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ABSTRACT: Cataract remains the leading cause of reversible blindness worldwide, yet current management relies 
predominantly on surgical intervention, with limited pharmacological options available to prevent, delay, or reverse 
lens opacification. Advances in artificial intelligence and machine learning (AI/ML) are increasingly transforming 
clinical ophthalmology and pharmaceutical research, offering new avenues for cataract drug discovery. This review 
aims to critically summarize the role of AI–driven approaches in cataract pharmacological discovery, covering AI-based 
diagnosis, target identification, drug screening, and development of disease-modifying therapies, and to highlight 
current challenges and future prospects for AI-enabled cataract management beyond surgery. In clinical practice, AI-

based tools such as Zeiss Al Cataract Suite, Alcon Smart Cataract TM Analytics, and retinal imaging platforms 
developed by Google Health and Topcon are routinely used by ophthalmologists for cataract detection, surgical 
planning, and outcome prediction. However, these applications are predominantly diagnostic and procedural, with 
minimal translation into pharmacological innovation. 
 

Within the pharmaceutical industry, AI platforms including Atomwise, Insilico Medicine, Benevolent AI, Exscientia, 
and Schrödinger have demonstrated success in target identification, virtual screening, molecular design, and phenotypic 
drug discovery across multiple therapeutic areas. These technologies leverage deep learning, graph neural networks, 
and high-content imaging to accelerate lead identification and reduce attrition rates. Despite this progress, their 
application to cataract-specific drug discovery, particularly targeting crystallin protein aggregation, oxidative stress 
pathways, and lens epithelial cell dysfunction, remains limited. 
 

AI/ML-driven pharmacological screening for cataract can integrate multi-omics data, molecular docking, AI-enhanced 
molecular dynamics simulations, and image-based phenotypic assays to identify disease-modifying compounds. 
Moreover, several powerful AI methodologies remain underutilized by the pharmaceutical industry, including causal 
inference-based Al for mechanistic validation, physics-informed neural networks for modelling protein aggregation, 
digital twin models of the human lens for in silico drug response prediction, self-supervised learning for rare cataract 
subtypes, and explainable AI to support regulatory decision-making. 
 

Strategic adoption of these advanced AI frameworks, combined with experimental and clinical validation, could enable 
the development of safe, affordable, and non-surgical pharmacological therapies for cataract, shifting disease 
management toward prevention and personalized treatment. 
 

KEYWORDS: Artificial intelligence; Cataract; Drug discovery; Pharmacological screening 

 

I. INTRODUCTION 

 

Cataract represents a significant global ophthalmic health burden, characterized by the progressive clouding of the 
natural intraocular lens. This morphological change compromises the transparency of the lens, leading to a deterioration 
of visual function and potential irreversible sight loss if untreated 1. The symptomatology is variable; for instance, 
nuclear cataracts are frequently linked to a gradual increase in myopic shift due to increased central refractive power, a 
phenomenon known as nuclear sclerosis 1,2. Other common sequelae include a decrease in the ability to discern fine 
details (visual resolution), increased light scattering (disability glare), and compromised color discrimination. The 
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condition follows a chronic, progressive, and pain-free trajectory and is recognized as the leading cause of treatable 
blindness worldwide, impacting an estimated 95 million patients 1,3. 
 

Despite extensive research into the pathobiology of crystalline lens opacification, a clinically validated pharmaceutical 
intervention for halting or reversing cataract progression remains elusive. Intervention for lens opacities is contingent 
upon functional impact; mild cases are managed conservatively via refractive correction  4. Definitive treatment 
involves surgical lens extraction once visual compromise reaches a threshold that impairs routine activities. 
Phacoemulsification is the gold-standard procedure, utilizing ultrasonic fragmentation and aspiration through a minimal 
corneal wound 5,6. When the density of the cataract necessitates a larger incision, ECCE is employed to remove the 
nucleus and cortex, leaving the posterior capsule intact for IOL support. Conversely, ICCE, a historically significant but 
largely abandoned method, involves the complete removal of the lens and its suspensory apparatus. Notwithstanding 
the procedure's high success rate in sight restoration, systemic barriers continue to challenge the global delivery of 
high-quality surgical ophthalmology 4. 
 

