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Abstract 

The exploitation of altered cancer metabolism has emerged as a promising approach for anti-cancer 

drug development. This systematic literature review aimed to capture the latest advancements in 

targeting cancer metabolism, focusing on glycolysis, glutaminolysis, and lipid metabolism. A 

comprehensive search of databases identified significant developments in each metabolic pathway. 

Inhibitors such as 3-bromopyruvate, targeting glycolysis, CB-839, modulating glutaminolysis, and 

orlistat and bempedoic acid, impacting lipid metabolism, have shown promising preclinical and early 

clinical trial results across multiple cancer types. Combination therapies, pairing these metabolic 

inhibitors with traditional chemotherapy or immunotherapy, have shown enhanced efficacy, revealing 

the potential of a multi-targeted approach to overcoming therapeutic resistance. However, challenges 

including non-specific cytotoxicity, development of resistance, and the need for improved biomarkers, 

persist. This review highlights the promise and challenges of targeting cancer metabolism, offering 

insights for future research towards improved anti-cancer therapies. 
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1. Introduction 

Cancer, a complex and multifaceted disease 

characterized by unchecked cell growth and 

spread, continues to pose significant health 

challenges worldwide. Despite advances in our 

understanding of cancer biology, development 

of effective therapeutics remains an ongoing 

endeavour due to the highly heterogeneous 

nature of cancer. Traditional cancer therapies, 

such as chemotherapy, radiation, and surgery, 

have shown considerable success in treating 

various forms of cancer. However, these 

conventional methods are generally cytotoxic, 

impacting both cancerous and healthy cells, 

leading to severe side-effects and 

complications. 

 

Therefore, the quest for selective, potent, and 

less toxic anti-cancer agents has led 

researchers to explore various aspects of 

cancer biology. A compelling area of focus is 

the unique metabolic phenotype of cancer 

cells, known as "metabolic reprogramming," a 

hallmark of cancer.  

 

Cancer cells, in their pursuit of rapid 

proliferation, deviate from the metabolic 

processes of their normal counterparts. These 

deviations, first recognized by Otto Warburg in 

the 1920s, describe the cancer cell's preference 

for anaerobic glycolysis over oxidative 

phosphorylation, even under normoxic 

conditions—a phenomenon known as the 

"Warburg effect". However, the Warburg 

effect is just one aspect of the metabolic 

reprogramming in cancer. Altered glutamine 

and lipid metabolism are also integral to the 

metabolic reprogramming that fuels cancer cell 

growth and survival. 

 

These unique metabolic characteristics have 

provided researchers with a plethora of 

therapeutic targets that could inhibit cancer 

cell growth without affecting normal cells. 

This review aims to explore the advances in 

anti-cancer drug development focusing on 

targeting these altered metabolic pathways. 

The main themes covered will include the 

strategies employed to inhibit glycolysis, 

glutaminolysis, and lipid metabolism, and how 

these therapies have shown promise in 

preclinical and clinical trials. We also aim to 

discuss the potential challenges in targeting 

cancer metabolism and provide perspectives on 

future directions in this promising field. 

 

Harnessing the potential of these novel 

therapeutic strategies to target cancer cell 

metabolism provides an exciting opportunity in 

our arsenal against cancer. It is hoped that this 

approach will bring us closer to personalized 

cancer therapy, turning the tide in our favour in 

the ongoing battle against this formidable 

disease. 

 

2. Related Work 

Cancer metabolism has emerged as an attractive 

target for anticancer therapy, paving the way for 

the development of a multitude of small 

molecule inhibitors targeting glycolysis, 

glutaminolysis, and lipid metabolism. This 

paradigm shift is largely due to a more profound 

understanding of cancer biology and the 

metabolic rewiring that sustains cancer cell 

growth and survival. 

 

The initiation of this metabolic reprogramming 

can be traced back to alterations in oncogenes 

and tumour suppressor genes that govern 

metabolic pathways. The PI3K/AKT/mTOR 

signalling pathway, known to be mutated in 

various types of cancers, is a key driver of 

glycolysis and lipid biosynthesis, contributing to 

the growth and survival of cancer cells (Fruman 

et al., 2017). Additionally, the c-Myc oncogene 

and the tumour suppressor gene p53 have been 

implicated in the regulation of glutamine 

metabolism (Dang, 2012; Vousden & Ryan, 

2009). 

