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Abstract 

Slow-growing and locally invasive, chordoma is a rare malignant bone tumor that poses significant 

challenges because of its high recurrence rate and resistance to several standard treatment techniques. 

All cancers, including chordomas, have altered energy metabolism processes that contribute to their 

unchecked growth and survival. The significance of non-coding RNAs, particularly circular RNAs 

(circRNAs), as key regulators at the intersection of cellular metabolism and immune function has 

been highlighted by recent discoveries. By focusing on important glycolytic enzymes in tumor cells 

and altering metabolic reprogramming pathways, CircRNAs can influence cancer metabolic 

adaptability. Furthermore, via influencing immune cell functions as immunological checkpoint 

signaling and macrophage polarization, circRNAs influence immune evasion in the tumor 

microenvironment. These frequently happen via regulating important pathway signals, like 

PI3K/AKT/mTOR and NRF2, or by processes like miRNA sponging, creating a tumor 

microenvironment that is immunosuppressive and metabolically friendly. The translational pathway 

of circRNA-targeted therapeutics is promoted as a developing pharmacological entity in this review, 

which also highlights recent information on the control of circRNA-mediated immunometabolism in 

chordoma and examines numerous important molecular axes. There are promising opportunities to 

develop novel precision treatments for chordoma by considering circRNAs as dual regulators of 

immunological and metabolic networks. 
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Introduction 

Chordoma: Characteristics and Pathophysiology 

Chordoma is an uncommon malignant bone tumor that grows slowly and spreads locally. It 

starts from the remains of the basic notochord [1]. The sacrum/coccyx and the base of the skull are 

the most often affected areas, and it mostly affects the axial skeleton. Despite being regarded as low-

grade tumors, chordomas have a dismal prognosis because of their high recurrence rates, potential 

for metastasis, and local aggressiveness [2]. The molecular foundations of chordoma have been 

further clarified by recent research, which has also highlighted the disease’s distinct cellular features 

and treatment difficulties. Since these embryonic remains are normally regulated for apoptosis, the 

notochordal origin of chordoma is crucial because they have the potential to change malignantly and 

cause tumor initiation [3]. This metamorphosis is frequently associated with particular genetic and 

epigenetic changes that promote unchecked growth and survival. Due to chordoma’s slow growth 

rate, diagnosis is frequently delayed, allowing the tumor to develop to a big and invasive size before 

being discovered. Since total surgical excision is frequently difficult, particularly in crucial anatomical 

regions like the base of the skull, this local invasiveness plays a significant role in its high recurrence 

rates [2]. 
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Pathophysiology 

Notochordal cells that continue to grow abnormally after embryonic development are 

recognized to be the source of chordomas, however the exact mechanisms causing them are still being 

investigated [3]. Normally, these cells retreat, but in chordoma, they change malignantly. Due to the 

tumor’s slow growth, detection is sometimes delayed, which permits it to spread far and infiltrate 

nearby tissues, such as soft tissue and bone (Figure 1). Depending on the location of the tumor, this 

local invasiveness can cause serious morbidity by compressing important structures, resulting in 

symptoms including pain, neurological impairments (e.g., weakness, numbness, bladder/bowel 

malfunction), and headaches. It is also becoming more well acknowledged that the chordoma tumor 

microenvironment (TME) plays a crucial role in determining the course of the tumor and the 

effectiveness of treatment. Immune cells, stromal cells, and extracellular matrix constituents interact 

intricately to create an immunosuppressive environment, which is its defining feature [4,5]. 

 

Figure 1. An illustration of chordoma pathophysiology, This figure illustrates the key aspects of chordoma 

development and its clinical features. A) The process begins with persistent notochordal remnants from 

embryonic development that undergo malignant transformation into chordoma. B) Histologically, the tumor is 

characterized by physaliferous cells with vacuolated cytoplasm and shows aggressive local invasion into bone 

and soft tissue. C) Chordomas are primarily located in the skull base (35%), mobile spine (15%), and 

sacrococcygeal region (50%), and are defined by the overexpression of the transcription factor brachyury, a key 

diagnostic and diagnostic marker. 

