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Editorial
Slow acting medications for progressive and painful knee osteoarthritis. How do we assess the
benefit to risk of these potentially novel therapies?
Osteoarthritis (OA) is a common disease, affecting nearly 25 million
individuals in the U.S in 2019, with nearly half of this burden being from
knee osteoarthritis (OA). Often, womenmore often than men are affected
and the direct costs of OA amount to 1–2.5% of Gross National Product in
established market economies such as the US, UK, Canada, and Australia
[1–3]. In 2013 in the US, OA was the second most costly medical con-
dition treated in hospitals, accounting for 4.3 % ($18.4 billion) of all
hospitalization costs [4]. The treatment of the disease can be challenging
for both the patient and the health care provider. A patient with a painful
joint, e.g. knee, may appear at the physician's office for emergent knee
pain while walking on flat surfaces or going up and down stairs. The knee
pain may initially be intermittent and easily improved with rest and
simple analgesic or anti-inflammatory medications. Conservative mea-
sures, such as weight loss and exercise are effective at this stage but are
difficult for patients to maintain. Over years, depending on the age of the
patient and predisposing risk factors, the disease will progress slowly but
inevitably causing more pain, stiffness and, eventually severely limiting
mobility. Intermittent nonsteroidal anti-inflammatory drugs (NSAIDs),
cyclooxygenase-2 (COX-2) selective inhibitors, and intra-articular (IA)
glucocorticoids or hyaluronic acid derivatives, can be helpful for short
periods of time to reduce pain [5,6]. Due to lack of effective therapies,
even unproven treatments such as IA stem cells and platelet-rich plasma
are employed as part of this unsatisfactory cycle of drugs bridging pa-
tients towards the ultimate recommendation of a total joint replacement.
Of note, many of the drugs used in this current paradigm of OA man-
agement also come with significant safety risks. As examples, prescrip-
tion acetaminophen, NSAIDs and COX-2 inhibitors all carry Food and
Drug Administration (FDA) Box warnings and prolonged IA glucocorti-
coid use has been known to be associated with joint damage [5,6].

Over the past 40 years NSAIDs COX-2 selective agents, IA therapies,
nutraceuticals and topical agents, have been available to treat painful
OA. All these medications are effective and separated from placebo (PBO)
treatments to reduce pain and improve function as reported in random-
ized controlled clinical trials (RCTs).

Many of the NSAID randomized controlled trials (RCTs) adopted a
‘flare’ design, and nearly all approved NSAIDs demonstrate significant
differences from PBO-treated subjects within 4–6 weeks of intervention.
Similar results have also been reported for COX-2 inhibitors, IA gluco-
corticoids (both short and long-acting agents), and some IA hyaluronic
acid compounds [6,7].

The trial designs for both investigator and industry sponsored studies
are traditionally expected to be at least 12 weeks duration to obtain full
efficacy data for treatment of a chronic disease; shorter termed trials are
often used for proof of concept. The problem in demonstrating an OA
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drug's efficacy in RCTs is related to the not unreasonable expectation,
that for a drug to be useful for treating pain, symptom improvement
needs to be achieved early, perhaps within a couple of days of treatment.
At the same time, it is expected that such therapies will also improve
patient function. Newer pipeline drugs which can alter joint structure in
addition to improve symptoms, and hence potentially slow the course of
the disease, need to demonstrate improvements on joint survival. As OA
pathology typically proceeds at a glacial pace, demonstrating improve-
ment in joint survival concurrently with early symptom benefit is an
unlikely outcome for these drugs. Thus, we need to alter the current
paradigm expectations in to allow these slower acting drugs to become
available.

Currently, there are several novel agents in development which we
will refer to as “Slow acting” anti-inflammatory and/or cartilage modu-
lating agents that we will discuss below. For these agents, their analgesic
or anti-inflammatory efficacy may be delayed, and their ability to slow
progression of disease will probably require multiple treatments and
evaluations over two to three years. We will discuss a few of these novel
therapies and raise questions regarding how the FDA might consider in
evaluating their safety and efficacy.

Proinflammatory cytokines (PICs) are central to joint degeneration of
OA, as well as to sensitization of pain neurons that innervate the joint
capsule and other soft tissues [8,9]. Produced by chondrocytes and
synoviocytes (fibroblasts and macrophages), PICs promote the
cartilage-damaging activities of these same chondrocytes and synovio-
cytes. Therefore, inhibition of such PIC molecules may be important
targets for pharmaceutical intervention. Interleukin-1 (IL-1) is known to
be an inflammatory cytokine that can increase the production of metal-
loproteinases that degrade cartilage in OA joints. A natural inhibitor of
IL-1, the IL-1 receptor antagonist (IL1RA), is currently being evaluated as
a gene therapy in which an adeno-associated virus (AAV) vector con-
taining an IL-1RA gene is injected into the knee joint. The goal of the
consequent IL-1RA gene transfection of cells, is to produce IL-RA that
circulates in the joint, and over time may reduce inflammation, pain and
possibly slow progression of the disease. Pre-clinical studies have
demonstrated efficacy [10,11], and two Phase I trials in participants with
knee OA have been completed with no safety signals reported [12]
[Genescense data on file]. Phase 2 studies are planned to determine ef-
ficacy and if there are signals of IL-1RA slowing cartilage loss in knee OA
subjects.