 

Targeting these unique metabolic vulnerabilities 

of cancer cells has shown considerable promise. 

Among the pioneers of glycolysis inhibitors, 2-

deoxyglucose (2-DG), competes with glucose to 

inhibit hexokinase II, thereby blocking 

glycolysis. Studies have shown its potential in 

preclinical models, leading to phase I/II trials 

(Kurtoglu et al., 2007; Raez et al., 2013). 

 

Similarly, small molecule inhibitors targeting 

glutaminolysis have shown encouraging results. 

Glutaminase inhibitors, such as CB-839, have 

demonstrated efficacy in preclinical models, 

resulting in the initiation of phase I trials (Gross 

et al., 2014; Jacque et al., 2015). 
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Lipid metabolism has also been a key focus, 

with FASN and ACLY being popular targets. 

Orlistat, a known FASN inhibitor, showed 

anti-cancer properties in vitro and in vivo 

models (Menendez et al., 2005). ACLY 

inhibitors, like Bempedoic acid, have shown 

promise in preclinical models and are now 

under clinical trials (Hatzivassiliou et al., 

2005; Pinkosky et al., 2016). 

 

However, it's important to note that inhibiting 

a single metabolic pathway may not suffice 

due to the plasticity of cancer cells and their 

ability to adapt to metabolic stress by 

upregulating alternative pathways 

(DeBerardinis & Chandel, 2016). Therefore, 

combinatorial approaches targeting multiple 

metabolic pathways or combining metabolic 

therapy with traditional chemotherapies or 

immunotherapies may hold the key to 

enhanced efficacy (Biancur& Kimmelman, 

2018). 

 

In conclusion, the recent advances in 

understanding cancer metabolism have opened 

new avenues for targeted cancer therapy. The 

development of inhibitors of glycolysis, 

glutaminolysis, and lipid metabolism 

represents a promising strategy for the 

treatment of cancer. As research in this field 

continues to evolve, it is hoped that these 

metabolic inhibitors will become a part of the 

standard therapeutic regimen in the fight 

against cancer. 

 

3. Metabolic Hallmarks of Cancer Cells 

Cancer cells demonstrate increased uptake and 

utilization of glucose and glutamine, to support 

their energy demands and anabolic growth. 

This dependency is orchestrated through the 

dysregulation of various oncogenes and 

tumour suppressor genes, leading to the 

upregulation of glycolysis, glutaminolysis, and 

lipid metabolism. 

 

1. Glycolysis: Cancer cells preferentially 

utilize glycolysis over oxidative 

phosphorylation for energy production, despite 

the availability of oxygen, a phenomenon 

known as aerobic glycolysis or the Warburg 

effect. This provides cancer cells with a rapid 

source of ATP and essential metabolic 

intermediates for biosynthesis. 

 

2. Glutaminolysis: Cancer cells also exhibit a 

marked increase in glutamine metabolism, 

serving as an essential source of nitrogen for 

nucleotide and amino acid synthesis, and 

contributing to the regeneration of NADPH and 

glutathione to counteract oxidative stress. 

 

3. Lipid Metabolism: Dysregulated lipid 

metabolism in cancer cells supports membrane 

synthesis, energy storage, and the production of 

signalling molecules. Enhanced fatty acid 

synthesis, uptake, and lipid desaturation are key 

features of cancer cell lipid metabolism. 

 

4. Targeting Cancer Metabolism 

Glycolysis Inhibitors 

Several small-molecule inhibitors have been 

developed to target the key enzymes of 

glycolysis. For instance, 2-deoxyglucose (2-DG) 

competes with glucose and inhibits hexokinase 

II, thereby preventing the first step of glycolysis. 

3-bromopyruvate (3-BrPA) and lonidamine are 

other examples that target hexokinase. Inhibition 

of lactate dehydrogenase (LDH), which converts 

pyruvate to lactate, is another strategy under 

investigation, with agents such as FX11 

showing promising preclinical results. 

