer antigen and increased cytokine production [45]. 

Another study constructed a constitutively active cytokine 

signaling receptor CR7 in T cells that resulted in increased 

T cell-proliferation and antitumor activity [46]. Other 

studies modified the target of T cells by selectively 

inducing them to target a specific antigen, such as 

Melanoma-Associated Antigen 4 (MAGE-A4) in 

Hodgkin’s lymphoma [47], human tumor antigen EphA2 

[48], and human tumor antigen DEP domain containing 1 

(DEPDC1) [49]. 

Fewer studies investigated how to activate T cells, such 

as by administering lysosomes [50] or by using synthetic 

microbead based artificial antigen presenting cells [51] One 

study investigated preventing T-cell exhaustion by 

administering nicotinamide (water soluble form of vitamin 

B3), which was found to inhibit the expression of inhibitory 

receptors and reduce the release of ROS [52]. Lastly, a 

clinical trial investigated the feasibility of T-cell based 

immunotherapy by extracting T lymphocytes from patients 

diagnosed with advanced urothelial urinary bladder cancer, 

which were then enhanced and expanded in vitro, and then 

reintroduced back into the patients. The treatment was only 

a partial success, with re-infusion of the T cells being only 

feasible for half of the patients, while the other half 

experienced technical failures [53]. 

 

Antibodies 

Antibodies are a potential therapeutic for cancer due to 

its role in manipulating tumor-related signaling and 

immunomodulatory properties by activating immune cells 
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[54]. Of the 24 papers that studied antibodies, all of them 

were research articles. One possible method to use 

antibodies in the treatment of cancer is to design the 

antibody to target an antigen present on the tumor, which 

can either direct immune cells such as T cells to destroy the 

tumor or destroy the tumor itself (8 articles). Two articles 

designed antibodies targeting growth factors such as Erbb2 

(55) and HER2 [56], however had different mechanisms of 

action. The Errb2 antibody was able to bind to Errb2 

positive tumors and inhibit growth [55] directly, whereas 

the HER2 antibodies exerts its function by activating and 

directing T cells to the tumor [56]. Other tumor antigens 

that were targeted using antibodies include a surface 

glycoprotein, carbonic anhydrase IX [57], a membrane-

bound protein mucin 1 (MUC1) [58], and a cell surface 

fibroblast activating protein (FAP) [59]. 

Antibody immunotherapy was also used to target a 

type of cancer called lymphomas, which is characterized by 

lymphocytes proliferating out of control and causing 

swelling of the lymph nodes. Antibodies have been created 

to target ligands on these proliferating lymphocytes as a 

potential cancer treatment. To treat Hodgkin’s lymphoma, a 

study created an antibody that targets the CD30 ligand 

found on resting B cells and activated T cells, which may 

have a potential function of apoptosis and cell cycle 

regulation. When injecting the anti-CD30 antibody into 

mice xenografted with Hodgkin’s lymphoma, the authors 

found complete tumor regression [60]. Other authors 

targeted non-Hodgkin’s lymphoma using bispecific anti-

CD3 and anti-CD20 antibodies [61], or bispecific anti-CD3 

and anti-CD3 antibodies [62].  

 

Other 

Smaller sections include cytokine immunotherapy (14 

articles), where cytokines bind to receptors and induce 

differentiation and proliferation of immune cells to exert 

anti-tumor responses [63]. The majority of papers utilized 

IL-2 as a therapeutic (10 articles), due to its role in 

promoting the expansion of natural killer cells and T 

lymphocytes [63]. Some papers also fused IL-2 with other 

proteins, such as GM-CSF [64,65], to enhance IL-2 

function in stimulating immune cell activity and 

phagocytosis. Other cytokines studied were IL-15 [66], 

which promotes anti-tumor activity of T cells [63], IL-8 

[67], which recruits lymphocytes to the tumor [63], and 

lastly IL-7, which improves effector function of T cells by 

repressing negative regulatory signals [68].  

17 articles investigated the use of immune checkpoint 

inhibitors, which commonly targets PD-1 expressed on T 

cells. When PD-1 is bound to the programmed cell death 

ligand 1 (PD-L1), T cell proliferation is reduced, and 

apoptosis is induced. Furthermore, it has been found that 

PD-L1 acts as a pro-tumorigenic factor in cancer cells and 

is implicated in tumor progression [69]. By inhibiting the 

PD-1/PD-L1 axis, it is possible to promote a greater 

immune cell response. Strategies include using siRNA to 

silence PD-1 expression [70], using peptides or antibodies 

to inhibit PD-1/PD-L1 binding [71,72], or knocking down 

PD-1 in T cells in vitro and then administering them back in 

vivo [73]. 

Smaller categories include targeting other immune 

cells such as B cells, dendritic cells, lymphocytes, 

macrophages, and natural killer cells (23 articles) as an 

immunotherapy by specific activation towards tumor cells. 