Chordomas are distinguished genetically by certain molecular changes. Consistently 

overexpressed in chordoma cells, brachyury is a transcription factor essential for notochord 

formation and is regarded as a possible therapeutic target as well as a critical diagnostic marker [6,7]. 

Recent studies have also discovered recurring genetic abnormalities that contribute to chordoma 

pathogenesis and treatment resistance, such as mutations in genes related to signaling pathways (e.g., 

PI3K/AKT/mTOR pathway components) and cell cycle regulation (e.g., CDKN2A) [8–10]. Histone 

changes and DNA methylation are examples of epigenetic modifications that are important in 

controlling gene expression and promoting the growth of chordomas [11]. 

Circular RNAs in Cancer Immunometabolism 

Circular RNAs (circRNAs), a kind of endogenous non-coding RNA, are more stable than linear 

RNAs due to their covalently closed loop structure [12–14]. New evidence demonstrates their critical 
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significance in various biological processes, such as carcinogenesis, tumor development, and TME 

modulation. Remarkably, circRNAs have a significant role in immunometabolism, the intersection of 

cellular metabolism and immune activity [15]. 

Role in Metabolic Reprogramming 

Cancer cells exhibit altered metabolic pathways to support their rapid proliferation and survival, 

a phenomenon known as metabolic reprogramming. This metabolic plasticity allows cancer cells to 

adapt to fluctuating nutrient availability and hypoxic conditions within the tumor 

microenvironment. CircRNAs have been identified as key regulators of these metabolic adaptations, 

influencing various aspects of glucose, lipid, and amino acid metabolism within tumor cells [16]. For 

example, the Warburg effect, a metabolic shift in which cancer cells preferentially rely on glycolysis 

even in the presence of oxygen- is facilitated by the regulation of glycolytic enzymes, such as 

hexokinase 2 (HK2) and phosphofructokinase (PFK), by a variety of circRNAs [17,18]. This metabolic 

reprogramming gives cancer cells the building materials they need to divide and expand quickly, as 

well as the intermediates they need for anabolic functions. In addition to glycolysis, circRNAs also 

affect other metabolic processes that are essential for maintaining the high energy requirements of 

cancer cells in growth, such as glutaminolysis, fatty acid synthesis, and oxidative phosphorylation 

(Figure 2) [19]. 

 

Figure 2. A detailed diagram illustrating the key metabolic pathways, such as glycolysis, oxidative 

phosphorylation, and glutaminolysis, that are often reprogrammed in chordoma cells. Show the inputs, outputs, 

and key enzymes involved in each pathway, and highlight how they contribute to tumor growth and survival. 

PDH, Pyruvate dehydrogenase; GLS, Glutaminas; TCA cycle, Tricarboxylic acid cycle. 

Role in Immune Regulation 

CircRNAs have a significant influence on immunological responses within the TME, which aids 

in immune evasion, in addition to their direct effects on tumor cell metabolism [20]. They have the 

ability to affect the polarization and activity of different immune cells, such as T cells, natural killer 

(NK) cells, and macrophages. For instance, it has been demonstrated that specific circRNAs alter 

macrophage polarization toward an M2-like phenotype, which is linked to angiogenesis, 
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immunosuppression, and tumor development [21,22]. By releasing anti-inflammatory cytokines and 

encouraging tumor growth, these M2 macrophages help to create an immunosuppressive 

microenvironment. Additionally, circRNAs can control immune checkpoint signaling pathways 

including PD-1/PD-L1 and CTLA-4, which are important targets in cancer immunotherapy, and 

cause T cell depletion and malfunction, which reduces their anti-tumor efficacy (Figure 3) [23,24]. 

