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1. Introduction 

Cancer remains a significant global health challenge, with 

varying incidence and mortality rates across the globe. Ac- 

cording to the Surveillance, Epidemiology, and End Re- 

sults (SEER) registry [1] and the American Cancer Soci- 

ety (ACS) [2], more than 2 million new cancer cases are 

expected in the US by 2025. Understanding the burden 

of disease and advancements in tailored treatments, also 

known as precision or personalized medicine, is crucial for 

improving patient outcomes. Pharmacogenomics is the 

study of how an individual’s genetic makeup influences 

their response to treatment [3]. This field aims to identify 

genetic variations among individuals (pharmacogenomic 

variants) to predict drug efficacy and the risk of adverse 

drug reactions, thereby optimizing and personalizing treat- 

ment while minimizing side effects for patients [4]. In 

the last decade, attention has increasingly shifted beyond 

the traditional coding genome to noncoding RNAs (ncR- 

NAs), which serve as key regulators of gene expression 

and biomarkers in cancer, adding complexity to tumor sig- 

naling networks. 

2. Pharmacogenomics and 
Noncoding RNAs 

Population pharmacogenomics explains individual differ- 

ences in treatment response due to genetic germline vari- 

ations in specific genes, such as CYP2D6 [5]. Advances 

in next-generation sequencing and computational bioin- 

formatics have enabled the detection of thousands of rare 

variants; however, their phenotypic functions remain un- 

known [6]. In claims data from the Swiss population [7], 

drug switching among escitalopram users was found to 

be more common in younger patients (under 20 years 

of age) and in women. A Japanese study [8] used phar- 

macogenomic data on CYP450 enzymes to predict phar- 

macokinetic changes caused by genetic variants in drugs 

commonly used among Asian populations. A pharma- 

cogenomic study in Chinese patients examined polymor- 

phisms in DNA-thioguanine nucleotide metabolism to 

inform precision dosing for thiopurine therapy [9]. We 

have recently reported the whole-genome transcriptome 

profiling of Withania somnifera, highlighting its potential 

benefits for neurodegenerative diseases [10]. Although 

this study primarily highlighted modulation of significant 

genes involved in neurodegeneration by Withania, an ad- 

ditional regulatory layer arises from noncoding RNAs, 

functional molecules that, though untranslated, influence 

translation, genome defense, and gene expression at both 

transcriptional and post-transcriptional levels [11]. These 

include microRNAs (miRNAs), long noncoding RNAs 

(lncRNAs), long intergenic noncoding RNAs (lincRNAs), 

circular RNAs (circRNAs), small nucleolar RNAs (snoR- 

NAs), piwi-interacting RNAs (piRNAs), vault RNAs (vR- 

NAs or vtRNAs), tRNA-derived small RNAs (tsRNAs), 

etc. Our studies on Withania indicate extensive involve- 

ment of noncoding RNAs, including miRNAs, lncRNAs, 
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and circRNAs, in mediating its health-beneficial effects 

(data not published), and they explain, in part, the phar- 

macokinetic profile differences observed between males 

and females [12]. 

ncRNA expression levels are known to be dysregu- 

lated in various cancers. Some examples include the well- 

studied lncRNA MALAT1, in lung, colorectal, prostate, 

breast, liver cancers, and glioma [13]; lncRNAs HOTAIR 

and GAS5 in breast cancer; the miRNAs miR-221/222 in 

stomach and prostate cancers; miRNA miR-106a in col- 

orectal, pancreatic and prostate cancers [14]; circRNAs 

circ-FOXO3 in lung cancer [15] and circRNA-MYLK in 

bladder cancer [16]. 

will be useful in drug discovery, biomarker discovery, 

and precision dosing in cancer, as we have discussed in 

detail earlier [33,34]. 

3. Noncoding RNAs in Cancer 
Diagnosis and Therapy 

ncRNAs can serve as non-invasive biomarkers in diagnos- 

tic techniques such as liquid biopsies, alongside conven- 

tional markers like cell-free DNA (cfDNA) and circulating 

tumor DNA (ctDNA) [35,36]. They can also be detected 

in body fluids such as blood and urine; Yuan et al. iden- 

tified a circulating 4-lncRNA panel from blood samples 

ncRNAs alter mRNA expression by post-transcriptionalwith value in diagnosing non-small cell lung cancer [37]. 

modifications. For instance, Tabnak et al. [17] have eluci- 

dated the involvement of ncRNAs in the modification of 

N6-methyladenosine (m6A), which in turn dysregulates 

the Wnt pathway and promotes tumorigenesis and cancer 

progression. piwiRNAs have also been implicated in epi- 

genetic histone and DNA modifications, tumor growth, 

cancer metastasis, chemoresistance, and modulation of 

other noncoding RNAs [18]. To date, four human vault 

RNAs (vtRNA1-1, 1-2, 1-3, and 2-1), part of a ribonu- 

cleoprotein ‘vault complex’, have been discovered and 

investigated in the context of cancer [19]; Ferro et al. [20] 

studied the roles of vtRNA1-1 in apoptosis resistance, tu- 

morigenesis, cell proliferation, and chemoresistance. Hu 

et al. found that tsRNA-5001a promotes cell proliferation 

in lung adenocarcinoma and is also implicated in its recur- 

rence [21]. We have also previously reported the pharma- 

cogenomics of miRNAs in osteosarcoma [22], miRNAs 

in cancer chemoprevention and chemoresistance [23,24], 

lncRNA-miRNA interactions [25] and noncoding RNAs 

in various solid tumor malignancies, such as multiple 

myeloma [26], malignant mesothelioma [27] and prostate 

cancer [28,29]. 

