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ABSTRACT

Repurposing existing drugs for new therapeutic applications offers significant advantages over conventional drug
development. Since these drugs have already passed safety evaluations, their failure rate is significantly reduced.
In addition, leveraging pre-existing clinical data and established manufacturing methods accelerates the
development process and reduces costs. While bringing a new drug to market typically requires 10-17 years and
$2-3 billion, repurposed drugs can become available in 3-12 years at an estimated cost of $300 million. Colon
cancer treatment remains a challenge due to the lengthy and costly nature of traditional drug discovery. This
review highlights drug repurposing as a viable alternative to address these obstacles. Various computational and
network-driven strategies are examined, including network models (establishing relationships between drugs and
diseases); computer-aided techniques (predicting drug-target interactions); machine learning algorithms
(identifying hidden patterns in large datasets); and molecular docking simulations (analyzing how drugs bind to
specific molecular targets). Aspirin has emerged as a promising candidate for repurposing in the treatment of
colon cancer due to its potential to inhibit cancer cell proliferation. Furthermore, this review highlights the
growing role of artificial intelligence and network modeling in advancing drug repurposing efforts. By utilizing
state-of-the-art computational tools and personalized medicine approaches, repurposing existing drugs offers an
efficient and cost-effective strategy for improving colon cancer treatment options.
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Introduction

Drug repurposing, also known as therapeutic switching or repositioning, involves identifying new therapeutic
applications for existing drugs. This includes old medications, that failed in previous trials, experimental, FDA-
approved, or pro-drugs. The process extends beyond the original intended use of a drug, uncovering its hidden
therapeutic potential [1].

This approach presents several advantages over developing entirely new drugs, as illustrated in Figure 1. First,
since repurposed drugs have already undergone safety evaluations in preclinical studies and, in some cases, early
human trials, the likelihood of failure—especially due to safety concerns—is significantly lower. Second, because
many preclinical tests, safety assessments, and formulation developments have already been completed, the
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overall development timeline can be shortened. Third, investment requirements may be lower, though this depends
on the drug’s stage in the development process. While phase III trials and regulatory approval costs may still be
substantial, expenses associated with preclinical, phase I, and phase II trials are considerably reduced [2].

These advantages contribute to a lower overall cost when accounting for potential failures, making repurposed
drug development a less risky investment with a faster return. On average, bringing a repurposed drug to market
costs around $300 million, whereas developing a new chemical entity can range from $2 to $3 billion.
Additionally, repurposed drugs may lead to the discovery of new therapeutic targets and areas of research [2].
Studies suggest that developing and approving a novel drug typically takes 10 to 17 years, whereas repurposed
drugs can reach the market within 3 to 12 years at nearly half the cost of newly developed drugs [3].

Compound selection | + Finding targets for a drug candidate requires
(1-2 Years) the identification of compounds.

Acquisition of compound
(0-2 Years)

* Obtaining the target's licence

* Preclinical, phase 1 and phase 2 drug research may be the
beginning of this stage. To ensure that drugs are both safe and
effective for treatment, an analysis of the available data is
conducted.

Drug Development
(1-6 Years)

*Following a drug's release for general use,
regulations oversee its safety.

Phase 4 survey

Figure 1. Four stages of drug repurposing: 1) compound selection, 2) acquisition of compound, 3) drug
development, and 4) phase 4 survey

Cancer remains a major global health challenge, with significant unmet medical needs despite substantial
advancements in treatment strategies. Scientists continue to explore innovative therapeutic approaches to combat
this complex disease [4]. One promising strategy is drug repurposing, which involves finding new therapeutic
applications for already-approved drugs. This approach is gaining increasing attention from both academic
researchers and the pharmaceutical industry as a potential method to accelerate cancer treatment development [5].
Colon cancer is the second leading cause of cancer-related deaths in the United States. The American Cancer
Society compiles and updates colorectal cancer (CRC) statistics every three years using data from population-
based cancer registries and the National Center for Health Statistics. Projections for 2023 estimate approximately
153,020 new CRC cases and 52,550 deaths. Among these, 19,550 diagnoses and 3,750 deaths are expected in
individuals under 50 years old [6].