 

Figure 3. A diagram illustrating how circRNAs modulate immune responses within the tumor 

microenvironment, contributing to immune evasion. circRNA, Circular RNA; PD-1, Programmed Cell Death 

Protein 1; PD-L1, Programmed Cell Death Ligand 1; CTLA-4, Cytotoxic T-Lymphocyte–Associated Protein 4; 

NF-κB, Nuclear Factor kappa-light-chain-enhancer of activated B cells; MAPK, Mitogen-Activated Protein 

Kinase; PI3K, Phosphoinositide 3-Kinase; AKT, Protein Kinase B. 

By acting as miRNA sponges, interacting with RNA-binding proteins, or directly influencing 

gene expression, circRNAs can orchestrate a complex network that leads to immune tolerance and 

evasion, thereby allowing cancer cells to escape immune surveillance and proliferate unchecked [25]. 

Molecular Crosstalk in Immunometabolism 

The TME is shaped by the intricate and varied interactions among circRNAs, metabolism, and 

immunology that create a complex molecular crosstalk. CircRNAs are essential for integrating 

immunological responses with metabolic cues. CircRNAs, for instance, have the ability to alter 

important signaling pathways that are essential to immune cell function and cellular metabolism, 

including PI3K/AKT/mTOR and NRF2 [26]. A master regulator of cell growth, proliferation, and 

survival, the PI3K/AKT/mTOR pathway is frequently aberrantly activated in cancer, which affects 

immune cell differentiation and function and frequently results in increased glycolysis and lipid 

production. Likewise, NRF2 is a transcription factor that affects immune cell responses as well as 

tumor cell survival and is essential for metabolic adaptability and antioxidant defense. By altering 

these pathways, circRNAs can suppress anti-tumor immune responses in a number of ways, such as 

encouraging immune cell fatigue or anergy, while also giving tumor cells a metabolically favorable 

environment that gives them plenty of energy and building blocks [27]. CircRNAs’ dual regulatory 
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ability makes them important participants in the immunometabolic reprogramming of cancer, 

providing fresh perspectives on the pathophysiology of the disease and possible treatment 

approaches. This is especially true for chordoma, where complex interactions are likely to have a 

significant impact on the course of the disease and resistance to treatment. 

Specific circRNA Mechanisms in Chordoma: Bridging to Immunometabolism 

Although the topic of circRNAs’ participation in chordoma’s immunometabolic reprogramming 

is still in its infancy, current research has started to clarify which circRNAs are implicated in the 

evolution of chordoma and may provide insights into their wider immunometabolic effects. 

Compared to more prevalent tumors like breast cancer, research directly connecting circRNAs to 

chordoma’s immunometabolism is still in its infancy because of the tumor’s rarity and distinctive 

features. However, there is a solid foundation for speculating about the activities of circRNA in 

chordoma based on our understanding of how it acts in other malignancies. CircRNAs may be 

especially important in mediating metabolic adaptations and immune evasion tactics peculiar to 

chordoma, given its distinct microenvironment, which is marked by its sluggish development, local 

invasiveness, and resistance to standard therapy [28]. 

The discovery of circTEAD1 as a major oncogenic driver in chordoma is the most important 

development in this field. By stabilizing Yap1 mRNA, our work showed that circTEAD1 is elevated 

in chordomas and stimulates carcinogenesis. This is accomplished by a m6A-dependent mechanism 

in which circTEAD1’s cytoplasmic export and the creation of a circTEAD1/IGF2BP3/Yap1 mRNA 

complex are facilitated by METTL3-mediated m6A alteration of circTEAD1. This discovery is 

significant because it establishes the first direct connection between a particular circRNA and the 

Hippo/Yap1 oncogenic pathway in chordoma. This makes it possible to study other circRNAs with 

comparable mechanisms and offers a tangible illustration of how circRNAs may work in this illness 

[29]. 