An association between the rs7958904 polymor- 

phism in the lncRNA HOTAIR and cervical cancer has 

been established in Bangladeshi women [30]. The 

Manolopoulos group in Greece has reported that the 

MIR27A rs895819 CC genotype results in reduced miR- 

27a-3p expression, thus serving as a marker of fluoropy- 

rimidine response in cancer therapy [31]. Interestingly, 

Su et al. [32] established noncoding RNA regulatory net- 

works and studied drug-target interactions. The integra- 

tive approach employed in this study facilitated the iden- 

tification of key therapeutic targets for the treatment of 

various cancers. Moving forward, an integrative pharma- 

cometrics approach that combines knowledge of pharma- 

cokinetics, pharmacogenomics, noncoding RNAs, recep- 

tor pharmacology, preclinical data, and human clinical 

trials will be necessary to develop a holistic model that 

miRNAs mediate signaling pathways that facilitate com- 

munication between tumor cells and their microenviron- 

ment [38], and also crosstalk with lncRNAs [39]. Their 

sensitivity and specificity compared to traditional markers 

have been demonstrated in certain cancers, e.g., prostate 

cancer [40]. ncRNAs also have therapeutic potential in 

two main contexts: they can either compensate for the loss 

of function of downregulated RNAs (replacement therapy) 

or suppress overexpressed RNAs. An example is miRNA- 

based therapy, where mimics that emulate and restore the 

functions of endogenous miRNAs, or miRNA antagonists 

that downregulate miRNA expression, are both being ex- 

plored [41]. Several strategies are available for deliver- 

ing ncRNAs to their targets, including viral or plasmid 

vectors, liposomes, natural or synthetic nanoparticles, and 

cell-derived exosomes. 

4. Challenges in Precision 
Oncology Implementation 

Significant advances are made each year in noncoding 

RNA research, uncovering new functions and regulatory 

networks. Multiple ncRNAs may regulate a single gene or 

target several mRNAs each, while interacting with other 

ncRNAs. We have also previously described such in- 

tricacies [28,29] and their implications in translational 

medicine [25]. Moreover, an ncRNA might target onco- 

genes in a certain cancer while itself functioning as an 

oncogenic molecule in another, such as the miRNA miR- 

10 [42]. 

Winkle et al. broadly classify the major hurdles of 

therapeutic implementations into those of immunogenic- 

ity, specificity, and delivery, and describe innovative so- 

lutions to each [43]. The mechanistic challenge of speci- 

ficity is arguably the most critical, as ncRNAs can share 

sequence homology with endogenous RNAs, and non- 

specific binding of therapeutics may lead to the silenc- 

ing of unintended targets. Further, even if the molecule 
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binds to the intended target and executes its function, it 

is challenging to accurately modulate every upstream or 

downstream consequential effect linked to the respective 

regulatory network(s). Additionally, ncRNAs, as a class 

of RNA, have a relatively short half-life [44,45] due to 

their intrinsic temperature sensitivity and susceptibility to 

nucleases and hydrolysis, both in vitro and in vivo. They 

are also rapidly cleared from the system [46], threatening 

their structural stability, complicating delivery, and reduc- 

ing their circulating time. Moreover, their negative charge 

and hydrophilic nature complicate cellular uptake. Local 

administration of therapeutics and optimizing carriers has 

been suggested to protect ncRNAs from degradation and 

ease entry into the cellular membrane. 

The importance of a pharmacometrics perspective 

role(s), as biomarkers, and otherwise [51], of the noncod- 

ing RNA interactome—mainly miRNAs, lncRNAs, and 

circRNAs [52,53]—in cardiovascular diseases [54], neu- 

rodegenerative diseases [55,56], inflammatory diseases [57, 

58], diabetes [59,60], sepsis, pulmonary diseases, and sev- 

eral more. Also released recently are two valuable databases, 

both maintained by the Cui laboratory at Peking University, 

visualizing noncoding RNAs and their links to diseases: 

the Human microRNA Disease Database (HMDD), which 

holds over 53,000 manually compiled miRNA-disease as- 

sociations [61], and the LncRNADisease v3.0 database 

that has collected over 13,000 lncRNA associations and 

12,000 circRNA associations with disease [62]. Harness- 

ing this resource through machine learning and data analy- 

sis and integrating it into a clinically actionable framework 

cannot be overstated, as the pleiotropic and context-dependenftor personalized drug prescribing, similar to the MedeA ap- 

actions of ncRNAs complicate traditional pharmacoki- 

netic and pharmacodynamic workflows, as well as the 

development of biomarker panels for cancer diagnosis 

and screening. As ncRNA research and its applications 

are still emerging, they cannot yet be evaluated against 

existing standards of molecular and bioinformatics tech- 

niques. Many ncRNAs, not being protein-coding, are also 

not well-conserved between species, making it difficult to 

interpret their functions and extrapolate pre-clinical find- 

ings from animal models in model-informed drug devel- 

opment (MIDD). Therefore, existing regulatory models 

must adapt their frameworks accordingly. MIDD can 

reduce ‘financial toxicity’ for patients; however, to be 

effective in precision oncology, it must rely on models 

developed from existing patient data [33]. In addition, 

as we have discussed previously [47], it is important to 

consider the sociocultural context, particularly when ap- 

plying pharmacogenomic models to autochthonous and 

vulnerable patient populations. 

