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ARTICLE INFO ABSTRACT
Keywords: Objective: Osteoarthritis (OA) is heterogeneous disease, for which drug development has proven to be challenging,
Osteoarthritis both facilitated and hampered by changing guidelines. This is evident by the current lack of approved treatments,

Drug development

Clinseal trial which improve joint function and delay joint failure. There is a need to bring together key stakeholders to discuss,
inical tria

align and enhance the processes for OA drug development to benefit patients.

Design: To facilitate drug development, the Osteoarthritis Research Society International (OARSI) initiated a series
of annual clinical trials symposia (CTS). The aim of these symposia was to bring together academics, translational
and clinical scientists, regulators, drug developers, and patient advocacy groups to share, refine and enhance the
drug development process for the benefit of patients.

Results: OARSI is now considered the leading organization to facilitate open dialogue between all these stake-
holders, in the intersection of understanding of the pathologies and drug development. Clearly, such a pivotal task
needs an annual forum to allow stakeholders to share and discuss information, as possible solutions are joint
efforts rather than a single stakeholder contribution.

Conclusions: The main topic of the 2021 CTS was how to improve clinical studies to help patients through
overcoming barriers to development of new disease modifying treatments for OA. One key aspect was the focus on
definitions of disease activity, status and the definitions of “illness vs disease”. There is a clear medical need to
couple a given disease activity with the optimal intervention for the right patient.

To develop effective disease modifying osteoarthritis (OA) drugs biomarkers that reflect disease activity are more appropriate than disease
(DMOADs) and monitor treatment effects for the benefit of patients, we status markers for such trials. To do this, we need to understand OA from
need better designed and executed clinical studies, starting from phase II the perspective of the “disease vs illness paradigm” [1,2]. Illness repre-
clinical trials that are more mechanism based, objective, easily quanti- sents symptoms of pain and dysfunction the patient presents with at the
fiable, and with higher precision and accuracy. In our opinion, doctor's office, and disease is the underlying pathological driver causing
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the illness/pain. Recently, mechanistic pain biomarkers have shown
correlation with drug effects in OA [3] and outcome after joint replace-
ment [4], suggesting that structural and molecular drivers of pain, rather
that the symptoms of pain itself, better reflect the cause of disease and
disease progression.

Today, radiographs are the generally accepted measure of disease
status in clinical practice, and accepted as inclusion criteria in trials, but
not as a clinical endpoints or surrogate endpoint in pivotal randomized
clinical trials; in general, joint images, whether radiographic or magnetic
resonance images, reflect the consequences of disease activity. These
seem logical as study outcomes if we want to stabilize or even reverse
disease status by pharmacological interventions. However, the sensitivity
of the most widely used imaging tools, such as conventional radiography,
is relatively poor to detect minor changes in disease status; MRI is more
sensitive [5], but we still need to link smaller cartilage changes to
changes in outcome. Furthermore, there are limited tools available to
measure the level of disease activity — the underlining pathologies
leading to the illness, e.g., pain and inflammation, which result in the
decline of joint function. These are needed to identify who to treat, when
to treat, what to treat with, and whether the treatments are working.

The distinction between disease status and activity is critical as
demonstrated by experience in the osteoporosis field. In the osteoporosis
field, Bone Mineral Density (BMD) provides a biomarker of disease status
reflecting the current amount of bone. In contrast, biochemical markers
of bone formation (e.g., osteocalcin, PINP), and bone degradation (e.g.,
CTX-I, NTX-I), reflecting bone cell activity, hence disease activity, pro-
vide indications of the underlying pathology preceding changes in dis-
ease status. Both BMD and soluble biochemical biomarkers
independently predict fracture [6], albeit only one of these (biochemical
biomarkers) is an activity measure. In fact, all bone treatments change
the bone biochemical biomarkers prior to an effect on BMD, and only
treatments that affect the bone biomarkers have been shown to have an
effect on BMD [7], and eventually fractures. These concepts are illus-
trated in Fig. 1. In direct concordance, in the FNIH OA study, the AUC of
disease activity biomarkers reflecting either more degradation or less
formation of cartilage, were predictive of cartilage loss [8].