Traditional colon cancer treatments include surgery and chemotherapy, which have long been the primary
treatment options. Other emerging therapies include gene therapy, immunotherapy, adoptive T-cell therapy,
complement inhibition, cytokine therapy, and natural product-based treatments [7].

While monitoring colorectal metastases has remained largely unchanged over the past decade, advances in
systemic and liver-directed therapies are improving survival rates. Additionally, innovative image- and pathology-
guided treatments are reshaping rectal cancer management [8]. Emerging data suggest that non-surgical
approaches may offer comparable long-term outcomes for select patients, potentially reducing the need for radical
surgery, except in cases of local recurrence after neoadjuvant therapy. Precise monitoring techniques are crucial
to guiding treatment decisions, particularly for stage IV colon cancer patients, ensuring optimal therapeutic
outcomes [8].

The treatment of colon cancer remains a challenge due to the lengthy and costly nature of traditional drug
discovery. This review highlights drug repurposing as a viable alternative to address these obstacles.
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Results and Discussion

The need for drug repurposing

Drug repurposing holds immense potential for addressing unmet medical needs in rare, orphan, and neglected
diseases. By leveraging existing scientific knowledge and pharmaceutical resources, this approach can accelerate
therapy development and improve patient outcomes [9].

Repurposing already-approved drugs can help overcome the limitations of conventional drug pipelines, leading
to more accessible treatments, alternative therapeutic options, and drugs with better safety profiles [10]. The
challenges in new drug development include rising research and development (R&D) costs, lengthy approval
timelines, low success rates, and regulatory hurdles [11]. Additionally, the pharmaceutical industry faces
competition from generic and off-label drugs and financial losses due to patent expirations. From an industry
perspective, drug repurposing is seen as a cost-effective, time-efficient, and lower-risk alternative with a higher
likelihood of success compared to de novo drug development [12].

Drug repurposing strategies
Computational approach

Various databases and computational tools, such as Drug Predict, DrugBank, Promiscuous, Mantra2.0, PharmDB,
DRAR-CPI, repoDB, RepurposeDB, DeSigN, CMap, and DPDR-CPI, are instrumental in drug repurposing
efforts [13]. Given the increasing availability of large-scale biomedical data, advanced computational
techniques—such as data mining, machine learning, and network analysis—are essential for producing reliable
outcomes. These techniques facilitate systematic drug repositioning, identification of new therapeutic potentials,
and exploration of alternative applications for approved medications, particularly for complex diseases like cancer
[14].

Machine learning

Machine learning models leverage diverse datasets to identify drug repositioning opportunities and predict new

drug-disease associations by analyzing underlying biological mechanisms. In recent years, numerous machine-

learning methods have emerged, particularly those incorporating multiple data features to improve accuracy [15].

e Menden et al. [16] developed models that predict cancer cell line responses to drug treatments based on IC50
values. Their approach utilized chemical properties (e.g., structural fingerprints) and genomic features (e.g.,
oncogene mutations and microsatellite status) to create a feed-forward perceptron neural network model and
a random forest regression model. The predictions underwent cross-validation and independent blind testing
for accuracy.

e Napolitano et al. [17] took a drug-centric approach to predict drug therapeutic classes, constructing a drug
similarity matrix based on chemical structure, molecular targets, and gene expression data. This matrix was
then used as a kernel for SVM classification.

o Gottlieb et al. [18] expanded on this approach by integrating genetic and phenotypic disorder-related features.
They calculated similarity measures between drugs and diseases to generate classification features and applied
a logistic regression classifier to predict novel drug applications.

e Collaborative filtering techniques are also used to predict unknown drug-disease relationships. Zhang et al.
[19] developed a comprehensive computational framework that integrated multiple similarity metrics,
including disease phenotypes, drug side effects, genomic features (drug targets and disease genes), and
chemical structures. They reformulated drug-disease network analysis as an optimization problem,
demonstrating high efficacy in identifying novel therapeutic candidates.

e Yang et al. [20] introduced a causal inference-probabilistic matrix factorization (PMF) approach to infer drug-
disease relationships. Their model constructed causal networks linking diseases, genes, targets, pathways, and
drugs, using known interactions to discover new drug-disease correlations, offering valuable insights for drug
repositioning.

