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Abstract

Introduction:

The existing treatment options for osteoarthritis (OA) fall short of addressing the
significant challenges this disease imposes on patients in today's society. It markedly
diminishes the quality of life of those affected and is one of the leading causes of
disability. While conventional pharmacological interventions such as non-steroidal anti-
inflammatory drugs (NSAIDs) and opioids effectively address pain, they are not
intended to halt disease progression and are associated with potential health risks.
Symptomatic Slow-Acting Drugs for Osteoarthritis (SYSADOA) and innovative
medications, rooted in our expanding understanding of OA pathogenesis, offer
promising prospects for discovering improved treatment modalities.

State of knowledge:

The evolving understanding of OA's etiology highlights the necessity for tailored
treatments that consider distinct disease phenotypes. This review critically examines
SYSADOA, specifically focusing on chondroitin sulfate, glucosamine, and avocado-
soybean unsaponifiables, as agents designed to address the underlying pathology of OA.
Chondroitin sulfate demonstrates potential disease-modifying effects, however with
conflicting study results that underscore the extent of its efficacy. Glucosamine exhibits
varying disease-modifying effects, with short-term trials demonstrating more promising
outcomes in pain reduction. Avocado-soybean unsaponifiables show promise in
alleviating knee OA pain, yet their impact on hip OA symptoms remains inconclusive.
The review extends its scope to novel drugs with potential disease-modifying effects,
exploring proteinase inhibitors, fibroblast growth factors, Wnt-signaling pathway
inhibitors, senolytic agents, anti-nerve growth factor agents, and transforming growth
factor-f3.

Conclusions:

Although preliminary studies indicate potential for certain novel agents, challenges and

adverse effects necessitate further investigation through rigorous, high-quality research.

Keywords: Senotherapeutics; Osteoarthritis; Anti-Inflammatory Agents, Non-Steroidal;
Glucosamine; Chondroitin Sulfates; Matrix Metalloproteinase Inhibitors;
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Introduction

Osteoarthritis (OA), affecting over 500 million people globally, has become a major cause of
disability. This trend is likely associated with the increasing prevalence of obesity and aging
populations worldwide [1]. Chronic pain linked to osteoarthritis has wide-ranging socio-
economic consequences, contributing to issues such as depression [2], treatment expenditures,
and disability [3], also negatively affecting the quality of life in the aspects of vitality,
general health, emotional role function, and social function [4]. This disease has been the
third most common cause of disability-adjusted life years in females, right after unipolar
major depression and ischemic heart disease [3]. Despite its profound impact, patients often
feel their concerns are overlooked, while practitioners tend to view joint replacement surgery
as the only solution [5]. The most common pharmacological treatment of OA includes non-
steroidal anti-inflammatory drugs (NSAIDs) and opioids, which both have been proven to be
effective in pain management, yet most probably do not slow the progression of the disease
and may lead to serious health issues.

Recognizing the challenges this disease imposes on patients and considering the
shortcomings of existing treatments, it's crucial to recognize the demand for new, effective
treatments with improved safety profiles. This review will focus on these novel drugs and
closely examine the safety and efficacy of Symptomatic Slow-Acting Drugs for Osteoarthritis
(SYSADOA).

The evolving view of the etiology of osteoarthritis

The etiopathogenesis of osteoarthritis is complex and involves multiple factors such as
obesity, joint injury, genetics, and aging [6]. The understanding of this condition has
progressed beyond a strictly mechanical perspective, now encompassing biomechanical,
immunological, and genetic considerations [7]. It is believed that various pro-inflammatory
signals, such as tissue necrosis factor-o, interferon-y, interleukin-1, interleukin-5, and
many more, initiate a molecular cascade that facilitates interaction between cells in the joint,
resulting in a feed-forward loop that contributes to ongoing joint degradation [7]. The

triggered inflammatory response impacts all components of the joint, resulting in the
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deterioration of cartilage, the formation of osteophytes, and the development of subchondral
sclerosis and synovial hyperplasia [6]. Depending on the main location of structural and
molecular changes, researchers have distinguished three main phenotypes of OA: cartilage-
driven, synovial-driven, and bone-driven [8]. In the realm of drug development, it is rational

to assume that tailored treatments are required for individual phenotypes. [9]

Challenges associated with NSAIDs and opioid treatments
While NSAIDs have traditionally been deemed the primary option for initial OA-related

chronic pain management, studies have revealed that these medications can lead to severe and
life-threatening side effects, including gastrointestinal bleeding, renal failure, and
cardiovascular diseases [10]. Even though cyclooxygenase-2 (COX-2) selective agents
exhibited fewer side effects, they were associated with a heightened cardiovascular risk.
Substantial evidence emerged linking them to conditions such as heart attack (MI), stroke,
hypertension, exacerbation of chronic heart failure, and cardiovascular death [11].