5. Conclusion and Future 
Perspectives 

There is a pressing need to integrate pharmacogenomics 

and pharmacogenetics into the pharmacometric healthcare 

paradigm at a global level. [33]. In this context, the highly 

successful implementation of pharmacogenetics and per- 

sonalized medicine in clinical practice in Spain, based 

on electronic health records, by Llerena et al. [48], pop- 

ularly known as the MedeA (Medicina Personalizada Apli- 

cada, Applied Personalised Medicine) initiative, is laud- 

able. This can serve as a benchmark and roadmap for im- 

plementing similar programs worldwide to improve patient 

care. The data on genomics of noncoding RNAs in various 

diseases, including but not limited to cancer [49,50], is scat- 

tered in the scientific literature, such as the widely-studied 

proach, could prove highly beneficial for the patient com- 

munity at large and for clinicians in particular. Figure 1 

exemplifies a sample workflow for clinical pharmacoge- 

nomics. Future precision medicine approaches in cancer 

may likely incorporate the role(s) of noncoding RNAs as 

drivers of diseases, companion diagnostics, and biomark- 

ers for therapeutic intervention. 

 

 
Figure 1: Workflow for clinical pharmacogenomics. Adapted 

from [63,64]. 
 

 

List of Abbreviations 

ACS American Cancer Society 

cfDNA Cell-free DNA 

circRNAs Circular RNAs 

ctDNA Circulating Tumor-derived DNA 

HMDD Human microRNA Disease Database 

lincRNAs Long Intergenic Noncoding RNAs 

lncRNAs Long Noncoding RNAs 

MedeA 
Medicina Personalizada Aplicada 

(Applied Personalised Medicine) 

MIDD Model-Informed Drug Development 

miRNAs MicroRNAs 

https://scifiniti.com/
https://scifiniti.com/journals/genomed-connect


2025, Vol. 2, Article ID. 2025.0016 
https://doi.org/10.69709/GenomC.2025.122437 

GenoMed Connect Bhaskar et al. 

4 

 

 

 
 

 

mRNA Messenger RNA 

ncRNAs Noncoding RNAs 

piRNAs Piwi-interacting RNAs 

Surveillance, Epidemiology 

pharmacogenetic dosing guidelines: A drug utiliza- 
tion study using claims data. Pharmacogenom. J. 
2025, 25, 24. [CrossRef] 

[8] Tanaka, Y.; Shimizu, M.; Saito, Y.; Yamazaki, H. 

SEER 
and End Results 

Japanese medicinal drug labeling for use in the clin- 
ical setting as informed by pharmacogenomic data 

snoRNAs Small Nucleolar RNAs 

tsRNAs  tRNA-derived Small RNAs 

vRNAs/vtRNAs Vault RNAs 

Author Contributions 

Writing—original draft, Investigation, Writing—review 

and editing, Visualization: A.B.; Writing—review and edit- 

ing: Y.Z.; Conceptualization, Resources, Writing—review 

and editing, Supervision, Project administration: S.N. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

Funding 

The study did not receive any external funding and was 

conducted using only institutional resources. 

Acknowledgments 

The authors would like to acknowledge JGraph Ltd. and 

draw.io AG for the draw.io/app.diagrams.net (accessed on 

14 August 2025) visualization application. Source: https: 

//github.com/jgraph/drawio (accessed on 14 August 2025). 

References 

[1] Cancer of Any Site—Cancer Stat Facts. SEER. Avail- 
able online: https://seer.cancer.gov/statfacts/html/all. 
html (accessed on 14 August 2025). 

[2] Siegel, R.L.; Kratzer, T.B.; Giaquinto, A.N.; Sung, 
H.; Jemal, A. Cancer statistics, 2025. CA. Cancer J. 
Clin. 2025, 75, 10–45. [CrossRef] 

[3] Miteva-Marcheva, N.N.; Ivanov, H.Y.; Dimitrov, 
D.K.; Stoyanova, V.K. Application of pharmaco- 
genetics in oncology. Biomark. Res. 2020, 8, 32. 
[CrossRef] 

[4] Population Pharmacogenomics for Health Equity. 
2025. Available online: https://www.mdpi.com/20 
73-4425/14/10/1840 (accessed on 22 June 2025). 