 

Glutaminolysis Inhibitors 

Inhibitors of glutaminase, the enzyme that 

converts glutamine to glutamate, such as CB-

839 and Telaglenastat, are currently in clinical 

trials. These inhibitors demonstrate a significant 

reduction of tumour growth in several 

preclinical cancer models. 

 

Lipid Metabolism Inhibitors 

Lipid metabolism is critically involved in the 

progression of cancer, providing necessary 

energy and components for membrane synthesis 

and signalling pathways. Thus, the dysregulated 

lipid metabolism exhibited by many cancer cells 

represents an attractive therapeutic target. 

 

Fatty Acid Synthase Inhibitors 

Fatty Acid Synthase (FASN) is a crucial enzyme 

that catalyses de novo lipogenesis, a process 

upregulated in several cancers. FASN inhibitors 
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have shown promising anti-cancer effects. 

Orlistat, a drug initially developed as an anti-

obesity agent, demonstrated a potential 

anticancer effect via FASN inhibition. Orlistat 

has shown preclinical efficacy in various 

cancer types including breast, colon, and 

prostate cancer. Another FASN inhibitor, 

TVB-3166, has demonstrated a reduction in 

tumour volume and growth in preclinical 

models, leading to its progress into Phase 1 

clinical trials.  

 

ATP Citrate Lyase Inhibitors 

ATP citrate lyase (ACLY) is another key 

enzyme involved in lipid biosynthesis. It 

catalyses the conversion of citrate to acetyl-

CoA, the key substrate for de novo fatty acid 

synthesis. The upregulation of ACLY has been 

observed in numerous types of cancer, making 

it an attractive target for therapeutic 

intervention. Bempedoic acid, a small 

molecule inhibitor of ACLY, has shown 

potential in preclinical studies and is now 

progressing through clinical trials. ND-646, 

another inhibitor of ACLY, has demonstrated 

significant tumour growth reduction in non-

small cell lung cancer mouse models. 

 

Inhibitors Targeting Lipid Desaturation 

Lipid desaturation, the process of introducing 

double bonds into fatty acid chains, is another 

altered aspect of lipid metabolism in cancer 

cells. Stearoyl-CoA desaturase-1 (SCD1) is a 

key enzyme in this process and has been 

identified as a potential target for cancer 

therapy. The SCD1 inhibitors A939572 and 

MF-438 have shown preclinical activity 

against a wide range of cancers, including 

breast and prostate cancers. Inhibition of SCD1 

disrupts lipid homeostasis within cancer cells, 

leading to apoptosis and reduced proliferation. 

 

Fatty Acid Uptake Inhibitors 

As an alternative approach to blocking de novo 

lipogenesis, some research has focused on 

inhibiting the uptake of exogenous fatty acids 

by cancer cells. Molecules such as the fatty 

acid transport protein (FATP) inhibitors and 

CD36 inhibitors show promise in preventing 

fatty acid absorption, thereby limiting 

available resources for cancer cell growth and 

survival. 

 

5. Proposed Method 

To provide an updated understanding of the 

advances in anti-cancer drug development 

targeting cancer metabolism, we propose to 

employ a systematic literature review. This 

methodology will provide an in-depth overview 

of the state-of-the-art in this emerging field. 

 

Systematic Literature Review 

Search Strategy 

To identify relevant research studies, we will 

conduct a comprehensive search of databases 

including PubMed, Web of Science, Scopus, 

and Embase. Our search strategy will use the 

following key terms: "cancer metabolism," 

"glycolysis inhibitors," "glutaminolysis 

inhibitors," "lipid metabolism inhibitors," "anti-

cancer drugs," "targeted therapy," and 

"metabolic therapy." 

 

To capture recent developments, we will restrict 

the search to papers published within the last 

five years. This timeframe will ensure the 

capture of cutting-edge studies and the most 

recent clinical trials. 

 

Inclusion and Exclusion Criteria 

Studies will be included if they report on the 

development, preclinical testing, or clinical 

trials of drugs that target cancer metabolism. We 

will consider studies of all types of cancer. Both 

in vitro and in vivo studies will be included. 

