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Abstract
Osteoarthritis (OA) is the most common form of arthritis that has a major impact on patient morbidity and health care services. Despite its prevalence and impact, we do not have any effective management strategy to prevent or control their manifestations. Several decades of pharmacological development have failed to deliver a disease-modifying solution to OA. This editorial article outlines the lacunae in the research efforts of the past, the challenges that we are facing at present, and the exciting opportunities we have in the future for the management of OA. OA research has to be made more personalized concerning the phenotypic and endotypic disease variants. To begin with, robust disease classification criteria need to be defined for early OA, and biomarkers to detect such early diseases to aid in patient stratification. We also need to refine our clinical research design to make them more objective to meet the demands of the patient and the regulatory agencies. Embracing the current technologies such as artificial intelligence along with the use of genomic profiling from the omics platforms, the future of OA is more promising in developing appropriate management of OA.
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Core Tip: We analyzed the current landscape of management of osteoarthritis (OA) and identified the challenges we are facing to develop an effective management strategy for OA at present and commented on the exciting opportunities available in the future. We also detailed the patient stratification based on the phonotypic and endotypic disease variants. We suggest that by embracing the current technologies such as artificial intelligence, and genomic profiling of patients, personalized management of OA is amenable with predictable results tailored for individual patient needs.

INTRODUCTION
Osteoarthritis (OA) remains the most common form of arthritis causing a huge burden on the health care system[1]. The prevalence of the disease keeps on increasing due to the aging population compounded by the increasing obesity epidemic. But we do not find comparable progress in disease control and its management options[2]. Over the past 3 decades, all the pharmacological ventures to develop a disease-modifying OA drug (DMOADS) have resulted in disappointing results making OA a “graveyard of drug development”[3]. Any drug that is being developed for OA cannot impact the structure of the joint as seen by radiographs and this has been the key reason for failure in the past decades of drug development for OA[4]. The clear expectations of the regulatory agencies such as the United States Food and Drug Administration for any DMOADs involve establishing the impact of the drugs on the subjective patient feeling, improvement in their function, and prolonged joint survival following the treatment[5].

OA PHENOTYPES
OA is now being understood as a multifaceted heterogeneous disease with multiple causative factors, clinical phenotypes, and molecular endotypes[6]. The clinical phenotypes in OA refer to the cluster of visible properties such as associated mechanical deformities that individualize the disease expression in a certain group of patients[7]. Similarly, a comprehensive set of such visible parameters including age, sex, race, disease duration, symptoms, and radiological features such as joint space narrowing, osteophytes, and subchondral sclerosis needs to be utilized to characterize the patient's response to the treatment outcomes. The various phenotypes proposed for OA include chronic pain phenotype, inflammatory phenotype, metabolic syndrome phenotype, mechanical overload phenotype, minimal joint disease phenotype, senescent phenotype, endocrine phenotype, and sarcopenic phenotype as shown in Figure 1[6,8,9]. Prospective studies are needed to validate the efficacy of these phenotypic subtype-based management methods to surpass or prevent symptoms at an early stage before progressive and irreversible changes occur[10].

OA ENDOTYPES
While the clinical phenotypes describe the presenting features of the OA individual, endotypes refer to the compilation of disease mechanisms that explains the disease expression in the group of patients. In OA, the disease expression is mostly based on a few typical endotypes such as inflammatory endotype, metabolic syndrome endotype, senescent endotype, endocrine endotype, and senescent endotype with characteristic biomarkers in serum and synovial fluid of the joint[6]. The biomarkers used in defining a characteristic endotype involve cartilage matrix destruction markers, proteases, subchondral bone matrix destruction markers, signaling markers, synovial inflammatory markers, and systemic inflammatory markers[11,12]. Hence a typical OA endotype may present as various OA phenotypes and on the contrary, every OA phenotype may have an overlap with various OA endotypes as illustrated in Figure 1 before presenting as an end-stage disease. Angelini et al[11] in their endotypic stratification based on clustering of biochemical marker data was proved to potentially drive the stratification of the clinical studies and contribute to precision medicine strategies for OA progression in the future.

CURRENT CHALLENGES
Having identified OA to be a multifactorial, heterogenous, multi-dimensional complex disease, the challenges before us to develop DMOADs include the introduction of the OA phenotypes and endotypes into clinical study designs to test the efficacy of biomarkers and newly developed DMOADs. Although we have various newer ortho-rheumatological tools to grade joint degeneration[13], we do not have a defined early disease identification and categorization tool to embark on the enrolment of patients in clinical studies. We do not have the necessary genetic and polyomic tools to stratify patients into therapeutic subgroups to test their efficacy. However, by harmonizing the data collection from the clinical studies in OA, true stratification of the patients by clinical data from all the interventional and observational studies provides the future to predict the response to treatment[14]. Current research has identified various key biomarkers such as oncostatin M, a cytokine from the interleukin-6 family, and metabolite of C-reactive protein was identified as candidate biomarkers to stratify the patients of inflammatory subtype[12]. However, the list is not sufficient to comprehensively enlist all the OA subtypes into their appropriate phenotypic and endotypic subclassification to tailor their clinical management algorithms.

FUTURE RESEARCH PERSPECTIVES
Before the development of therapeutic DMOADs, measures to develop a robust early classification criterion for OA need to be established. The other main focus of future research in OA involves identifying the key biomarkers that would enable the categorization of OA patients into individual subtypes for optimal management. This involves studying the disease at a molecular level in the early stages without evident radiographic changes which enables us to distinguish between the molecular endotypes and corresponding phenotypes before all the phenotypes coalesce into a final common presentation as classical end-stage OA as shown in Figure 1.
Further, research on the key biomarkers that differentiate between the different subgroups of OA needs to be identified. The current platforms (e.g., omics techniques) help in the assessment of a panel of markers to find their relationship with a particular phenotype rather than just a few markers tested in the conventional methods. The ideal substrate suitable for such categorization might be the local biochemical markers (e.g., synovial fluid) that better distinguishes the molecular endotypes free from the systemic sources with noise such as comorbidities. With the identified phenotypic and endotypic markers in OA, we can identify the potential theratypes in OA where predicted treatment responses could be contemplated based on their endotypic categorization. 

CONCLUSION
Tailoring an effective early management strategy for OA involves the development of early disease identification methods, and disease stratification algorithms based on the distinctive phenotypic and endotypic expression in the individuals using their molecular signature patterns. The future of OA management is focussed more on prevention and early identification of disease process rather than redemption of the joint from an end-stage disease. 
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Figure Legends
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Figure 1 Illustration of the interplay between the various endotypes and phenotypes proposed in osteoarthritis.
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