Potential Immunometabolic Roles 

Given the known functions of circRNAs in the immunometabolism of general cancer, it is 

conceivable that the circRNAs found in chordoma—or others that have not yet been found—also play 

a part in the disease’s distinct immunometabolic environment. If a circRNA, for instance, stimulates 

chordoma cell proliferation, it probably does so by affecting metabolic pathways that supply the 

energy and building blocks required for quick growth. The metabolic status of immune cells within 

the tumor may also be impacted directly or indirectly by circRNAs that alter the TME in chordoma, 

such as those that influence immunological checkpoint expression (PD-1, CTLA-4, for example, are 

enhanced in chordoma) [30]. 

CircRNAs may play a role in metabolic adaptations and immune evasion. CircRNAs may 

further give chordoma cells metabolic flexibility in their hypoxic and nutritionally relaxed TME by 

controlling important enzymes or transporters involved in glucose, glutamine, or lipid metabolism 

[31]. Furthermore, CircRNAs will alter the actions of immune cells found in the chordoma milieu, 

such as T cells or macrophages: Their roles may directly impact immunological signaling pathways 

that result in T cell fatigue or anergy, or they may have an impact on metabolic alterations (e.g., direct 

macrophage metabolic changes to an M2-like phenotypic shift). One of the main ways that circRNAs 

coordinate the immunometabolic reprogramming in chordoma may be through their interaction with 

signaling pathways that are essential for both metabolism and immunity, such as PI3K/AKT/mTOR 

or NRF2 (Table 1) [32]. To clarify these particular chemical axes in the context of chordoma, more 

investigation is required. 

It is essential to comprehend these particular circRNA-mediated processes in chordoma’s 

immunometabolism in order to find new diagnostic biomarkers and create focused treatment plans 

for this difficult cancer. 
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Table 1. Immunometabolic Pathways and Their Impact in Chordoma. 

Pathway Role in Chordoma Associated CircRNAs Therapeutic Implications 

PI3K/AKT/mTOR 

Promotes cell growth, 

proliferation, and 

survival; involved in 

metabolic reprogramming 

circRNAs modulating 

PI3K/AKT/mTOR 

pathway 

Targeting circRNAs to 

inhibit pathway activity 

and reduce tumor growth 

NRF2 

Regulates antioxidant 

response and metabolic 

adaptation 

circRNAs modulating 

NRF2 pathway 

Targeting circRNAs to 

enhance oxidative stress 

and improve therapeutic 

response 

Glycolysis (Warburg 

Effect) 

Provides rapid ATP 

production and metabolic 

intermediates for 

biosynthesis 

circRNAs regulating 

glycolytic enzymes 

Targeting circRNAs to 

reverse metabolic 

reprogramming and 

sensitize to therapy 

Immune Checkpoint 

Signaling 

Contributes to immune 

evasion by suppressing 

anti-tumor immune 

responses 

circRNAs modulating 

immune checkpoint 

molecules (e.g., PD-1, 

CTLA-4) 

Targeting circRNAs to 

enhance anti-tumor 

immunity and improve 

immunotherapy efficacy 

Therapeutic Strategies Targeting circRNAs in Chordoma 

Given the emerging role of circRNAs in chordoma, several therapeutic strategies can be 

envisioned. These strategies can be broadly categorized into direct targeting of circRNAs and indirect 

targeting through the pathways they regulate [33]. 

Direct Targeting of circRNAs 

Directly targeting oncogenic circRNAs represents a promising therapeutic avenue. This can be 

achieved through various approaches, such as antisense oligonucleotides (ASOs) or small interfering 

RNAs (siRNAs) designed to bind to the back-splice junction of the target circRNA, leading to its 

degradation [15,34,35]. For example, an ASO targeting circTEAD1 could be developed to reduce its 

expression in chordoma cells, thereby inhibiting its oncogenic functions. Another approach is to use 

small molecules that can bind to and disrupt the function of circRNAs or their protein complexes 

[36]. 