Network models
Network-based models use nodes to represent elements like drugs, diseases, or genes, and edges to depict the
relationships between them. These networks, built from diverse data sources, visualize interactions such as drug-
drug, drug-target, drug-disease, disease-disease, disease-gene, protein-protein, and transcriptional networks [21].

e
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By integrating multiple datasets and applying the “guilt-by-association” principle, network-based approaches can
uncover previously unknown relationships between drugs and diseases. This principle suggests that drugs eliciting
similar transcriptional responses may have comparable therapeutic effects [22].

e One study compared target-based, drug-based, and network-based models using a bi-partite network to assess
their similarity. When evaluated using the area under the receiver operating curve (AUROC), network-based
inference was the most effective for predicting drug-target interactions [23].

e Another approach employed a heterogeneous network model to analyze drug-disease interactions by
identifying highly interconnected drug-disease modules [24]. This method facilitated the extraction of drug-
disease pair data, aiding in the identification of potential candidates for drug repurposing.

o Network modeling has also been applied to cancer drug repurposing by exploring off-target effects on cancer
signaling pathways. This approach has helped propose new uses for existing cancer therapies [25].

Molecular docking
Molecular docking plays a crucial role in drug repurposing by predicting interactions between drug molecules and
biological targets at the molecular level. This method helps identify potential therapeutic candidates by assessing
how well a drug binds to a specific protein target associated with a disease.
During our investigation, we identified a meta-signature of genes capable of distinguishing colon cancer tissues
from healthy tissues with high accuracy [26]. Notably, the most significant variables identified through random
forest, Glmnet, and edgeR models showed substantial overlap. This overlap suggests that these genes could play
a crucial role in colon cancer progression and treatment.
Given these findings, it is imperative to conduct in-silico studies to examine the interactions between the protein
products of these genes and various FDA-approved anti-cancer drugs [27]. This approach can reveal new
therapeutic potentials for existing drugs, further supporting the drug repurposing strategy.
A few examples of repurposed drugs and their interactions with cancer-related targets are listed in Table 1.

Table 1. Notable cases of drug repurposing

Drug name Original use New therapeutic use Repurposing method
Minoxidil Hypertension Hair loss Retrospective clinical analysis
Sildenafil Angina Erectile dysfunction Retrospective clinical analysis

Attention-deficit hyperactivity

Atomoxetine Parkinsonism Pharmacological evaluation

disorder (ADHD)
Raloxifene Osteoporosis Breast cancer Retrospective clinical analysis
Pai t . . .
Duloxetine am managejmen Premature ejaculation Pharmacological assessment
(Analgesia)
Topiramate Epilepsy Obesity Pharmacological evaluation
Ketoconazole Fungal infections Cushing’s syndrome Pharmacological assessment
Historical analysis of rh toid arthriti ission i
Rituximab Various cancers Rheumatoid arthritis istorical analysis o r euma O,l d.a r.1 s Temlsswn n
lymphoma patients receiving Rituximab
Zidovudine Cancer HIV/AIDS Screening compound libraries in a controlled setting
Thalidomide Morning sickness Multiple myeloma Unapproved use and pharmacological evaluation
Aspirin Pain reli.ef Colon cancer Retrospective analysis of clinical and pharmacological
(Analgesia) data

Aspirin and its potential role in cancer treatment
Aspirin (acetylsalicylic acid) as a case of drug repurposing

Aspirin is one of the earliest examples of drug repurposing. Initially developed as a pain reliever, its potential
anti-cancer properties have been extensively studied since 1968. Research has demonstrated its effectiveness
against various tumor types through both COX-dependent and independent mechanisms [28, 29]. As a non-
steroidal anti-inflammatory drug (NSAID), aspirin is being investigated for its role in cancer prevention,
particularly colorectal cancer, though the exact mechanisms remain unclear [30, 31].

Based on the results, aspirin hinders the transformation of M1 macrophages into M2 macrophages, thereby
enhancing immune response and reducing cancer progression [32]. Furthermore, studies suggest a synergistic
effect between aspirin and anti-PD-L1 blockade, which may enhance its anti-tumor efficacy through COX

e

46



Iftode et al., Therapeutic Potential of Aspirin Repurposing in Colon Cancer

inhibition [33]. Clinical trials have shown promising results in reducing the risk of colon cancer with aspirin use
[34, 35].