[5] Zhou, Y.; Lauschke, V.M. Population pharmacoge- 
nomics: An update on ethnogeographic differences 
and opportunities for precision public health. Hum. 
Genet. 2022, 141, 1113–1136. [CrossRef] 

[6] Zhou, Y.; Tremmel, R.; Schaeffeler, E.; Schwab, M.; 
Lauschke, V.M. Challenges and opportunities asso- 
ciated with rare-variant pharmacogenomics. Trends 
Pharmacol. Sci. 2022, 43, 852–865. [CrossRef] 

[7] Roth, M.M.; Meier, C.R.; Huber, C.A.; Meyer Zu 
Schwabedissen, H.E.; Allemann, S.; Schneider, C. 
Antidepressant drug switching in the Swiss popula- 
tion with a focus on Escitalopram and drugs with 

on cytochrome P450 enzymes obtained from in sil- 
ico studies. Drug Metab. Pharmacokinet. 2025, 64, 
101496. [CrossRef] [PubMed] 

[9] Zhu, X.; Wang, X.-D.; Xuan, Q.-L.; Guan, S.-X.; 
Guan, Y.-P.; Gao, X.; Chao, K.; Huang, M. Estab- 
lishment of a novel predictive model for thiopurine- 
induced leucopenia based on the polymorphisms in 
the DNA-thioguanine nucleotide metabolite pathway 
in Chinese patients with inflammatory bowel disease. 
Drug Metab. Dispos. Biol. Fate Chem. 2025, 53, 
100119. [CrossRef] [PubMed] 

[10] Sharma, E.; Mehta, D.; Jadhav, N.; Gujrati, G.; 
Dhananya, S.; Moorthy, M.; Ramaswamy, G.; Zhou, 
Y.; Nair, S. Whole-genome sequencing shows mod- 
ulation of neurodegenerative genes by Withania 
somnifera in human SK-N-SH cells. Front. Mol. 
Neurosci. 2025, 18, 1512727. [CrossRef] [PubMed] 

[11] He, X.; Cai, L.; Tang, H.; Chen, W.; Hu, W. Epige- 
netic modifications in radiation-induced non-targeted 
effects and their clinical significance. Biochim. Bio- 
phys. Acta BBA-Gen. Subj. 2023, 1867, 130386. 
[CrossRef] 

[12] Sharma, E.; Ganu, G.; Kshirsagar, K.; Shah, A.; Ma- 
hale, U.; Mehta, A.; Nair, S. An open-label, single 
dose, safety and pharmacokinetic study of Withania 
somnifera root extract in healthy volunteers. Drug 
Metab. Pers. Ther. 2025, 40, 23–34. [CrossRef] 

[13] Sun, Y.; Ma, L. New Insights into Long Non-Coding 
RNA MALAT1 in Cancer and Metastasis. Cancers 
2019, 11, 216. [CrossRef] 

[14] Smolarz, B.; Durczyński, A.; Romanowicz, H.; 
Szyłło, K.; Hogendorf, P. miRNAs in Cancer (Re- 
view of Literature). Int. J. Mol. Sci. 2022, 23, 2805. 
[CrossRef] 

[15] Zhang, Y.; Zhao, H.; Zhang, L. Identification of the 
tumor-suppressive function of circular RNA FOXO3 
in non-small cell lung cancer through sponging miR- 
155. Mol. Med. Rep. 2018, 17, 7692–7700. [Cross- 
Ref] [PubMed] 

[16] Zhong, Z.; Huang, M.; Lv, M.; He, Y.; Duan, C.; 
Zhang, L.; Chen, J. Circular RNA MYLK as a com- 
peting endogenous RNA promotes bladder cancer 
progression through modulating VEGFA/VEGFR2 
signaling pathway. Cancer Lett. 2017, 403, 305–317. 
[CrossRef] 

[17] Tabnak, P.; Ghasemi, Y.; Natami, M.; Khorram, 
R.; Ebrahimnezhad, M. Role of m6A modification 
in dysregulation of Wnt/β-catenin pathway in can- 
cer. Biomed. Pharmacother. 2023, 157, 114023. 
[CrossRef] 

[18] Uppaluri, K.R.; Challa, H.J.; Gaur, A.; Jain, R.; Kr- 
ishna Vardhani, K.; Geddam, A.; Natya, K.; Aswini, 
K.; Palasamudram, K.; K, S.M. Unlocking the poten- 

https://scifiniti.com/
https://scifiniti.com/journals/genomed-connect
https://doi.org/10.1038/s41397-025-00382-1
draw.io/app.diagrams.net
https://github.com/jgraph/drawio
https://github.com/jgraph/drawio
https://seer.cancer.gov/statfacts/html/all.html
https://seer.cancer.gov/statfacts/html/all.html
https://doi.org/10.3322/caac.21871
https://doi.org/10.1186/s40364-020-00213-4
https://www.mdpi.com/2073-4425/14/10/1840
https://www.mdpi.com/2073-4425/14/10/1840
https://doi.org/10.1007/s00439-021-02385-x
https://doi.org/10.1016/j.tips.2022.07.002
https://doi.org/10.1016/j.dmpk.2025.101496
https://www.ncbi.nlm.nih.gov/pubmed/40782573
https://doi.org/10.1016/j.dmd.2025.100119
https://www.ncbi.nlm.nih.gov/pubmed/40774024
https://doi.org/10.3389/fnmol.2025.1512727
https://www.ncbi.nlm.nih.gov/pubmed/40636521
https://doi.org/10.1016/j.bbagen.2023.130386
https://doi.org/10.1515/dmpt-2024-0089
https://doi.org/10.3390/cancers11020216
https://doi.org/10.3390/ijms23052805
https://doi.org/10.3892/mmr.2018.8830
https://doi.org/10.3892/mmr.2018.8830
https://www.ncbi.nlm.nih.gov/pubmed/29620202
https://doi.org/10.1016/j.canlet.2017.06.027
https://doi.org/10.1016/j.biopha.2022.114023


2025, Vol. 2, Article ID. 2025.0016 
https://doi.org/10.69709/GenomC.2025.122437 

GenoMed Connect Bhaskar et al. 