Indirect Targeting of circRNA-Regulated Pathways 

Indirectly targeting the pathways regulated by circRNAs offers another therapeutic strategy. For 

example, since circTEAD1 promotes chordoma tumorigenesis by stabilizing Yap1 mRNA, inhibitors 

of the Yap1/Hippo pathway could be used to counteract the effects of circTEAD1. Similarly, if a 

circRNA is found to promote glycolysis, inhibitors of glycolytic enzymes could be used in 

combination with circRNA-targeted therapies (Table 2) [37]. 

Table 2. Therapeutic Strategies Targeting CircRNAs in Chordoma. 

Strategy Mechanism Examples/Approach Potential Benefits Kaynak 

Inhibition of 

oncogenic circRNAs 

Degradation or 

blocking of 

circRNA function 

Antisense 

oligonucleotides 

(ASOs), siRNAs, 

CRISPR-based 

technologies 

Suppress tumor 

growth, reduce 

proliferation, 

overcome drug 

resistance 

[34,38–40] 

Restoration of tumor-

suppressive circRNAs 

Re-expression or 

upregulation of 

circRNA 

Gene therapy, small 

molecules 

Inhibit tumor 

growth, promote 
[41,42] 
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apoptosis, enhance 

chemosensitivity 

Indirect targeting via 

immunometabolism 

Modulating 

circRNAs that 

influence 

metabolic 

pathways or 

immune 

checkpoints 

Targeting circRNAs 

regulating glycolytic 

enzymes, macrophage 

polarization, immune 

checkpoint molecules 

Reverse metabolic 

reprogramming, 

enhance anti-tumor 

immunity, improve 

immunotherapy 

efficacy 

[43–46] 

Combination 

therapies 

Combining 

circRNA-targeted 

therapies with 

other treatments 

CircRNA inhibition + 

metabolic inhibitors, 

CircRNA inhibition + 

immune checkpoint 

blockade 

Synergistic anti-

tumor effects, 

overcome resistance 

mechanisms 

[47,48] 

Molecular Crosstalk and Combination Therapies 

Because circRNAs, metabolism, and immunology have intricate molecular relationships, 

combination therapy may be particularly effective. For example, circRNA-targeted therapies may be 

used in combination with immune checkpoint inhibition or metabolic inhibitors to stop tumor 

development and overcome resistance mechanisms [47]. Further research is needed to identify the 

key circRNA-mediated molecular axis in chordoma immunometabolism and to develop effective 

delivery systems for circRNA-based therapies. 

The discovery that circRNAs in chordoma function as both immunological and metabolic 

network regulators opens up new possibilities for the development of targeted and innovative 

treatment strategies, which will eventually enhance patient outcomes for this challenging disease. 

Comparative Analysis of Chordoma Molecular and Immunological Studies 

A comparison of recent important research that has improved our knowledge of the molecular 

and immunological landscape of chordoma is given in this section. Contextualizing the function of 

circRNAs in chordoma immunometabolism requires an understanding of the results presented in 

these studies (Table 3). 

Table 3. Summary of Key Research Findings. 

Paper Title Year Key Focus Main Findings 
Relevance to 

circRNA Review 

Chordoma: an update 

on pathophysiology 

and molecular 

mechanisms 

2015 

Pathophysio

logy, 

molecular 

mechanisms 

- Brachyury as a key driver- Role 

of chromosomal alterations, DNA 

methylation, and microRNAs 

Foundational 

understanding of 

chordoma molecular 

biology, including 

non-coding RNAs. 

Gene Expression 

Profiling Identifies 

Two Chordoma 

Subtypes Associated 

with Distinct 

Molecular Mechanisms 

and Clinical Outcomes  

2023 

Molecular 

subtyping, 

clinical 

outcomes 

- Identified two subtypes with 

distinct molecular mechanisms 

(chromatin remodeling vs. 

EMT/Hedgehog pathways)- 

Subtypes correlate with clinical 

outcomes 

Highlights molecular 

heterogeneity and the 

importance of RNA-

based classification. 