Interleukin-10 (IL-10) is an anti-inflammatory cytokine, that can
potently and broadly suppress proinflammatory cytokine activity. A key
natural counter-regulator of cytokine-mediated inflammation, IL-10 in-
hibits the production and function of key proinflammatory cytokines that
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are active in OA including IL-1β, IL-6 and tumor necrosis factor-α (TNF-
α). Also, IL-10 has been found to be reduced in knee OA synovial fluid. IL-
10 in vitro appears to downregulate pro-inflammatory cytokines by
inhibiting their transcription, translation and post-translational process-
ing as well as promoting upregulation of IL-1RA [13]. In preclinical
studies the administration of IL-10 into inflammatory joints resulted in a
reduction in joint inflammation and improved joint motion [13]. At the
time of this writing, phase 1 and phase2a clinical trials are being con-
ducted to determine if the introduction of an IL-10 plasmid into the knee
joint causes cells to produce IL-10 and potentially reduce pain/improve
function in knee OA subjects [NCT04124042] [14]. Following the study
subjects over time for safety and evaluating imaging, either radiographs
or MRI will determine if this mode of administration of this
anti-inflammatory therapy will prevent progression of the disease.

Lorecivivint (LOR) is an intra-articular agent thought to have anti-
inflammatory and Wnt pathway modulating properties. LOR has a dual
mechanism of action through inhibition of intra-nuclear kinases known
as dual-specificity Tyrosine-phosphorylation regulated kinases (DYRKs),
and CDC2-like kinases (CLKs), that leads to downregulation of pro-
inflammatory and cartilage catabolic pathways. In vitro and in vivo
preclinical studies have demonstrated that compared to controls, LOR
reduced inflammatory cartilage destruction and preserved cartilage in
OA-induced animal models [15]. Over the past 7 years, LOR has been
studied in man as a disease-modifying OA drug (DMOAD) for the treat-
ment of painful knee OA, and the results have been inconsistent. Overall,
the compound has shown nomajor safety signals when injected into knee
joints. An initial phase 2a trial identified a responder population with
unilateral symptomatic knee OA and with comorbid pain excluded. A
large phase 2b trial, (OA-04, NCT03122860) tested this target population
a priori, and found demonstration of LOR efficacy in reducing signs and
symptoms in treated knee OA subjects compared to PBO for two doses
[16–18]. However, two later phase 3 LOR trials (OA-10, NCT04385303;
OA-11, NCT03928184) for treatment of painful knee OA did not show a
difference from the PBO-treated subjects 3 months after study initiation
[19,20]. Of note, the phase 3 trials enrolled subjects with more struc-
turally advanced knee OA than previous trials and were conducted dur-
ing the COVID pandemic – both potentially confounding factors.
Interestingly, a post-hoc analysis of OA-10 did show that subjects with
Kellgren-Lawrence Grade 2 radiographic disease (definite OA but not
severe radiographic disease) did show efficacy compared to the PBO
treated group. This subgroup was radiographically like the trial popula-
tion from the previously successful OA-04 trial (Biosplice data on file). A
phase 3 extension of OA-11 study (OA-07, NCT04520607) continued to
follow up OA-11 completers, who remained blinded and randomized to
their original treatment. Subjects were given an additional two annual
injections and the study subjects that continued to receive LOR, over time
showed reduced knee joint pain, improved function and reduced radio-
graphic joint space width loss compared to the PBO arm [21]. These data
suggest the hypothesis that either reducing the inflammation or pre-
venting cartilage deterioration may not be immediate in this novel
therapy.

Sprifermin is a recombinant human fibroblast growth factor 18
(rhFGF18) which has been shown in preclinical models of OA to stimu-
late chondrocyte proliferation and cartilage matrix growth [22]. Based
on the preclinical findings, a large, randomized PBO-controlled study
phase II study was performed. Sprifermin, administered at a dose of 100
μg 3 weekly injections every 6 months or 12 months for 2 years found
study subjects that had received intra-articular administration of 100 μg
of sprifermin every 6- or 12-months vs placebo had significant
improvement in total femorotibial joint cartilage thickness, compared to
placebo treated subjects. However, there was no significant difference
between sprifermin and placebo in joint pain or function assessed by the
WOMAC [23]. Five-year assessments of the Sprifermin efficacy have also
shown prevention structural progression [24].