5 

 

 

 
 

 

tial of non-coding RNAs in cancer research and ther- 
apy. Transl. Oncol. 2023, 35, 101730. [CrossRef] 

[19] Gallo, S.; Kong, E.; Ferro, I.; Polacek, N. Small but 
Powerful: The Human Vault RNAs as Multifaceted 
Modulators of Pro-Survival Characteristics and Tu- 
morigenesis. Cancers 2022, 14, 2787. [CrossRef] 
[PubMed] 

[20] Ferro, I.; Gavini, J.; Gallo, S.; Bracher, L.; Lan- 
dolfo, M.; Candinas, D.; Stroka, D.M.; Polacek, N. 
The human vault RNA enhances tumorigenesis and 
chemoresistance through the lysosome in hepato- 
cellular carcinoma. Autophagy 2021, 18, 191–203. 
[CrossRef] 

[21] Hu, F.; Niu, Y.; Mao, X.; Cui, J.; Wu, X.; Ii, C.B.S.; 
Kang, H.S.; Qin, W.; Jiang, L. tsRNA-5001a pro- 
motes proliferation of lung adenocarcinoma cells and 
is associated with postoperative recurrence in lung 
adenocarcinoma patients. Transl. Lung Cancer Res. 
2021, 10, 3957–3972. [CrossRef] [PubMed] 

[22] Trivedi, J.; Desai, A.; Saha, P.; Ajgaonkar, S.; Nabar, 
S.; Momin, M.; Muzumdar, I.; Nair, S. Current In- 
sights into Signature MicroRNA Networks and Sig- 
nal Transduction in Osteosarcoma. Curr. Pharmacol. 
Rep. 2024, 10, 159–206. [CrossRef] 

[23] Nair, S.; Kong, A.-N.T. Architecture of Signature 
miRNA Regulatory Networks in Cancer Chemopre- 
vention. Curr. Pharmacol. Rep. 2015, 1, 89–101. 
[CrossRef] 

[24] Shah, D.; Gandhi, M.; Kumar, A.; Cruz-Martins, N.; 
Sharma, R.; Nair, S. Current insights into epigenet- 
ics, noncoding RNA interactome and clinical pharma- 
cokinetics of dietary polyphenols in cancer chemo- 
prevention. Crit. Rev. Food Sci. Nutr. 2023, 63, 
1755–1791. [CrossRef] [PubMed] 

[25] Nair, S. Current insights into the molecular systems 
pharmacology of lncRNA-miRNA regulatory in- 
teractions and implications in cancer translational 
medicine. AIMS Mol. Sci. 2016, 3, 104–124. 
[CrossRef] 

[26] Gandhi, M.; Bakhai, V.; Trivedi, J.; Mishra, A.; 
De Andrés, F.; LLerena, A.; Sharma, R.; Nair, S. 
Current perspectives on interethnic variability in mul- 
tiple myeloma: Single cell technology, population 
pharmacogenetics and molecular signal transduc- 
tion. Transl. Oncol. 2022, 25, 101532. [CrossRef] 
[PubMed] 

[27] Gandhi, M.; Nair, S. New vistas in malignant 
mesothelioma: MicroRNA architecture and NRF2/ 
MAPK signal transduction. Life Sci. 2020, 257, 
118123. [CrossRef] 

[28] Nair, S. Differential signaling regulatory networks 
governing hormone refractory prostate cancers. J. 
Chin. Pharm. Sci. 2014, 23, 511–524. [CrossRef] 

[29] Nair, S.; Liew, C.; Khor, T.-O.; Cai, L.; Tony Kong, 
A.N. Elucidation of regulatory interaction networks 
underlying human prostate adenocarcinoma. J. Chin. 
Pharm. Sci. 2015, 24, 12–27. [CrossRef] 

[30] Akther, A.; Millat, M.S.; Islam, M.A.; Chowd- 
hury, M.M.I.; Aziz, M.A.; Barek, M.A.; Uddin, 
S.M.N.; Ahmed, F.; Islam, M.S. Association of 

HOTAIR rs7958904 Polymorphism with Cervical 
Cancer Risk. Reprod. Sci. 2024, 31, 3420–3427. 
[CrossRef] [PubMed] 

[31] Ragia, G.; Pallikarou, M.; Michou, C.; Manolopou- 
los, V.G. MIR27A rs895819 CC Genotype Severely 
Reduces miR-27a Plasma Expression Levels. Genes 
2024, 15, 1491. [CrossRef] 