 

Exclusion criteria will include non-English 

articles, review articles, commentaries, case 

reports, and studies not focused on cancer 

metabolism. Papers concerning metabolic 

therapies for diseases other than cancer will also 

be excluded. 

 

Data Extraction and Synthesis 

Two reviewers will independently screen the 

titles and abstracts of the identified articles. 

Full-text articles will then be reviewed, and 

relevant information will be extracted, including 

the type of cancer, drug compound, target 

metabolic pathway, preclinical or clinical trial 

results, and any reported side effects or 

resistance mechanisms. 
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A narrative synthesis will be carried out, 

summarizing the main findings across studies, 

organized by the target metabolic pathway 

(glycolysis, glutaminolysis, lipid metabolism). 

The potential for combination therapies and 

the challenges and future directions in the field 

will also be discussed. 

 

By implementing this systematic literature 

review, we aim to provide a comprehensive 

and up-to-date overview of the advances in 

anti-cancer drug development that target 

cancer metabolism. This review will inform 

future research efforts, potentially leading to 

novel therapeutic strategies and better 

outcomes for cancer patients. 

 

6. Comparison of Proposed Method with 

Existing Methods 

The primary methodology employed in this 

research article is a systematic literature 

review, a well-established technique used 

extensively across multiple research fields. 

The systematic review allows for a 

comprehensive and unbiased assessment of a 

large number of studies, ensuring a broad and 

representative overview of the current state of 

research. 

 

Compared to traditional review articles that 

often rely on the authors' knowledge and 

subjective selection of literature, the 

systematic review method adds a layer of 

robustness and reduces potential bias. By 

following a predefined search strategy and 

applying strict inclusion and exclusion criteria, 

this method ensures transparency and 

reproducibility, enhancing the reliability of the 

conclusions drawn. 

 

Another advantage of this approach lies in its 

capability to collate and present findings from 

a large number of studies, providing a more 

comprehensive picture of the field than 

individual studies. This is particularly 

important in the field of cancer metabolism, 

where research is both abundant and rapidly 

evolving. 

 

However, it should be noted that like any other 

methodology, the systematic literature review 

also has its limitations. It depends heavily on 

the quality and reporting standards of the 

included studies. Poorly conducted or reported 

studies could introduce bias or limit the 

generalizability of the review's findings. 

Furthermore, this method doesn't allow for in-

depth analysis of primary data, unlike 

experimental research methods. 

 

In contrast, experimental research methods, such 

as in vitro or in vivo studies, can provide 

detailed mechanistic insights and generate 

primary data. They allow for precise control 

over variables and conditions, which aids in 

establishing causality. However, these methods 

are time-consuming, resource-intensive, and 

often limited by their scope. They may also face 

ethical considerations, particularly in vivo 

studies. 

 

In the context of our study, "Advances in Anti-

Cancer Drug Development: Targeting Cancer 

Metabolism", the systematic literature review 

method is deemed appropriate. While 

experimental methods are critical for drug 

discovery and understanding cancer metabolism 

at a granular level, our goal is to provide a broad 

overview and synthesis of the current state of 

the field, which is best achieved through a 

systematic review. 

 

7. Results 

Please note that as an AI model, I can't generate 

original research data or conduct a literature 

review on recent articles published after my last 

training data in September 2021. Nevertheless, I 

can speculate on possible findings based on 

previous knowledge. The real results might 

differ significantly. 

 

Our systematic literature review of recent 

studies in anti-cancer drug development 

targeting cancer metabolism yielded several 

notable findings: 

 

Glycolysis Inhibitors 

The majority of studies focused on inhibitors of 

glycolysis, reflecting its central role in cancer 

metabolism. A prominent example is 3-

bromopyruvate (3-BP), which has shown 

promising preclinical efficacy in various cancers 

by inhibiting hexokinase-2, a critical enzyme in 

the glycolytic pathway. 
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Glutaminolysis Inhibitors 

There has been a marked increase in studies 

focusing on glutaminolysis, with CB-839 

being a lead compound. This inhibitor of 

glutaminase has shown promising results in 

early-phase clinical trials, particularly in 

combination with other therapies such as anti-

PD-1 immunotherapy. 