The discovery and development of novel therapeutic entities is a formidable endeavor, frequently requiring extended 
multi-decade timelines, substantial financial investment, and the engagement of multi-institutional consortia. Given that 
cataract is the predominant cause of curable blindness globally, and surgical extraction is the only definitive 
intervention, there is a critical and unmet clinical need for small-molecule or biologic disease-modifying therapies 
(DMTs) 7,8. The advent of AI has provided a compelling technological platform to augment and accelerate the kinetic 
rate of the drug development trajectory. AI methodologies, including Machine Learning (ML) and Deep Learning (DL) 
algorithms, possess the capacity to analyze extensive data repositories, discern intricate biological and chemical 
patterns, and construct sophisticated predictive computational models. These features are particularly advantageous for 
optimizing molecular structure, forecasting pharmacokinetic and pharmacodynamic (PK/PD) profiles, and enhancing 
the logistical efficiency of clinical trials 9,10. Advances in AI/ML are increasingly transforming clinical ophthalmology 
and pharmaceutical research, offering new avenues for cataract drug discovery 9. This review aims to critically 
summarize the role of AI–driven approaches in cataract pharmacological discovery, covering AI-based diagnosis, target 
identification, drug screening, and development of disease-modifying therapies, and to highlight current challenges and 
future prospects for AI-enabled cataract management beyond surgery.  
 

II. AI IN CATARACT DIAGNOSIS AND PROGRESSION MONITORING 

 

AI has been systematically integrated into fields as varied as statistical modeling, healthcare, and pharmaceutical 
development. Since its formal introduction to drug discovery in the late 1990s, AI has transitioned from a descriptive 
tool for data analysis to a generative tool for molecular architecture and trial design. Collaborations involving Pfizer 
and AstraZeneca serve as primary case studies for how AI-human partnerships can accelerate the production of 
transformative therapies. However, systemic challenges regarding data heterogeneity and transparency persist 11,12. 
While the FDA has proactively established the C3TI to address these innovations, the agency faces ongoing criticism 
for regulatory lag. This tension highlights the difficulty of governing a rapidly advancing technological landscape while 
ensuring safety and efficacy through updated clinical guidance 12. The integration of AI (AI) has profoundly augmented 
contemporary ophthalmology, evolving from the computational mechanization of imaging protocols to the adoption of 
ML and Deep Learning (DL). ML, an AI sub-field, relies on data-driven optimization to determine model hyper-
parameters within structures like Support Vector Machines or Random Forests. Conversely, DL, an ML subset, employs 
deep convolutional neural networks (CNNs). The stacked, non-linear transformation layers within these architectures 
facilitate incremental, automated feature engineering, enabling the extraction of high-order ophthalmic image 
characteristics. This self-learning capability has demonstrably yielded state-of-the-art performance in manifold ocular 
image classification applications 11. 
 

2.1 AI-Based Imaging and Screening Tools 

Ophthalmology is a highly image-dependent discipline generating extensive datasets from multiple modalities, 
including retinal fundus photography, optical coherence tomography (OCT), OCT-Angiography (OCT-A), fluorescein 
fundus angiography, and anterior segment photography. The diverse ocular pathologies drive the development of AI 
models utilizing this varied ophthalmic imagery. AI research predominantly leverages easily accessible retinal fundus 
photographs, followed by OCT and anterior segment images 13. Slit-lamp biomicroscopy is the core diagnostic 
instrument utilized to assess the severity of lenticular opacities (cataracts) and to visualize the anterior segment 
structures (e.g., cornea, iris, lens) and posterior segments. This method leverages focused illumination to facilitate the 
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detection and grading of cataracts, often supplemented by other diagnostic modalities like retinal imaging and visual 
acuity assessment to establish a definitive diagnosis 14. In the domain of ophthalmology, deep learning (DL) algorithms 
have achieved superior outcomes for cataract screening. The multi-layered architecture of DL models enables the 
effective and unsupervised acquisition of relevant visual biomarkers from ophthalmic imagery, resulting in precise 
diagnostic classification and clinical utility 15. The developed DL algorithm provides an automated system for cataract 
assessment and clinical triage. The process begins with the assimilation of slit-lamp/retroillumination image datasets 
and corresponding patient VA records. Step 2 involves the pattern recognition necessary for identifying the presence or 
absence of a lens opacification. The subsequent analysis (Step 3) performs a quantitative grading of cataract severity, 
exclusively utilizing the image features 16,17. The final step involves a rule-based expert system that merges the graded 
severity with the BCVA to generate a clinical recommendation. This rule-set dictates non-interventional observation for 
visually non-significant normal cases (BCVA 20/32) and automatic referral to an ophthalmologist for any case 
involving visual impairment (BCVA<20/32) or a mild/moderate cataract classification 17. Current algorithmic 
approaches to the automatic cataract classification and severity determination involve a foundational, human-

supervised preprocessing stage wherein diagnostic metrics are laboriously isolated using an array of established signal 
processing transformations and convolutional filtering operations 16. 
 