[32] Su, Y.; Wang, Y.; Qu, Z.; Liu, J.; Ren, X.; Zhang, 
D.; Chen, X. Multi-level characteristics recognition 
of cancer core therapeutic targets and drug screening 
for a broader patient population. Front. Pharmacol. 
2023, 14, 1280099. [CrossRef] 

[33] Nair, S.; Kong, A.-N.T. Emerging Roles for Clini- 
cal Pharmacometrics in Cancer Precision Medicine. 
Curr. Pharmacol. Rep. 2018, 4, 276–283. [Cross- 
Ref] 

[34] Nair, S.; LLerena, A. New perspectives in person- 
alised medicine for ethnicity in cancer: Population 
pharmacogenomics and pharmacometrics. Drug 
Metab. Pers. Ther. 2018, 33, 61–64. [CrossRef] 

[35] Toden, S.; Goel, A. Non-coding RNAs as liquid 
biopsy biomarkers in cancer. Br. J. Cancer 2022, 
126, 351–360. [CrossRef] 

[36] Eldakhakhny, B.; Sutaih, A.M.; Siddiqui, M.A.; 
Aqeeli, Y.M.; Awan, A.Z.; Alsayegh, M.Y.; El- 
samanoudy, S.A.; Elsamanoudy, A. Exploring the 
role of noncoding RNAs in cancer diagnosis, progno- 
sis, and precision medicine. Non-Coding RNA Res. 
2024, 9, 1315–1323. [CrossRef] [PubMed] 

[37] Yuan, S.; Xiang, Y.; Guo, X.; Zhang, Y.; Li, C.; Xie, 
W.; Wu, N.; Wu, L.; Cai, T.; Ma, X.; et al. Cir- 
culating Long Noncoding RNAs Act as Diagnostic 
Biomarkers in Non-Small Cell Lung Cancer. Front. 
Oncol. 2020, 10, 537120. [CrossRef] [PubMed] 

[38] Arghiani, N.; Shah, K. Modulating microRNAs in 
cancer: Next-generation therapies. Cancer Biol. 
Med. 2022, 19, 289–304. [CrossRef] 

[39] Bhattacharjee, R.; Prabhakar, N.; Kumar, L.; Bhat- 
tacharjee, A.; Kar, S.; Malik, S.; Kumar, D.; Ruoko- 
lainen, J.; Negi, A.; Jha, N.K.; et al. Crosstalk be- 
tween long noncoding RNA and microRNA in Can- 
cer. Cell. Oncol. Dordr. 2023, 46, 885–908. [Cross- 
Ref] [PubMed] 

[40] Munteanu, V.C.; Munteanu, R.A.; Onaciu, A.; 
Berindan-Neagoe, I.; Petrut, B.; Coman, I. MiRNA- 
Based Inspired Approach in Diagnosis of Prostate 
Cancer. Medicina 2020, 56, 94. [CrossRef] 

[41] Pagoni, M.; Cava, C.; Sideris, D.C.; Avgeris, M.; 
Zoumpourlis, V.; Michalopoulos, I.; Drakoulis, N. 
miRNA-Based Technologies in Cancer Therapy. J. 
Pers. Med. 2023, 13, 1586. [CrossRef] 

[42] Singh, R.; Ha, S.E.; Yu, T.Y.; Ro, S. Dual Roles of 
miR-10a-5p and miR-10b-5p as Tumor Suppressors 
and Oncogenes in Diverse Cancers. Int. J. Mol. Sci. 
2025, 26, 415. [CrossRef] 

[43] Winkle, M.; El-Daly, S.M.; Fabbri, M.; Calin, G.A. 
Noncoding RNA therapeutics—Challenges and po- 
tential solutions. Nat. Rev. Drug Discov. 2021, 20, 
629–651. [CrossRef] [PubMed] 

https://scifiniti.com/
https://scifiniti.com/journals/genomed-connect
https://doi.org/10.1016/j.tranon.2023.101730
https://doi.org/10.3390/cancers14112787
https://www.ncbi.nlm.nih.gov/pubmed/35681764
https://doi.org/10.1080/15548627.2021.1922983
https://doi.org/10.21037/tlcr-21-829
https://www.ncbi.nlm.nih.gov/pubmed/34858784
https://doi.org/10.1007/s40495-024-00355-1
https://doi.org/10.1007/s40495-014-0014-6
https://doi.org/10.1080/10408398.2021.1968786
https://www.ncbi.nlm.nih.gov/pubmed/34433338
https://doi.org/10.3934/molsci.2016.2.104
https://doi.org/10.1016/j.tranon.2022.101532
https://www.ncbi.nlm.nih.gov/pubmed/36103755
https://doi.org/10.1016/j.lfs.2020.118123
https://doi.org/10.5246/jcps.2014.08.067
https://doi.org/10.5246/jcps.2015.01.002
https://doi.org/10.1007/s43032-024-01679-5
https://www.ncbi.nlm.nih.gov/pubmed/39300033
https://doi.org/10.3390/genes15111491
https://doi.org/10.3389/fphar.2023.1280099
https://doi.org/10.1007/s40495-018-0139-0
https://doi.org/10.1007/s40495-018-0139-0
https://doi.org/10.1515/dmpt-2018-0008
https://doi.org/10.1038/s41416-021-01672-8
https://doi.org/10.1016/j.ncrna.2024.06.015
https://www.ncbi.nlm.nih.gov/pubmed/39764154
https://doi.org/10.3389/fonc.2020.537120
https://www.ncbi.nlm.nih.gov/pubmed/33425713
https://doi.org/10.20892/j.issn.2095-3941.2021.0294
https://doi.org/10.1007/s13402-023-00806-9
https://doi.org/10.1007/s13402-023-00806-9
https://www.ncbi.nlm.nih.gov/pubmed/37245177
https://doi.org/10.3390/medicina56020094
https://doi.org/10.3390/jpm13111586
https://doi.org/10.3390/ijms26010415
https://doi.org/10.1038/s41573-021-00219-z
https://www.ncbi.nlm.nih.gov/pubmed/34145432