N6-methyladenosine-

modified circTEAD1 

stabilizes Yap1 mRNA 

2024 

circRNA 

function in 

chordoma 

- First study on circRNAs in 

chordoma- circTEAD1 is 

upregulated and promotes 

tumorigenesis- m6A modification 

Core paper for the 

review, providing 

direct evidence of 
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to promote chordoma 

tumorigenesis 

is crucial for circTEAD1 function- 

circTEAD1 stabilizes Yap1 mRNA 

via an RNA-protein complex 

circRNA involvement 

in chordoma. 

Immune 

microenvironment and 

immunotherapy for 

chordoma 

2024 

Immune 

microenviro

nment, 

immunother

apy 

- Chordoma TME is characterized 

by high infiltration of M2 

macrophages and regulatory T 

cells- Reviews current 

immunotherapy trials and their 

limitations 

Provides the 

immunological 

context for the 

review, highlighting 

the 

immunosuppressive 

microenvironment 

that circRNAs may 

influence. 

Proteogenomic 

characterization of 

skull-base chordoma 

2024 

Proteogeno

mics, 

chromosom

e instability 

- Chromosome instability is a key 

prognostic factor- Identified 

immune cold subtype linked to 

chromosome 9p/10q loss- 

Proteomics-based classification 

reveals subtypes with high CIN 

and immune cold features 

Reinforces the 

concept of molecular 

subtypes and links 

genomic instability to 

the immune 

landscape. 

Synthesis and Comparative Insights 

The collective findings from these studies paint a picture of chordoma as a molecularly 

heterogeneous and immunologically complex cancer. The 2015 review by Sun et al. laid the 

groundwork by establishing the importance of molecular drivers like brachyury and the involvement 

of non-coding RNAs, specifically microRNAs [7]. This sets the stage for investigating other non-

coding RNAs like circRNAs. 

The more recent papers build upon this foundation by revealing deeper layers of complexity. 

The work by Bai et al. (2023) and Zhang et al. (2024) independently converges on the idea of distinct 

molecular subtypes of chordoma [8,25]. While Bai et al. used gene expression to define subtypes 

based on chromatin remodeling and developmental pathways, Zhang et al. used proteogenomics to 

identify subtypes characterized by chromosomal instability and an ‘immune cold’ phenotype. This 

convergence from different ‘omics’ approaches strongly suggests that these subtypes are biologically 

meaningful and clinically relevant. 

The most critical paper for this review is the 2024 study by Li et al., which is the first to directly 

implicate a specific circRNA, circTEAD1, in chordoma tumorigenesis [18]. This study is a cornerstone 

because it not only provides the first direct evidence of circRNA involvement but also links it to a key 

cancer-related pathway (Hippo/Yap1) and a crucial regulatory mechanism (m6A modification). This 

provides a mechanistic framework for understanding how circRNAs could contribute to the 

molecular subtypes identified by Bai et al. and Zhang et al. 

Finally, the review by Chen and Zhang (2024) on the immune microenvironment provides the 

immunological context [5]. It highlights the immunosuppressive nature of the chordoma TME, which 

is dominated by M2 macrophages and regulatory T cells. This is consistent with the ‘immune cold’ 

subtype identified by Zhang et al. and provides a potential link between the molecular mechanisms 

driven by circRNAs and the resulting immune landscape. For example, circRNAs could be involved 

in the recruitment or polarization of these immunosuppressive immune cells. 

In conclusion, the progression from general molecular characterization to specific circRNA 

functions and detailed immune profiling demonstrates a growing understanding of chordoma. The 

next frontier is to integrate these different facets – to understand how specific circRNAs like 

circTEAD1 contribute to the different molecular subtypes and how they shape the immune 

microenvironment to promote tumor growth and immune evasion. This review paper is positioned 

to do exactly that, by synthesizing these findings and proposing a model for circRNA-mediated 

immunometabolic reprogramming in chordoma. 
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circRNA-Based Vaccines 

Another exciting possibility is the use of circRNAs as cancer vaccines. CircRNAs can be 

engineered to encode tumor antigens, and their high stability makes them attractive candidates for 

vaccine development [41]. Furthermore, recent advances in artificial intelligence can be leveraged to 

design and optimize circRNA-based vaccines for enhanced immunogenicity and efficacy [42]. 