In addition to intra-articular therapies, preclinical studies have now
shown that skeletal stem cells can be introduced into the knee joint of
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mice through inducing an injury that transects the cartilage and the
subchondral bone. At the site of the lesion, introduction of anti-VEGF and
BMP2, directed the skeletal stem cells to differentiate into chondrocytes
and heal the cartilage lesions [25]. This regenerative therapy and many
others like it are rapidly advancing toward clinical trials. Clearly, there
will most likely be a delay from the time of the procedure until there are
measurable effects on joint structure, and clinical outcomes. It is also
possible that this treatment to augment joint structure may not change
clinical outcomes. Regulatory agencies will have new challenges with the
assessment of efficacy with these novel treatments.

We have reviewed a few of the new therapies in development for the
treatment of knee OA pain and their potential to slow the progression of
the disease. Their proposed mechanisms of action include either intro-
duction of a gene into joint tissues generating a molecule which reduces
inflammation (Il-1RA, Il-10), or causing reduction of cartilage deterio-
ration (LOR), or causing augmentation of cartilage matrix formation
(sprifermin). Most of these therapies do not appear to work rapidly such
that symptoms of knee pain would differ from PBO before 12 weeks. For
structural changes, such as measuring an increase, or a reduced rate of
loss in cartilage thickness by radiographic or MRI quantification could
take up to 2 years to quantify, or to translate into reduced knee pain.

Given the challenges of assessing the efficacy of these novel therapies
in development for knee OA, other study designs could be considered.
Studies of longer duration to assess potential structure modifying ther-
apies for knee OA will be significantly more expensive to perform. In
addition, it would be difficult to maintain study subjects on PBO medi-
cation for several years given the anticipated long duration of RCTs
which would explore structure modification as a goal, there would be
need for use of background therapies to modify the pain signal, which in
turn could confound interpretation of pain efficacy. Another ethical
consideration is potential condemnation of the PBO arm towards OA
disease progression. The study drug would be added to one armwith dose
posology understood. The comparator arm would not receive study drug
and thus would be the PBO control arm. All patients should receive the
same dose of background therapy.

However, there may be a missed opportunity to take advantage of re-
sources that can reduce the cost of these longer duration knee OA studies.
The Osteoarthritis Initiative recruited 4796 participants, and the inclusion
criteria included men or Women ages 45–79 years, with or without
symptomatic knee OA, of all ethnic minorities with a focus on Afro-
Americans [26]. The study participants were divided into three cohorts:
1) Progression cohort: that included symptomatic tibial-femoral knee OA
(n¼ 1389–29 %), presence of both osteophytes and frequent symptoms in
1 or both knees (Definite Tibial - Femoral osteophyte (OARSI atlas grade
1–3) at baseline (clinic interpretation and Symptoms: Pain, aching or
stiffness on most days of a month in past year); 2) an incidence cohort: no
symptomatic tibial-femoral OA in either knee (n ¼ 3285–68 %), at
increased risk for symptomatic OA in 1 or both knees: Frequent knee
symptoms without x-ray OA, could have osteophytes in one or both knees,
but not osteophytes and frequent symptoms in the same knee, with two or
more other eligibility risk factors and 3) A control cohort that had no
symptoms and no radiographic tibial-femoral or patello-femoral OA in
either knee, or no risk factors (n ¼ 122–3 %)]. These study subjects ob-
tained xrays and MRIs of their knees at baseline, 12 m, 24 m, 36 m, 48 m,
72 m, 96 m of the study. These datasets are available to the public and
provide validated data on quantitative and semi-quantitative cartilage
changes over a 96-month period in knee OA subjects with symptoms.
Utilization of these data could allow for companies to recruit knee OA
subjects that are equivalent to the OAI population with symptomatic knee
OA and use the OAI group as a control or PBO treated group. This concept
could reduce the cost of the longer-term clinical trials. Another important
aspect of the OAI cohort is that the study subjects were allowed to have the
standard of care for the knee pain during the trial, which would also
equipoise long-term clinical trial intervention.

Another factor to consider is if the current endpoints are adequate for
determining if an experimental agent for OA affects pain and function.
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How can a reduction in pain at a single timepoint be valid for a DMOAD
which takes years to act? We might need to consider outcomes with
cumulative integration of benefit over a certain timeframe such as long-
term pain dairies, daily or weekly texts to get information via cell phone
technology or incorporate wearable technology rather than rely on pa-
tient reported outcomes.

So, a newpathway for the potential approval of these slowacting agents
is needed for OA. OA is a slowly progressive disease, and for the most part
signs and symptoms of the disease that include knee pain and reduced
function can be treated with NSAIDs, glucocorticoid injections or topical
NSAIDs. To date, we have no approved therapies for OA that may over time
prevent cartilage destruction or increase cartilage thickness, studies that
evaluate structure modification will take several years to complete.

We need to think about how best to evaluate the safety and efficacy of
these new potentially slow acting agents as they are presented to the reg-
ulatory agencies. It is a new day, and early days for these new slow acting
agents that may slow the progression of the slow-moving osteoarthritis.
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