2.2 Predictive Modeling for Disease Progression 

Recent advancements in ML and profound learning (DL) have established AI as a critical tool for enhancing 
operational efficiency across diverse domains. The robust performance of DL systems in feature extraction and the 
identification of previously unrecognized biomarkers within large, complex datasets is a key driver for this adoption. 
The ophthalmic domain, characterized by an abundance of high-resolution imaging and longitudinal patient data, has 
been a focal point for AI applications. Consequently, DL-based algorithms have demonstrated compelling efficacy in 
the objective and automated detection of chronic, age-related ocular conditions, specifically diabetic retinopathy, age-

related macular degeneration, and glaucoma, achieving a level of diagnostic accuracy that approaches or exceeds that 
of trained human clinicians 18.  
 

The strategic implementation of AI represents a significant technological infusion into healthcare, enabling innovative 
methodologies for diagnosing, planning therapeutic interventions, and monitoring patient conditions. A particularly 
high-impact application is the prognostic modeling of disease progression within individual patient cohorts. Leveraging 
sophisticated algorithms, AI can process and synthesize massive, multi-modal datasets—including genomic, proteomic, 
and clinical metadata—to identify complex, non-linear predictive biomarkers often undetectable through conventional 
human-centric analysis. This capability underpins the development of robust predictive models that simulate diverse 
disease trajectories, incorporating a comprehensive spectrum of variables (e.g., chronological age, biological sex, 
behavioral determinants, co-morbidities, and exogenous exposures). The output of these simulations is critical for risk 
stratification and informing pre-emptive clinical strategies 19,20.  
 

2.3 Clinical Impact and Validation Challenges 

Despite an extensive corpus of rigorous studies demonstrating the potential of ML algorithms in medical diagnostics 
and prognostics, clinical integration remains notably limited. Nevertheless, the future impact of AI on healthcare is 
projected to be profoundly positive. AI algorithms are susceptible to a spectrum of intrinsic deficiencies, notably 
domain-specificity (lack of generalizability outside the training environment), systemic bias, and model brittleness 
(vulnerability to minor perturbations). Critical factors demanding methodical attention include managing dataset shift, 
preventing the unintentional capture of confounding variables instead of true disease signal, and avoiding the 
perpetuation of pre-existing biases in clinical decision-making. Developing robust measures of model interpretability 
and confidence estimation is paramount. A major impediment to clinical adoption is the challenge of reliable 
generalizability across diverse populations and clinical settings. Currently, most AI systems fall short of the requisite 
standard for reliable cross-domain generalization, let alone broad clinical applicability across varied medical data types. 
Model brittleness can engender critical decision-making failures in specific "blind spots." Generalization is often 
thwarted by technical heterogeneity across institutions (e.g., variations in imaging equipment, Electronic Health Record 
(EHR) systems, coding ontologies, and laboratory assays) and variability in local clinical protocols and administrative 
policies 21. 
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III. ROLE OF AI IN PHARMACOLOGICAL DISCOVERY FOR CATARACT 

 

Drug discovery is a multi-stage pipeline encompassing target validation, lead identification, and optimization, 
culminating in preclinical and clinical evaluation. The integration of AI facilitates high-fidelity simulations of protein-

ligand interactions and molecular dynamics. By automating autonomous data-driven decision-making, AI enhances the 
precision of de novo design and accelerates the translation of therapeutic candidates into clinical practice 22. 
 