Both in vitro and in vivo studies, particularly in animal models, analyze the molecular
mechanisms of celecoxib and reveal its chondroprotective qualities, ability to prevent
synovial hyperplasia, and inhibit bone destruction. These findings suggest that celecoxib,
along with other coxibs, could potentially slow down the progression of osteoarthritis in
humans [12]. However, the majority of available data on this topic regarding COX-2-specific
NSAIDs has derived from studies involving celecoxib, and less information is available
regarding the impact of other drugs within this group [13]. Some research has also provided
opposite results, showing that NSAIDs could accelerate OA progression [14,15] This might
occur because patients often engage in more physical activity which causes strain on joints
affected by the disease [15]. Additionally, it is believed that NSAIDs, by blocking many pro-
inflammatory pathways, may encourage the conversion of arachidonic acid to leukotrienes
via the lipooxygenase pathway. The accumulation of various leukotrienes in body tissues
through the lipoxygenase pathway could contribute to the induction of side effects typically
observed in NSAIDs consumption [16]. It has been suggested that blocking both of those

pathways could lead to better treatment results [17].

Slow-Acting Analgesics
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The pain-relieving and disease-modifying properties of SYmptomatic Slow-Acting Drugs for
OsteoArthritis (SYSADOA) have undergone extensive study over the last several decades;
nevertheless, their effectiveness remains a subject of considerable debate. They have been
established as safe therapeutic choices, except avocado-soybean unsaponifiables (ASUs), for
which safety research remains inconclusive due to limited data [18]. It is noteworthy that
EULAR still does not recommend SYSADOA in the treatment of OA except for chondroitin
sulfate in hand OA [19].

Chondproitin sulfate

One of the more renowned and extensively studied SYSADOA is chondroitin sulfate (CS), a
significant constituent of cartilage presumed to exert protective effects; yet research indicates
conflicting results on its efficacy. A systematic review article, covering animal studies
conducted between 2000 and 2021, revealed that certain studies demonstrated the positive
impact of CS when administered in monotherapy. These positive effects were observed on
both cartilage and the expression of biochemical osteoarthritis markers. However, it is
important to highlight that in less than half of the studies analyzed, a negative impact or no
effect was observed [20]. Numerous human clinical trials showed the disease-modifying
potential of this compound. For instance, a double-blind placebo-controlled, two-year study
demonstrated that CS reduced the loss of joint space width [21]. Another study showed no
significant joint loss in the knee in patients receiving CS while the control group showed
significant joint space narrowing of a mean of 0.14 +£0.61 mm after two years [22]. In a
review from 2021, it was demonstrated that highly purified chondroitin sulfate effectively
reduces the symptoms of OA and influences structural changes in the joints. Long-term CS
treatment not only decreased the use of NSAIDs by patients but also mitigated associated side

effects [23].

Glucosamine

Another well-known compound is glucosamine - a naturally occurring substance that plays a
role in the formation and repair of cartilage. Animal studies have shown varying disease-
modifying effects depending on the form of glucosamine. Most of them revealed the positive
effect of glucosamine sulfate on the cartilage and OA biomarkers [20] with one showing a
statistically significant positive effect on the synovial membrane [24]. Glucosamine

hydrochloride, even though it has been more extensively studied in the past 20 years, showed
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more unclear results [20]. In a large placebo-controlled clinical trial from 2008, it was found
that more than twice as many patients from the placebo group underwent total knee
replacement compared to those who had been receiving glucosamine, over an approximately
5-year period following drug discontinuation [25]. In a 2023 systematic review, the efficacy
of glucosamine was examined, uncovering that short-term clinical trials demonstrated more
encouraging pain reduction effects compared to long-term trials [26].

Animal studies investigating the effect of glucosamine-chondroitin combination
therapies rarely showed inconclusively positive effects on the cartilage [20]. In a 2013
analysis of data from the Osteoarthritis Initiative Progression Cohort, it was found that the
combination of chondroitin sulfate (CS) and glucosamine led to a reduction in the loss of
cartilage volume in humans. The assessment, conducted using quantitative magnetic
resonance imaging (QMRI), revealed changes that were not identifiable through X-rays, as
suggested by the authors [27]. Another meta-analysis proved that both compounds had a
statistically significant, yet minimal, effect on both joint structure and symptoms [28].
Conducting more rigorous and high-quality research is necessary to thoroughly assess the

validity of such therapies.