2025, Vol. 2, Article ID. 2025.0016 
https://doi.org/10.69709/GenomC.2025.122437 

GenoMed Connect Bhaskar et al. 

6 

 

 

 
 

 

[44] Clark, M.B.; Johnston, R.L.; Inostroza-Ponta, M.; 
Fox, A.H.; Fortini, E.; Moscato, P.; Dinger, M.E.; 
Mattick, J.S. Genome-wide analysis of long noncod- 
ing RNA stability. Genome Res. 2012, 22, 885–898. 
[CrossRef] [PubMed] 

[45] Tani, H.; Mizutani, R.; Salam, K.A.; Tano, K.; Ijiri, K.; 
Wakamatsu, A.; Isogai, T.; Suzuki, Y.; Akimitsu, N. 
Genome-wide determination of RNA stability reveals 
hundreds of short-lived noncoding transcripts in mam- 
mals. Genome Res. 2012, 22, 947–956. [CrossRef] 

[46] Wang, J.; Tian, T.; Li, X.; Zhang, Y. Noncoding 
RNAs Emerging as Drugs or Drug Targets: Their 
Chemical Modification, Bio-Conjugation and In- 
tracellular Regulation. Molecules 2022, 27, 6717. 
[CrossRef] [PubMed] 

[47] Peñas-LLedó, E.; Terán, E.; Sosa-Macías, M.; 
Galaviz-Hernández, C.; Gil, J.-P.; Nair, S.; Diwakar, 
S.; Hernández, I.; Lara-Riegos, J.; Ramírez-Roa, 
R.; et al. Challenges and Opportunities for Clinical 
Pharmacogenetic Research Studies in Resource- 
limited Settings: Conclusions From the Council for 
International Organizations of Medical Sciences– 
Ibero-American Network of Pharmacogenetics and 
Pharmacogenomics Meeting. Clin. Ther. 2020, 42, 
1595–1610.e5. [CrossRef] 

[48] LLerena, A.; Peñas-LLedó, E.; de Andrés, F.; Mata- 
Martín, C.; Sánchez, C.L.; Pijierro, A.; Cobaleda, J. 
Clinical implementation of pharmacogenetics and 
personalized drug prescription based on e-health: 
The MedeA initiative. Drug Metab. Pers. Ther. 
2020, 35, 20200143. [CrossRef] 

[49] Liu, S.J.; Dang, H.X.; Lim, D.A.; Feng, F.Y.; Ma- 
her, C.A. Long noncoding RNAs in cancer metastasis. 
Nat. Rev. Cancer 2021, 21, 446–460. [CrossRef] 

[50] Zhou, X.; Ao, X.; Jia, Z.; Li, Y.; Kuang, S.; Du, C.; 
Zhang, J.; Wang, J.; Liu, Y. Non-coding RNA in can- 
cer drug resistance: Underlying mechanisms and clin- 
ical applications. Front. Oncol. 2022, 12, 951864. 
[CrossRef] 

[51] Li, C.; Ni, Y.-Q.; Xu, H.; Xiang, Q.-Y.; Zhao, Y.; 
Zhan, J.-K.; He, J.-Y.; Li, S.; Liu, Y.-S. Roles and 
mechanisms of exosomal non-coding RNAs in hu- 
man health and diseases. Signal Transduct. Target. 
Ther. 2021, 6, 383. [CrossRef] 

[52] Rong, D.; Sun, H.; Li, Z.; Liu, S.; Dong, C.; Fu, K.; 
Tang, W.; Cao, H. An emerging function of circRNA- 
miRNAs-mRNA axis in human diseases. Oncotarget 
2017, 8, 73271–73281. [CrossRef] 

[53] Nemeth, K.; Bayraktar, R.; Ferracin, M.; Calin, G.A. 
Non-coding RNAs in disease: From mechanisms to 
therapeutics. Nat. Rev. Genet. 2024, 25, 211–232. 
[CrossRef] [PubMed] 

[54] Ginckels, P.; Holvoet, P. Oxidative Stress and Inflam- 
mation in Cardiovascular Diseases and Cancer: Role 
of Non-coding RNAs. Yale J. Biol. Med. 2022, 95, 
129–152. [PubMed] [PubMed Central] 