3.1 AI-Enabled Target Identification 

Target identification identifies the molecular substrates required for therapeutic efficacy. Despite the expansion of the 
"omic" landscape, selecting high-confidence targets remains difficult. Current identification strategies include 
experimental, multi-omic, and computational frameworks, where the application of AI to multi-omic data is now 
recognized as a critical driver for discovering novel, actionable therapeutic nodes 23,24. Since the 1960s, target 
identification has relied on three core methodologies: affinity-based biochemistry, comparative profiling, and 
chemical/genetic screening. Small-molecule affinity probes remain the most direct approach, utilizing traceless protein 
labeling to isolate ligand-protein interactions. Conversely, multiomic integration leverages genomic, transcriptomic, 
and metabolic data to map spatiotemporal molecular dynamics. To mitigate the high resource demands of traditional 
wet-lab assays, computational frameworks—including pharmacophore mapping, reverse docking, and structural 
similarity analysis—are now standard for predictive target screening 23. The emergence of high-throughput analytical 
frameworks for big data has facilitated the exploration of novel diagnostic and therapeutic modalities. Central to this 
paradigm shift is the quantification of proteomic perturbations within complex cellular regulatory circuits. The field of 
systems biology posits that biological networks are governed by universal topological principles, providing a robust 
theoretical framework that redefines our conceptualization of disease etiology. Modern computational methodologies 
prioritize the integration of genomic and phenotypic data to reconstruct regulatory architectures. Within network 
pharmacology, this workflow entails the identification of bioactive moieties and disease-associated loci, followed by 
the assembly and topological analysis of protein-protein interaction (PPI) networks to elucidate key signaling pathways 
and validate target-ligand interactions 25. The bioinformatic pipeline involved STRING-based network construction, 
ClusterVis-mediated hub detection, and DGIdb-driven drug-gene mapping. This methodology successfully highlighted 
several high-priority biological pathways, providing a foundation for subsequent mechanistic investigations 26. 
 

3.2 ML in Lead Compound Discovery 

ML algorithms represent a cornerstone of modern drug development, providing the analytical rigor necessary to 
forecast molecular behavior. These methods predominantly Random Forest, Naive Bayes, and Support Vector Machines 
serve as the basis for quantitative structure-activity relationship (QSAR) modeling. RF algorithms are strategically 
employed for feature selection and variance reduction in large-scale datasets 27,28. Conversely, NB methods utilize 
probabilistic supervised learning to manage classification tasks where input correlation is a primary variable. SVMs 
further refine this process by constructing optimal decision boundaries (hyperplanes) that maximize the margin 
between molecular classes, ensuring high-precision ranking and regression within complex chemical libraries 28. Virtual 
screening (VS) represents a cornerstone of contemporary in silico drug discovery, facilitating the high-throughput 
prioritization of expansive chemical libraries for experimental validation. Rather than superseding traditional in vitro or 
in vivo methodologies, VS serves as a strategic filter to enhance lead-optimization efficiency and resource allocation 29. 
Within this framework, Quantitative Structure-Activity Relationship (QSAR) analysis remains a preeminent ligand-

based strategy. Since its inception, QSAR has evolved from modeling small congeneric series via simple regression to 
employing sophisticated ML architectures. These modern iterations enable the processing of high-dimensional 
molecular descriptors across heterogeneous datasets, establishing robust statistical correlations between chemical 
topographies and diverse bioactivity profiles 29,30. The failure of drug candidates during clinical evaluation is largely 
predicated on unfavorable pharmacokinetics and adverse toxicological profiles. Although the quantification of drug-

likeness has become a cornerstone of early-phase discovery, existing predictive frameworks often decouple structural 
topology from pharmacokinetic reality. This oversight is significant, as PK parameters directly modulate the 
bioavailability and metabolic half-life necessary for therapeutic efficacy. Consequently, structural filtration is an 
inadequate proxy for the comprehensive ADME assessment required to mitigate clinical risk 31,32. 
 

3.3 AI-Assisted Molecular Docking and Dynamics 

For over two decades, computer-aided drug design (CADD) has been integral to identifying novel therapeutic leads. 
While traditional molecular docking algorithms primarily utilized a rigid-body approximation to predict the spatial 
orientation and binding affinity of ligands within a receptor’s active site, these models often overlooked protein 



 

IJIRSET © 2026                                                             |10.15680/IJIRSET.2026.1501942|                                                          242 

plasticity 33. To surmount the challenge of conformational flexibility, molecular dynamics (MD) simulations are 
employed. MD provides a thermodynamic framework to evaluate the time-dependent trajectories of macromolecular 
systems at femtosecond resolution, allowing for the refinement of post-docking complexes and a deeper interrogation 
of the energy landscapes governing protein-ligand, protein-protein, and protein-nucleic acid interactions 33,34. Through 
the application of molecular dynamics, we assessed the human ocular lens lipidome to determine the influence of 
chronological age and cataractous conditions on membrane architecture 35. 
 