Avocado-soybean unsaponifiables

Avocado-soybean unsaponifiables (ASUs) also known by the commercial name
Piascledine 300, are a natural extract made from avocado and soybean oils, which have been
studied for their potential anti-inflammatory and cartilage-protective effects. A recent meta-
analysis demonstrated that they reduce pain intensity associated with knee OA, but did not
affect hip OA symptoms. Furthermore, there was no significant difference in side effects

compared to placebo [29].

Novel drugs and their potential disease-modifying effect

To date, the primary focus in osteoarthritis treatment has been on symptom reduction
and achieving optimal pain control. Despite scientific studies indicating some positive effects
of current drugs on osteoarthritis progression, the observed impact has usually been minimal.
Termed Disease-Modifying Osteoarthritis Drugs (DMOADs), these pharmaceutical agents
represent a targeted approach poised at fundamentally altering the natural history of
osteoarthritis. Certain potential DMOADs are recognized for their effectiveness against other

diseases but have only recently been explored as potential causal treatments for (OA).
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Table 1. presents several novel drugs alongside their respective target tissue structures in the

joint. Some of them are briefly discussed below in this review.

Table 1. Novel drugs in OA [30]

Drugs targeting inflammation

Drugs targeting cartilage

Drugs targeting bone

primarily in the synovial fluid structure
Fibroblast growth factor
Interleukin-1 inhibitor 18 Cathepsin K inhibitors
Gevokizumab Sprifermin MIV-711
AMGI108 Proteanase inhibitors | Parathyroid hormone
Lutikizumab GLPG1972/S201086 Teriparatide
Matrix extracellular
Anakinra Whnt signaling inhibitors | phosphoglycoprotein
Canakinumab Lorecivinint TPX-100
Transforming growth
Diacerein factor-beta Bisphosphonates

Tumor necrosis factor-alpha

inhibitors TG-C Strontium ranelate
Adalimumab AMPK modulator Vitamin D
Etanercept Metformin
Infliximab Platelet riched plasma
Senolytic therapies Human PRP
UBXO0101
Fisetin

Curcuma longa extract

Proteinase inhibitors

The only cells present in the cartilage are chondrocytes which are surrounded by an
extracellular matrix composed mainly of collagen and aggrecan — the most abundant

proteoglycan which drives water into the cartilage. Proteinases that destroy aggrecan and
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other proteoglycans could have a pivotal role in cartilage damage associated with OA [31].
However, administering the oral drug PG-116800 which inhibits matrix metalloprotease 13
(MMP13) responsible for collagen degradation in cartilage, did not demonstrate any
discernible impact on the progression of knee osteoarthritis in patients after one year of
treatment. Moreover, it frequently caused musculoskeletal adverse effects such as arthralgia
(35%) and led to a higher reduction in range of motion relative to the placebo group [32].
Research on another proteinase known as aggrecanase (specifically ADAMTSS) as a
potential contributor to the progression of osteoarthritis (OA) led to the exploration of
GLPG1972/S201086, a drug acting as an ADAMTSS inhibitor. In a phase I clinical trial, this
drug demonstrated a favorable safety profile and effectively decreased aggrecanase activity
[33]. However, the results from the phase II clinical trial, published in 2023, revealed that

there was no significant reduction in cartilage loss compared to the placebo group [34].

Fibroblast growth factors

Sprimerfin is a recombinant human fibroblast growth factor 18 (thFGF18) aimed at
promoting cartilage growth by increasing the production of collagen and aggrecan. It is
administered intermittently by intra-articular injections every 6-12 months. A phase I study
revealed no systemic adverse effects and a good safety profile [35]. Phase II trials showed
thickening of the cartilage which was dose-dependent and the structural changes to the knee
joint were maintained 4 years after treatment. The subgroup in the trial with a higher risk of
OA progression also exhibited clinical benefits and pain reduction. These structural effects
were not reflected in clinical presentation in other patient subgroups, as no pain-reduction

effect was measured [36].