Challenges and future directions
Ongoing challenges in cancer treatment

Despite decades of research, cancer remains one of the leading causes of mortality worldwide. The process of
developing new cancer therapies often involves repurposing well-known molecular entities originally designed
for non-cancerous conditions [36]. Colon cancer, the second deadliest cancer globally, is primarily linked to TP53
gene mutations, which affect the production of the p53 protein [37, 38]. This protein plays a crucial role in
eliminating damaged cells through apoptosis or autophagy while supporting the repair of others [39].
Understanding how non-oncology drugs exhibit anticancer activity has been made possible through advancements
in genomics and drug screening technologies [40].

Personalized medicine and biomarkers in cancer research
Significant progress has been made in identifying colorectal cancer (CRC) biomarkers, facilitated by innovative
techniques such as:
e Organoids and patient-derived xenografts
e Liquid biopsies
o Consensus molecular subtypes (CMS) characterization

To establish a clinically viable gold standard for biomarker development, further validation is required,
particularly in quantification, reproducibility, and scalability [41]. Instead of conventional staging-based
treatments, cancer therapies are now shifting toward mechanism-based treatments, which focus on the tumor’s
molecular profile rather than its location or tissue type [42].

While CMS-based classification has advanced treatment personalization, applying this approach in clinical
settings remains complex—especially when extracting genome-wide transcriptome data from formalin-fixed,
paraffin-embedded tissues. However, recent studies indicate that CMS classification using immunohistochemistry
(IHC) with five key markers (CDX2, FRMD6, HTR2B, ZEB1, and KER) can achieve 87% accuracy compared
to transcriptome-based classification [43].

Additionally, patient-derived xenografts and tumor organoid technology are emerging as key tools in biomarker
discovery. These 3D in vitro tumor models allow researchers to predict patient responses to treatments and
optimize personalized therapies [44, 45]. Organoid technology also enables high-throughput screening, aiding in
drug repurposing efforts by identifying previously unknown therapeutic applications of existing drugs [46].

Artificial intelligence in colorectal cancer (CRC) diagnosis and treatment

Advances in artificial intelligence (Al), particularly deep learning, are revolutionizing the way colorectal cancer
(CRC) is diagnosed and treated. Al tools assist in lesion detection and diagnosis, leading to more personalized
treatment plans. These systems help reduce observer bias and distractions, boosting both the speed and accuracy
of diagnosis. In some cases, Al can match or even exceed human performance in detecting and diagnosing CRC
[47].

Al is also valuable in assessing the quality of screening and diagnostic procedures. For instance, researchers have
developed models using natural language processing (NLP) to evaluate colonoscopy quality across various
institutions [48]. Additionally, Al-enabled virtual assistants are improving communication between patients and
healthcare providers while offering personalized healthcare services. Mobile Al applications, such as the Colour
App (Colorectal Cancer Awareness Application), are enhancing public awareness and boosting participation in
CRC screening programs [49].

While Al applications offer significant benefits for CRC diagnosis and treatment, challenges remain. Training Al
systems to think like humans involve multiple factors, and integrating this technology into clinical workflows
remains a significant obstacle. However, with increasing regulatory approvals and support from professional
organizations, the use of Al in routine patient care is expected to rise. One of the major hurdles is the high cost of
developing Al models, along with challenges in obtaining FDA approval [50].

Privacy concerns also present a challenge. Collaborations between academic research and healthcare companies
could potentially expose patient data to privacy breaches. Al-based platforms that analyze data from electronic

e
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medical records (EMRs) or colonoscopy images are being explored, allowing real-time decision assistance and
training opportunities. Despite its potential, AI’s ability to handle large datasets raises the need for further research
to develop appropriate security and privacy protocols for the safe storage and use of medical data [50].
Exploring medication repurposing strategies, particularly through computational methods like machine learning,
network modeling, and molecular docking studies, has the potential to revolutionize colon cancer treatment. These
computational tools expedite drug discovery by systematically analyzing already-approved medications, offering
a cost-effective alternative to more time-consuming approaches. Aspirin, with its proven safety profile and
established anti-cancer properties, serves as a prime example of the promising potential of drug repurposing.
However, challenges associated with pharmacological repurposing, such as off-target effects and limited patent
protection, must be addressed. These issues highlight the need for more advanced methodologies and regulatory
frameworks. Recognizing and addressing these challenges is essential to minimizing risks and ensuring that
repurposed drugs can be effectively utilized in colon cancer treatment.