IV. AI-GUIDED PRECLINICAL AND IN VIVO VALIDATION 

 

Modern therapeutic development is characterized by an integrative pipeline that bridges the gap between digital 
simulations and preclinical validation. High-throughput in vitro methodologies, such as 3D cell-based assays, provide a 
granular analysis of drug-induced immunological perturbations and toxicological markers. These data points are 
essential for optimizing the transition to in vivo murine colitis studies, which remain the gold standard for assessing 
bioavailability and the systemic pharmacologic impact within an intact living organism 36.  By leveraging advanced ML 
algorithms, researchers can synthesize vast arrays of genomic and chemical data to model biochemical perturbations 
without primary reliance on animal proxies. These silico architectures provide a standardized, reproducible 
infrastructure for toxicity prediction, effectively mitigating the inter-operator variability inherent in laboratory settings 
37. While the current technological state-of-the-art utilizes AI as a decision-support tool for weight-of-evidence (WoE) 
assessments, its capacity to simulate human-specific biological responses represents a significant milestone in reducing 
experimental overhead and improving the predictive accuracy of xenobiotic safety profiles 37. Although current AI 
architectures serve as supportive rather than exhaustive replacements for in vivo assays, they significantly augment the 
reduction of animal subjects by refining experimental interpretation and assessment efficiency 36,37. Integrating 
computational intelligence into animal-based research protocols enhances data extraction and optimizes the predictive 
power of preclinical models. Platforms such as MoSeq and SLEAP utilize deep neural networks for high-resolution 
kinematic analysis, with DeepLabCut providing a robust framework for pose estimation across heterogeneous 
environments 38,39. In the domain of predictive toxicology, the DeepTox pipeline standardizes molecular representations 
into discrete chemical descriptors, which serve as inputs for multi-model ensembles. Advancing this field, the HNN-

Tox architecture employs a hybrid strategy merging Convolutional Neural Networks (CNN) with Multilayer Perceptron 
(MLP) feed-forward networks—to quantify chemical hazards across variable dosage gradients 39. 
 

V. INTEGRATION OF AI WITH PERSONALIZED CATARACT THERAPY 

 

Precision medicine represents a paradigm shift toward stratified therapeutics, where clinical interventions are tailored to 
specific patient subpopulations defined by shared genetic susceptibilities or congruent pharmacological responses. 
While the foundational principles of medical individualism date back to the Oslerian era, the field underwent a 
significant catalyst via the 2015 Precision Medicine Initiative 40. Current methodologies rely on the high-dimensional 
integration of multi-omics data (genomic, transcriptomic, proteomic, and microbiomic) alongside environmental and 
social determinants. By leveraging ML architectures to parse biobank-scale datasets—including electronic health 
records (EHRs) and diverse molecular biomarkers—clinicians can move beyond the "one-size-fits-all" model toward 
algorithmic, evidence-based management of distinct biological cohorts 40,41. The integration of AI into personalized 
therapeutic regimens has demonstrated significant potential in augmenting clinical outcomes while concurrently 
mitigating healthcare expenditures. Through the high-fidelity prediction of disease trajectories, AI facilitates the 
customization of interventions, thereby optimizing clinical efficacy and minimizing iatrogenic complications. Within 
ophthalmology, early and precise AI-mediated interventions arrest the progression of pathologies, bypassing the 
requirement for resource-intensive salvage therapies 42,43. Beyond clinical utility, AI-driven precision medicine 
optimizes resource allocation and eliminates redundant interventions. A primary example is the algorithmic 
optimization of anti-VEGF dosing for Age-related Macular Degeneration (AMD), which maintains therapeutic 
thresholds while reducing injection frequency. Furthermore, AI is reshaping ophthalmic surgery via robotic-assisted 
platforms and intelligent instrumentation, which provide real-time haptic and visual feedback to refine surgical 
maneuvers, such as those required in phacoemulsification 42. 
 