[55] Mo, M. Editorial: Non-coding RNAs in neurode- 
generative diseases. Front. Neurosci. 2023, 17, 
1241737. [CrossRef] [PubMed] 

[56] Sharma, E.; Mehta, D.; Sahare, S.; Ajgaonkar, S.; 
Saha, P.; Bhaskar, A.; Trivedi, J.; S, D.; Moorthy, 
M.; Ramaswamy, G.; et al. RNA sequencing of the 
lncRNA regulome modulated by Withania somnifera 
in human neuroblastoma SK-N-SH cells. Mol. Biol. 
Rep. 2025, 52, 890. [CrossRef] 

[57] Chen, J.; Ao, L.; Yang, J. Long non-coding RNAs in 
diseases related to inflammation and immunity. Ann. 
Transl. Med. 2019, 7, 494. [CrossRef] 

[58] Zhang, Y.; Liu, H.; Niu, M.; Wang, Y.; Xu, R.; Guo, 
Y.; Zhang, C. Roles of long noncoding RNAs in 
human inflammatory diseases. Cell Death Discov. 
2024, 10, 235. [CrossRef] [PubMed] 

[59] Basudkar, V.; Ajgaonkar, S.; Mehta, D.; Nair, S. Cur- 
rent clinical insights into circRNAs and signal trans- 
duction in diabetic nephropathy. Diabet. Nephrop. 
2023, 3, 58–67. [CrossRef] 

[60] Zhao, W.; Meng, X.; Liang, J. Analysis of circRNA- 
mRNA expression profiles and functional enrichment 
in diabetes mellitus based on high throughput sequenc- 
ing. Int. Wound J. 2022, 19, 1253–1262. [CrossRef] 

[61] Cui, C.; Zhong, B.; Fan, R.; Cui, Q. HMDD v4.0: 
A database for experimentally supported human 
microRNA-disease associations. Nucleic Acids Res. 
2024, 52, D1327–D1332. [CrossRef] 

[62] Lin, X.; Lu, Y.; Zhang, C.; Cui, Q.; Tang, Y.-D.; 
Ji, X.; Cui, C. LncRNADisease v3.0: An updated 
database of long non-coding RNA-associated dis- 
eases. Nucleic Acids Res. 2024, 52, D1365–D1369. 
[CrossRef] 

[63] Keuler, N.; McCartney, J.; Coetzee, R.; Crutchley, 
R. Exploring the Clinical Workflow in Pharmacoge- 
nomics Clinics: An Observational Study. J. Pers. 
Med. 2025, 15, 146. [CrossRef] [PubMed] 

[64] Kabbani, D.; Akika, R.; Wahid, A.; Daly, A.K.; 
Cascorbi, I.; Zgheib, N.K. Pharmacogenomics 
in practice: A review and implementation guide. 
Front. Pharmacol. 2023, 14, 1189976. [CrossRef] 
[PubMed] 

https://scifiniti.com/
https://scifiniti.com/journals/genomed-connect
https://doi.org/10.1101/gr.131037.111
https://www.ncbi.nlm.nih.gov/pubmed/22406755
https://doi.org/10.1101/gr.130559.111
https://doi.org/10.3390/molecules27196717
https://www.ncbi.nlm.nih.gov/pubmed/36235253
https://doi.org/10.1016/j.clinthera.2020.06.008
https://doi.org/10.1515/dmpt-2020-0143
https://doi.org/10.1038/s41568-021-00353-1
https://doi.org/10.3389/fonc.2022.951864
https://doi.org/10.1038/s41392-021-00779-x
https://doi.org/10.18632/oncotarget.19154
https://doi.org/10.1038/s41576-023-00662-1
https://www.ncbi.nlm.nih.gov/pubmed/37968332
https://www.ncbi.nlm.nih.gov/pubmed/35370493
https://pmc.ncbi.nlm.nih.gov/articles/PMC8961704
https://doi.org/10.3389/fnins.2023.1241737
https://www.ncbi.nlm.nih.gov/pubmed/37521693
https://doi.org/10.1007/s11033-025-10981-7
https://doi.org/10.21037/atm.2019.08.37
https://doi.org/10.1038/s41420-024-02002-6
https://www.ncbi.nlm.nih.gov/pubmed/38750059
https://doi.org/10.1515/dine-2023-0007
https://doi.org/10.1111/iwj.13838
https://doi.org/10.1093/nar/gkad717
https://doi.org/10.1093/nar/gkad828
https://doi.org/10.3390/jpm15040146
https://www.ncbi.nlm.nih.gov/pubmed/40278324
https://doi.org/10.3389/fphar.2023.1189976
https://www.ncbi.nlm.nih.gov/pubmed/37274118

	Anand Bhaskar✉,1,2, Yundong Zhou✉,3, Sujit Nair✉,1,2,*
	1. Introduction
	2. Pharmacogenomics and Noncoding RNAs
	3. Noncoding RNAs in Cancer Diagnosis and Therapy
	4. Challenges in Precision Oncology Implementation
	5. Conclusion and Future Perspectives
	List of Abbreviations
	Author Contributions
	Conflicts of Interest
	Funding
	Acknowledgments