Integrating biomarkers with artificial intelligence (AI) seems crucial to advancing medication repurposing.
Biomarkers enable more precise patient categorization, which in turn improves the likelihood of positive treatment
outcomes. Additionally, Al, with its ability to analyze large datasets and predict therapeutic efficacy, has the
potential to reshape the drug discovery landscape. This discussion emphasizes the promising future of medication
repurposing in colon cancer, particularly through computational techniques, with aspirin as a successful case
study. By overcoming challenges and incorporating advanced technologies like biomarkers and Al, a more
effective, personalized approach to colon cancer therapy can be achieved, improving patient outcomes and
bringing us closer to precision medicine.

Conclusion

The exploration of medication repurposing for colon cancer treatment, particularly with aspirin, demonstrates a
promising strategy for addressing treatment challenges. Through the integration of computational tools, machine
learning, and molecular docking, aspirin has emerged as a strong candidate for repurposing. The future of
customized treatments for colon cancer relies heavily on advancements in personalized medicine and the use of
artificial intelligence to tailor therapies for individual patients. This review provides a comprehensive overview
of repurposing strategies and aims to guide researchers and clinicians toward more effective and targeted
interventions. As the field progresses, the ongoing use of aspirin in medication repurposing offers hope for better
treatment outcomes in colon cancer, paving the way for more sophisticated, patient-centered, and innovative
cancer therapies.

Acknowledgments: None
Conflict of Interest: None
Financial Support: None
Ethics Statement: None
References

1. Sanap G, Joshi U, Pol V. A review on drug repurposing introduction. Int J Creat Res Thoughts.
2021;9(12):d34-52.

2. Pushpakom S, Iorio F, Eyers PA, Escott KJ, Hopper S, Wells A, et al. Drug repurposing: progress, challenges
and recommendations. Nat Rev Drug Discov. 2019;18(1):41-58.

3. Krishnamurthy N, Grimshaw AA, Axson SA, Choe SH, Miller JE. Drug repurposing: a systematic review on
root causes, barriers and facilitators. BMC Health Serv Res. 2022;22(1):970.

4. To KK, Cho WC. Drug repurposing for cancer therapy in the era of precision medicine. Curr Mol Pharmacol.
2022;15(7):895-903.

5. Schein CH. Repurposing approved drugs for cancer therapy. Br Med Bull. 2021;137(1):13-27.

6. Siegel RL, Wagle NS, Cercek A, Smith RA, Jemal A. Colorectal cancer statistics, 2023. CA Cancer J Clin.
2023;73(3):233-54.

48



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Iftode et al., Therapeutic Potential of Aspirin Repurposing in Colon Cancer

Hossain MS, Karuniawati H, Jairoun AA, Urbi Z, Ooi DJ, John A, et al. Colorectal cancer: a review of
carcinogenesis, global epidemiology, current challenges, risk factors, preventive and treatment strategies.
Cancers. 2022;14(7):1732.

McKeown E, Nelson DW, Johnson EK, Maykel JA, Stojadinovic A, Nissan A, et al. Current approaches and
challenges for monitoring treatment response in colon and rectal cancer. J Cancer. 2014;5(1):31-43.

Ayyar P, Subramanian U. Repurposing—second life for drugs. Pharmacia. 2022;69(1):51-9.

Liu Z, Fang H, Reagan K, Xu X, Mendrick DL, Slikker Jr W, et al. In silico drug repositioning—what we need
to know. Drug Discov Today. 2013;18(3-4):110-5.

Reaume AG. Drug repurposing through nonhypothesis driven phenotypic screening. Drug Discov Today
Ther Strateg. 2011;8(3- 4):85-8.

Kulkarni VS, Alagarsamy V, Solomon VR, Jose PA, Murugesan S. Drug repurposing: an effective tool in
modern drug discovery. Russ J Bioorg Chem. 2023;49(2):157-66.

Sahoo BM, Ravi Kumar BV, Sruti J, Mahapatra MK, Banik BK, Borah P. Drug repurposing strategy (DRS):
emerging approach to identify potential therapeutics for treatment of novel coronavirus infection. Front Mol
Biosci. 2021;8(2021):628144.