Challenges and Future Perspectives 

Despite the promise of circRNA-targeted therapies, several challenges need to be addressed. 

These include the efficient and specific delivery of therapeutic agents to tumor cells, potential off-

target effects, and the development of resistance mechanisms. Future research should focus on 

developing novel delivery systems, identifying biomarkers to predict treatment response, and 

exploring combination therapies to overcome resistance. 

CircRNA research is at the vanguard of chordoma therapy development due to convergent 

evidence from current molecular, immunological, and mechanistic investigations; nevertheless, to 

fully exploit this promise, several crucial research objectives need to be addressed. Building on the 

groundbreaking work with circTEAD1 to create a comprehensive regulatory network, it is imperative 

to conduct thorough circRNA profiling across chordoma molecular subtypes to find subtype-specific 

circRNA signatures that may direct individualized treatment approaches. Second, to mechanistically 

validate the immunometabolic roles of candidate circRNAs, specifically their impact on T cell 

exhaustion and macrophage polarization within the distinct chordoma microenvironment, functional 

validation studies employing sophisticated chordoma organoid models and patient-derived 

xenografts are crucial. Third, a crucial translation barrier that needs to be addressed before circRNA-

targeted treatments can be used in clinical settings is the creation of novel delivery systems, such as 

lipid nanoparticles or viral vectors that are especially tailored for the anatomically difficult sites 

where chordomas develop. Fourth, combining machine learning and artificial intelligence techniques 

may speed up the discovery of circRNA-based biomarkers and forecast treatment outcomes, opening 

the door to precision medicine treatments for this uncommon but deadly illness. Lastly, to ensure 

reproducibility and make it easier to convert encouraging preclinical results into clinical trials, 

cooperative international efforts are required to develop standardized techniques for circRNA 

identification, quantification, and functional analysis in chordoma. The ultimate objective is to turn 

our expanding knowledge of circRNA-mediated immunometabolic reprogramming into efficient 

therapeutic approaches that can help chordoma patients, who presently have few treatment options 

and dismal prognoses despite advancements in radiation and surgery. 

Conclusions 

A dangerous bone tumor called chordoma necessitates urgent medical attention. Understanding 

circular RNAs (circRNAs) as master regulators of immune responses and cancer metabolism has 

recently advanced, opening up new therapeutic paths and offering insight into how chordomas could 

form. This review discusses the multiple roles played by circRNAs in directing the immunometabolic 

reprogramming of the chordoma tumor microenvironment to effect metabolic changes driving tumor 

growth that lead to immune evasion. 

Research on the relationship between chordoma and circRNA immunometabolism is still in its 

early stages, but evidence from other cancers, particularly when combined with the recently 

published preliminary findings from chordoma, strongly suggests that non-coding RNAs will play a 

significant role in these systems. Because circRNAs can modulate proteins, act as miRNA sponges, 

and interfere with signaling pathways like PI3K/AKT/mTOR and NRF2, they will be at the center of 

a complex network that involves immune cells, tumor cells, and their metabolic environment. 

Directly or indirectly targeting circRNAs offers chordoma patients promising treatment options. 

Future directions in precision medicine may involve repairing tumor-suppressive circRNAs or 

preventing oncogenic circRNAs. Furthermore, this strategy may offer a promising way to enhance 
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anti-tumor immunity or reverse metabolic reprogramming. The future of chordoma treatment may 

lie in circRNA-targeting combination approaches with new or established metabolic and 

immunotherapeutic approaches. The conversion of these innovative concepts into effective clinical 

treatments that will significantly enhance patients’ prognoses and quality of life requires further 

investigation into particular circRNA-mediated molecular axes in chordoma immunometabolism. 
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