Whnt-signaling pathway inhibitors

The Wnt signaling pathway, crucial for joint and bone development, presents a
molecular target for novel therapies. Animal models have demonstrated that both inhibiting
and activating the Wnt-B-catenin cascade can induce chronic arthritis [37]. Restoring the
balance of these signaling routes in OA-afflicted joints is essential, potentially positively
impacting joint structure. Lorecivivint, a Wnt-signaling pathway inhibitor administered intra-
articularly, proved to be well-tolerated in a phase I study in 2017 [38]. A 2020 report of the

phase II trial showed no pain management effect of lorecivivint at the 13-week endpoint.
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However, in week 52 subjects from the UNI subgroup (showing moderate to severe,
unilateral symptoms of knee OA) had a decrease in pain severity and an increase in mean
joint space width (JSW) when treated with 0.07 mg of lorecivivint. The effect was even more
pronounced in the UNI WP subgroup defined as having unilateral symptoms without
widespread symptoms [39]. Several phase III studies have been completed or are ongoing;
the preliminary results reveal that the JSW has improved in patients receiving lorecivivint

while the placebo group experienced significant JSW loss [40,41].

Senolytic agents

Aging is considered a prominent factor in the progression of osteoarthritis, possibly
facilitated by the accumulation of senescent cells in the cartilage. This accumulation triggers
the Senescence-Associated Secretory Phenotype (SASP), characterized by the release of pro-
inflammatory particles from these cells. These particles affect neighboring cells, contributing
to the degradation of joint structures and driving inflammation [42]. These findings led
researchers to explore potential senolytic agents that have pro-apoptotic properties leading to
the death of senescent cells. One of them is UBX0101 — a drug that showed a good safety
profile in phase 1 clinical trials [43]. Unfortunately, the efficacy in pain reduction was not
confirmed in phase II trials where the researchers blamed the historically strong placebo
effect on the group not receiving the drug [44]. Another senolytic agent, Navitoclax, already
broadly studied in the treatment of hematological malignancies, has shown promising effects

on cartilage during in vitro and in vivo rat models [45].

Anti-NGF agents

Emerging treatments for osteoarthritis not only focus on potential disease-modifying effects
but also involve researchers exploring new approaches to pain management. Nerve growth
factor (NGF) expression is found in cartilage, meniscus, and synovium, where it binds to
nociceptors and is related to tissue injury and pain [46]. One of the anti-NGF agents studied
in OA is tanezumab, a drug that showed high efficacy in pain management and physical
function. However, clinical trials revealed cases of major adverse effects caused by
tanezumab, such as rapidly progressive OA (RPOA) and osteonecrosis [47]. This has caused
a hold in all anti-NGF programs which was lifted in 2017 with some additional safety
requirements involving the lowering of the drug doses [46]. Phase III trials showed that

among patients with moderate to severe symptoms tanezumab showed a reduction in pain
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compared to the placebo group, but the effect was modest. Moreover, the incidence of RPOA
was 1.4-2.8% and was dose-dependent; it was also shown that more patients receiving the

drug had total joint replacement surgeries [48].

Transforming growth factor-f

Transforming growth factor-p (TGFp) is believed to induce osteogenesis and chondrogenesis.
The dysregulation of TGFP related signaling in aging chondrocytes drives fibrosis,
subchondrial bone changes and osteophyte formation in OA, by increasing pro-catabolic
pathways and decreasing pro-anabolic pathways [49]. Invossa (Tissue Gene-C) is a
bioproduct consisting of a combination of allogeneic human chondrocytes (GP2-293 cells)
and non-irradiated allogeneic human chondrocytes, retrovirally transduced in a 1:3 ratio to
enhance TGF-B1 transcription. In phase I, it did not cause serious adverse effects and was
generally well tolerated [50]. Phase III studies have demonstrated the improvement in pain,
sports activities, and quality of daily life in patients after a 1-year follow-up of administering

a single dose of Invossa [51].

Conclusions

Current conservative treatment modalities for osteoarthritis (OA) predominantly center on
pain management through the utilization of established agents. However, the efficacy of these
agents is inconsistent, and their impact on disease progression remains questionable. Even
SYSADOA, designed to address the fundamental pathology of the disease and serve as a
foundation for joint regeneration, have yielded varying outcomes in numerous placebo-
controlled studies and are conspicuously absent from international guidelines. These widely
available treatments appear to be limited when contrasted with the significant progress made
in understanding the etiopathology of osteoarthritis in recent years. Fortunately, the
developmental landscape includes numerous potential disease-modifying agents targeting
diverse pathogenetic factors implicated in OA. Even though some of them show promising
results in phase II and III trials, more quality, placebo-controlled studies on their long-term
effects should be performed. Pioneering research in the pharmaceutical treatment of OA has
the potential to significantly influence the available therapeutic options for patients and

provide healthcare providers with clear guidelines.
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