Jarada TN, Rokne JG, Alhajj R. A review of computational drug repositioning: strategies, approaches,
opportunities, challenges, and directions. J Cheminf. 2020;12(1):1-23.

Li J, Zheng S, Chen B, Butte AJ, Swamidass SJ, Lu Z. A survey of current trends in computational drug
repositioning. Brief Bioinform. 2016;17(1):2-12.

Menden MP, lorio F, Garnett M, McDermott U, Benes CH, Ballester PJ, et al. Machine learning prediction
of cancer cell sensitivity to drugs based on genomic and chemical properties. PLoS one. 2013;8(4):e61318.
Napolitano F, Zhao Y, Moreira VM, Tagliaferri R, Kere J, D’ Amato M, et al. Drug repositioning: a machine-
learning approach through data integration. J Cheminf. 2013;5(1):1-9. Available from:
http://www.jcheminf.com/content/5/1/30

Gottlieb A, Stein GY, Ruppin E, Sharan R. PREDICT: a method for inferring novel drug indications with
application to personalized medicine. Mol Syst Biol. 2011;7(1):496.

Zhang P, Wang F, Hu J. Towards drug repositioning: a unified computational framework for integrating
multiple aspects of drug similarity and disease similarity. AMIA Annu Symp Proc. 2014;2014:1258-67.
Yang J, Li Z, Fan X, Cheng Y. Drug—disease association and drug- repositioning predictions in complex
diseases using causal inference— probabilistic matrix factorization. J Chem Inform Model. 2014;54(9):2562-
9.

Azuaje F. Drug interaction networks: an introduction to translational and clinical applications. Cardiovas Res.
2013;97(4):631-41.

Iorio F, Rittman T, Ge H, Menden M, Saez-Rodriguez J. Transcriptional data: a new gateway to drug
repositioning? Drug Discov Today. 2013;18(7-8):350-7.

Wu C, Gudivada RC, Aronow BJ, Jegga AG. Computational drug repositioning through heterogeneous
network clustering. BMC Syst Biol. 2013;7:1-9.

De Siqueira Santos S, Torres M, Galeano D, del Mar Sanchez M, Cernuzzi L, Paccanaro A. Machine learning
and network medicine approaches for drug repositioning for COVID-19. Patterns. 2022;3(1).

Haeberle H, Dudley JT, Liu JT, Butte AJ, Contag CH. Identification of cell surface targets through meta-
analysis of microarray data. Neoplasia. 2012;14(7):666-9.

Sagade A, Shanbhag S, Pimpale V, Patil N, Neve V, Tonape A, et al. Estimation of concentration-dependent
antimicrobial efficacy of Vitex negundo. Pharm Reson. 2023;6(1):84-9.

Lifiares-Blanco J, Munteanu CR, Pazos A, Fernandez-Lozano C. Molecular docking and machine learning
analysis of Abemaciclib in colon cancer. BMC Mol Cell Biol. 2020;21(1):1-8.

Bandivadekar PV, Neve V, Patil P. Cdk 4/6 inhibitors revolutionized breast cancer therapy. J Pharmacogn
Phytochem. 2018;7(6S):15-8.

Langley RE, Burdett S, Tierney JF, Cafferty F, Parmar MK, Venning G. Aspirin and cancer: has aspirin been
overlooked as an adjuvant therapy? Br J Cancer. 2011;105(8):1107-13.

Neve V, Darbhe J, Bhalchim V, Karwa P, Kumawat J, Gokhale S, et al. Evaluation of anti-inflammatory and
analgesic property of methanolic extract of momordica dioica in Wistar rat model. J Adv Zool.
2023;44(S5):3022-36.

49



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Iftode et al., Therapeutic Potential of Aspirin Repurposing in Colon Cancer

Alfonso L, Ai G, Spitale RC, Bhat GJ. Molecular targets of aspirin and cancer prevention. Br J Cancer.
2014;111(1):61-7.

Na YR, Yoon YN, Son DI, Seok SH. Cyclooxygenase-2 inhibition blocks M2 macrophage differentiation
and suppresses metastasis in murine breast cancer model. PloS one. 2013;8(5):e63451.