Some studies utilized bacteria proteins (7 articles) fused 

with tumor antigens to boost immune response. 

Furthermore, the use of CpG oligodeoxynucleotides, which 

are short single-stranded synthetic DNA molecules, as an 

immunostimulant (4 articles) was also explored. Similarly, 

5 articles utilized viruses to promote an immune response 

against cancer, and another 6 articles investigated different 

drugs that target cancer. Two studies investigated the use of 

chinese natural medicine (Bojungikki-Tang and Gegen 

Qinlian decoction) in conjunction with PD-1 immune 

checkpoint inhibitors to elicit an antitumor response 

[74,75]. Lastly, 8 articles utilized nanoparticles to either 

stimulate and promote immune cell activation, or to directly 

target apoptosis in tumor cells.  

 

Discussion 

Cancer immunotherapy is a rapidly developing field 

with a variety of different approaches or techniques that can 

be pursued. CAR-T cells were identified as the current 

largest category, where T cell receptors are engineered to 

recognize a specific antigen and mount an immune 

response against tumors. The second largest category were 

cancer vaccines, which includes the administration of 

dendritic cells or other factors such as GM-CSF to induce 

anti-tumor effects. The third most researched category was 

T cells, which are modified either structurally or engineered 

to have a greater immune response. The last notable 

category are antibodies, which are used to either direct T 

cells to cancer tumors or destroy the tumor itself.  

All categories targeted similar components of the 

tumor. Proteins that are involved in growth-factor signaling 

or proliferation are commonly overexpressed in cancers, so 

targeting proteins such as HER2 or EGFR allows for 

immune cells to specifically identify these tumors and 

generate an immune response. CAR-T cells were generated 

to specifically target HER2 or EGFR [6–8], and HER1/2 

and EGFR proteins were also used in cancer vaccines [26–

28]. Furthermore, antibodies were also used to target HER2 

on cancer cells [56], as well as a different growth factor 

Erbb2 [55]. 

Another common target in immunotherapy includes 

cell adhesion molecules which play a role in tumor invasion 

and cancer signaling. CAR-T cells were engineered against 

EpCAM [9,10] and L1CAM [11], or fibronectin [12]. 

EpCAM was also a target in the development of a cancer 

vaccines [29,30], while antibodies targeted other surface 

proteins such as FAP [59], and MUC1 [58]. 
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The common targets of tumor proliferation as well as 

tumor invasion demonstrate the connectivity of the 

hallmarks of cancer proposed by Hannahan and Weinberg 

[1,2], where the immune system is modified and adapted to 

recognize these tumorigenic factors and consequently 

destroy the tumor cells. Therefore, it is important to note 

that cancer research is interdisciplinary in nature, where 

research investigating how tumors proliferate or change 

their surroundings to benefit their own growth can 

potentially provide new targets for immunotherapy.  

While this scoping review identified some large 

categories, other less extensively researched methods were 

included as well. Although T cells or dendritic cells are a 

large current focus today, there is promising research 

regarding the utilization of B cells [76], or natural killer cell 

activation and expansion [77,78] in promoting the immune 

system response against cancers. Further research is needed 

in other immune cells to determine its efficacy in cancer 

therapy versus typical T cell therapeutics. Furthermore, a 

notable emerging field in immunotherapy is the use of 

nanoparticles. Although not a notable category in this 

scoping review due to the stringent inclusion and exclusion 

criteria that required papers to adapt the immune system 

and not focus on delivery techniques such as nanoparticles 

or liposomes, there is strong potential in coupling the 

immunotherapy methods identified in this review with 

delivery techniques to be administered into the body. 

Lastly, other potential avenues in research include 

inhibiting the PD1-PDL1 axis to promote T cell activity and 

proliferation. Inhibition of this pathway has been 

investigated in a variety of different ways, such as through 

the use of antibodies [79,80], peptides [71], or siRNA [70]. 

Further research is needed to investigate the strengths and 

limitations of each approach.  

 

Conclusions 

This scoping review identified a total of 194 articles 

that adapt the immune system to attack cancer. The most 

extensively researched categories include CAR-T cells, 

cancer vaccines, T cells, and antibodies. Less extensively 

researched categories include immune checkpoint 

inhibitors, nanoparticles, viruses, CpG oligonucleotides, 

and other immune cells. The review demonstrated the 

importance of cross-subject research in the field, where 

research investigating tumorigenic factors provides 

potential targets for the field of immunotherapy. Finally, 

this review provides insight into the latest development in 

cancer immunotherapy since 2000 and summarizes 

potential areas of future research for emerging scientists 

interested in pursuing research in a promising field.  

 

List of Abbreviations Used  

CAR- T cells: chimeric antigen receptor T cells 
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PD-1: programmed cell death protein 1 
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RASA2: RAS GTPase protein 
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