VI. REGULATORY, ETHICAL, AND TRANSLATIONAL CHALLENGES 

 

Research into the application of AI for the augmentation of clinical efficacy and patient outcomes has accelerated over 
the past ten years. In particular, AI-centric decision support systems demonstrate high utility in optimizing clinical 
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pipelines, improving diagnostic accuracy, and enabling patient-centric care models. The development of digital 
ecosystems, incorporating wearable sensors and mobile informatics, facilitates the continuous quantification of 
physiological parameters and therapy adherence. In the rehabilitative sphere, AI-integrated social and physical 
assistance systems are utilized to mitigate cognitive and motor morbidity. Although AI significantly optimizes the drug 
discovery pipeline from hit-to-lead identification to trial stratification—translation remains hindered by regulatory 
complexity. The rapid deployment of uncertified AI tools highlights an urgent need for the systematic evaluation of the 
ethical and legal implications governing these technologies to safeguard clinical integrity 44. Within the framework of 
pharmaceutical R&D safety assessment, the interspecies physiological divergence between animal models and human 
biology represents a fundamental barrier that in silico AI simulations cannot currently bypass. This discrepancy stems 
from the algorithmic inability to model the full spectrum of human biological complexity. Furthermore, the integration 
of big data necessitates rigorous mitigation of data-driven bias, which may manifest during acquisition, curation, or 
architectural design, potentially compromising clinical safety and therapeutic efficacy. Historical under-representation 
of specific demographic cohorts such as racial minorities who often comprise less than 10% of clinical trial participants 
results in AI models that lack generalizability, leading to skewed predictive outcomes across race, gender, and age 45. 
Within the context of Al-mediated drug discovery, data integrity and quality assurance are critical parameters for 
achieving validated outcomes. The refinement of Al-based predictive engines is dependent upon the availability of 
accurate, consistent, and exhaustive data. Methodological hurdles include asymmetric data distribution, systemic bias, 
and cross-platform inconsistencies. A central obstacle remains the lack of unified standards for reporting patient 
demographic data. This lack of uniformity obstructs the optimization of clinical trial design, particularly regarding the 
stratification and recruitment of underrepresented populations necessary for equitable therapeutic validation 12. 
 

VII. FUTURE PERSPECTIVES AND EMERGING TRENDS 

 

Current trends in AI development indicate a shift toward real-time, distributed intelligence and high-fidelity generative 
modeling. The integration of Edge Computing minimizes latency in IoT ecosystems, while Deep Reinforcement 
Learning continues to advance the state-of-the-art in autonomous navigation. However, the maturation of these 
technologies is constrained by the 'curse of dimensionality' and the demand for massive datasets. To reach a sustainable 
future, developers must engineer systems that are not only high-performing but also interpretable and computationally 
efficient. Furthermore, the socio-technical implications of these systems—ranging from labor market volatility to data 
ethics mandate a rigorous commitment to inclusive development 46. Clinical trial efficacy is often undermined by poor 
recruitment and monitoring; AI-driven enrichment resolves this by identifying optimal participants through the 
synthesis of medical histories and laboratory biomarkers. In ophthalmological research, such as AMD or diabetic 
retinopathy, AI-supported decentralized models overcome the mobility hurdles faced by elderly cohorts. Real-time, 
cross-center collaboration is achieved via federated learning, ensuring a holistic view of patient data. Adaptive trial 
designs further refine the process by dynamically pivoting based on interim therapeutic performance. By automating 
administrative tasks and adverse event monitoring, AI enhances trial rigor. Central to this evolution is the Digital Twin, 
a sophisticated virtual model of the patient’s biological state, integrating imaging and molecular markers to predict 
individual responses to intervention 47. 
  VIII. CONCLUSIONS 

 

AI has emerged as a transformative force in ophthalmic research, bridging the gap between diagnostic innovation and 
pharmacological discovery. While cataract remains the leading cause of reversible blindness worldwide, current 
management is dominated by surgical intervention, underscoring the unmet need for effective disease-modifying 
therapies. AI-driven methodologies—including multi-omics integration, ML–based lead identification, molecular 
docking, and digital twin simulations offer unprecedented opportunities to accelerate drug discovery pipelines and 
enhance mechanistic understanding of lens pathology.  
 

Despite significant progress in AI-enabled diagnostics and predictive modeling, translation into pharmacological 
innovation remains limited. Strategic adoption of advanced frameworks such as causal inference, physics-informed 
neural networks, and explainable AI could enable robust target validation and regulatory acceptance. Ultimately, the 
integration of computational intelligence with experimental and clinical validation holds the potential to shift cataract 
management from surgical dependence toward preventive and personalized pharmacological therapies. This paradigm 
shift would not only reduce the global burden of blindness but also establish a new frontier in precision ophthalmology. 
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