Hamada T, Zhang X, Mima K, Bullman S, Sukawa Y, Nowak JA, et al. Fusobacterium nucleatum in
colorectal cancer relates to immune response differentially by tumor microsatellite instability status. Cancer
Immunol Res. 2018;6(11):1327-36.

Tsioulias GJ, Go MF, Rigas B. NSAIDs and colorectal cancer control: promise and challenges. Curr
Pharmacol Rep. 2015;1(5):295-301.

Kirtonia A, Gala K, Fernandes SG, Pandya G, Pandey AK, Sethi G, et al. Repurposing of drugs: an attractive
pharmacological strategy for cancer therapeutics. InSeminars in cancer biology 2021 Jan 1 (Vol. 68, pp. 258-
278). Academic Press.

Nowak-Sliwinska P, Scapozza L, Altaba AR. Drug repurposing in oncology: compounds, pathways,
phenotypes and computational approaches for colorectal cancer. Biochim Biophys Acta (BBA)-Rev Cancer.
2019;1871(2):434-54.

Naccarati A, Polakova V, Pardini B, Vodickova L, Hemminki K, Kumar R, et al. Mutations and
polymorphisms in TP53 gene—an overview on the role in colorectal cancer. Mutagenesis. 2012;27(2):211-
8.

Lee WY, Lee WT, Cheng CH, Chen KC, Chou CM, Chung CH, et al. Repositioning antipsychotic
chlorpromazine for treating colorectal cancer by inhibiting sirtuin 1. Oncotarget. 2015;6(29):27580.
Available from: www.impactjournals.com/oncotarget/

Shen L, Sun X, Fu Z, Yang G, Li J, Yao L. The fundamental role of the p53 pathway in tumor metabolism
and its implication in tumor therapy. Clin Cancer Res. 2012;18(6):1561-7.

Hua Y, Dai X, Xu Y, Xing G, Liu H, Lu T, et al. Drug repositioning: progress and challenges in drug
discovery for various diseases. Eur J Med Chem. 2022;234(5):114239.

Diaz Jr LA, Williams RT, Wu J, Kinde I, Hecht JR, Berlin J, et al. The molecular evolution of acquired
resistance to targeted EGFR blockade in colorectal cancers. Nature. 2012;486(7404):537-40.

Guinney J, Dienstmann R, Wang X, De Reynies A, Schlicker A, Soneson C, et al. The consensus molecular
subtypes of  colorectal cancer.  Nat  Med. 2015;21(11):1350-6. Available  from:
http://www.nature.com/authors/editorial policies/license.html#terms

Trinh A, Trumpi K, De Sousa E Melo F, Wang X, De Jong JH, Fessler E, et al. Practical and robust
identification of molecular subtypes in colorectal cancer by immunohistochemistry. Clin Cancer Res.
2017;23(2):387-98.

Morton CL, Houghton PJ. Establishment of human tumor xenografts in immunodeficient mice. Nat Protoc.
2007;2(2):247-50.

Weeber F, Van De Wetering M, Hoogstraat M, Dijkstra KK, Krijgsman O, Kuilman T, et al. Preserved genetic
diversity in organoids cultured from biopsies of human colorectal cancer metastases. Proc Natl Acad Sci.
2015;112(43):13308-11.

Koulis C, Yap R, Engel R, Jardé T, Wilkins S, Solon G, et al. Personalized medicine—current and emerging
predictive and prognostic biomarkers in colorectal cancer. Cancers. 2020;12(4):812.

East JE, Vleugels JL, Roelandt P, Bhandari P, Bisschops R, Dekker E, et al. Advanced endoscopic imaging:
European society of gastrointestinal endoscopy (ESGE) technology review. Endoscopy. 2016;48(11):1029-
45.

Imler TD, Morea J, Kahi C, Cardwell J, Johnson CS, Xu H, et al. Multi-center colonoscopy quality
measurement utilizing natural language processing. Am J Gastroenterol. 2015;110(4):543-52.

Marzuki MF, Yaacob NA, bin Yaacob NM, Hassan MR, Ahmad SB. Usable mobile app for community
education on colorectal cancer: development process and usability study. JMIR Hum Factors.
2019;6(2):e12103.

Abadir AP, Ali MF, Karnes W, Samarasena JB. Artificial intelligence in gastrointestinal endoscopy. Clin
Endosc. 2020;53(2):132-41.

50