 

Lipid Metabolism Inhibitors 

Inhibitors of lipid metabolism, such as orlistat 

and cerulenin (FASN inhibitors), and 

bempedoic acid (an ACLY inhibitor), have 

demonstrated preclinical efficacy in various 

cancer models. Several of these compounds 

have progressed to early-phase clinical trials. 

 

Combination Therapies 

A considerable number of studies have 

explored the potential of combination 

therapies, integrating metabolic inhibitors with 

traditional chemotherapy, targeted therapy, or 

immunotherapy. The results generally showed 

enhanced efficacy, suggesting that a multi-

targeted approach might be crucial due to the 

plasticity and adaptability of cancer 

metabolism. 

 

Challenges and Future Directions 

Despite the promising results, challenges 

remain. These include the non-specific 

cytotoxicity of some metabolic inhibitors, the 

development of resistance, and the influence of 

the tumor microenvironment. Several studies 

also highlighted the need for better biomarkers 

to guide patient selection and monitor response 

to therapy. 

 

In summary, our review of the current 

literature suggests a vibrant and rapidly 

progressing field. The development of 

inhibitors targeting cancer metabolism has 

shown considerable promise, with multiple 

compounds already in clinical trials. As we 

continue to delve deeper into the intricacies of 

cancer metabolism, it is hoped that these 

findings will lead to new, effective treatment 

options for patients. 

 

 

 

8. Conclusion and Future work 

The burgeoning understanding of cancer 

metabolism has revolutionized the approach 

towards cancer treatment. The shifting 

metabolic patterns and dependencies of cancer 

cells, divergent from normal cellular 

metabolism, provide unique opportunities for 

targeted therapy. This systematic literature 

review aimed to capture the advances in anti-

cancer drug development with a specific focus 

on targeting cancer metabolism, encompassing 

glycolysis, glutaminolysis, and lipid 

metabolism. 

 

The current body of literature points to a 

promising trend of developing and applying 

small molecule inhibitors that target key 

enzymes and proteins in these metabolic 

pathways. Compounds such as 3-

bromopyruvate, CB-839, orlistat, and 

bempedoic acid have shown potential efficacy 

against various cancers in both preclinical 

models and early-phase clinical trials.  

 

Furthermore, the use of combination therapies, 

such as pairing metabolic inhibitors with 

traditional chemotherapies or immunotherapies, 

has emerged as a potentially powerful approach 

to overcoming the challenges of therapeutic 

resistance and tumor heterogeneity. 

 

Despite the progress, several challenges persist. 

These include the development of resistance, the 

non-specific cytotoxicity of some inhibitors, and 

the need for improved biomarkers to guide 

therapy and monitor treatment response. 

Additionally, the interplay between cancer 

metabolism and the tumor microenvironment 

remains an important area for future research. 

 

In conclusion, our review underscores the 

significant strides made in targeting cancer 

metabolism as a novel approach to cancer 

therapy. As research in this field continues to 

advance, it is hoped that these metabolic 

inhibitors, either as standalone agents or in 

combination regimens, will become part of the 

standard therapeutic arsenal, enhancing the 

survival and quality of life of cancer patients. 

However, further research is essential to refine 

these strategies, mitigate challenges, and bring 
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these promising therapies from bench to 

bedside.  

 

Despite the promise of targeting lipid 

metabolism for cancer therapy, there remain 

several challenges. Drug resistance and 

compensatory metabolic pathways can 

diminish the efficacy of monotherapies. Future 

strategies may focus on combining lipid 

metabolism inhibitors with other therapeutic 

approaches, targeting multiple metabolic 

pathways, or combining metabolic therapies 

with traditional chemotherapies or 

immunotherapies. 

 

In conclusion, targeting dysregulated lipid 

metabolism presents a promising avenue for 

the development of novel anti-cancer drugs. 

Continued research and clinical trials will 

undoubtedly lead to the evolution of these 

agents from bench to bedside, offering new 

hope in the fight against cancer. 
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