Our main concern is the underappreciated issue that disease activity
in OA may take many forms, although all forms lead to symptomatic
disease and joint failure [10,12,13]. A specific treatment targeted to a
specific disease activity may be efficacious only for that disease activity.
If we hope to be treating the underlying disease drivers leading to

v Disease Status
L
2 JEUTRT PR
] PETTLL
(%]
© «
o | —_————— — —_—————
£ K
=} H liness Threshold
i 5
= R :
=
5 X
5 K
< o
Total Disease Activity
Time

Osteoarthritis and Cartilage Open 4 (2022) 100262

changes in structure as measured on imaging, and development of pain
and dysfunction, we should be targeting disease activity rather than
changes in imaging parameters/readouts. Of note, in some aspects dis-
ease activity may be monitored by these tools for better and more sen-
sitive detection of pharmacodynamic changes.

We wish to highlight three issues that warrant further consideration:

1. Pain is an indicator of illness, not disease status. Generally, there
is only a weak association between pain and disease status, as pain
system undergoes plastic changes in association with pain intensity
and duration [14]. Unfortunately, pain perception and causes are
highly heterogeneous and can be confounded by pain from other
non-OA etiologies. To develop and approve a DMOAD we need to
better understand the disease. Notably, a reduction of total joint
replacement (TJR) numbers/rates alone does not constitute a
DMOAD. Consider for example the possibility that a strong pain re-
liever (an ‘illness modifier’) could postpone TJR, although the drug
mode of action may not be on the critical path of disease pathogenesis
and, not a ‘disease activity modifier’, consequently resulting in more
TJRs with overall less pain [15-17] in the overall population, as seen
with the nerve growth factor inhibitor programs. True DMOADS
should have mechanisms of action (MOA) on the critical path as
described by the FDA in the 2018 revised draft guidelines for drug
development of OA [18] and therefore be disease activity modifying
OA drugs (DAMOAD:s), also with symptom/illness modifying effects.
To refine treatments for pain modification alone, which is a right on
its own, ICD11 codes are now available for primary and secondary
pain. Similarly, mechanism-based pain stratification of OA patients
have been suggested as a way to ensure that the right patients are
recruited for a specific trial [19] from among patients with painful
knee OA [20].

2. Disease activity versus disease status and targeting of the patient
population. Some soluble biomarkers tell us about the disease pro-
cesses, tissue formation and tissue degradation. As there are
numerous tissues involved, as well as catabolic and anabolic pro-
cesses, we anticipate that combinatorial soluble biomarkers will
likely be the most robust indicators of the disease activity in the joint
organ. Consequently, treatments should be directed to the elevated
level and type of disease activity, i.e. targeting bone, cartilage, ten-
dons, muscle, synovium or another pivotal driver. Only patients with
levels of the target disease activity biomarkers, indicating the specific

Activity/Disease stage

Time

Fig. 1. Schematic illustration of disease activity versus disease status. A: Total disease activity may be independent of disease status. OA in particular has been
demonstrated to have a dis-concordance between disease activity and status with long periods of inertia followed by fast progression [9]. We begin to appreciate that
OA has multiple drivers of disease, most likely at different stages of disease [10,11], as illustrated in Fig. 1. The actual total disease activity may be divided into
different types of disease activity at different stages of the disease trajectory. The total disease activity drives the pathology past the illness threshold, resulting in
considerable pain and loss of function leading the individual to see a doctor, and likely yielding the diagnosis of a symptomatic OA patient. However, if we target a
treatment to the disease activity driver A with a potential treatment that may work against disease driver B, there may be no benefit to the patient. This, treating the
symptoms, i.e. the illness (pain), may not correct the underlying diseases. This may in part explain some of the discordance between structure and symptoms in OA.
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driver of disease, should be targeted and expected to experience a
beneficial effect by that treatment.

3. One size does not fit all MOA development and outcome paths
[21]. All MOA may not provide the same relation between joint
structure protection and pain relief. Whereas some interventions may
yield concordant outcomes on pain and structure, others may be
discordant. For example, a pro-anabolic, i.e., a driver of cartilage
formation, may not reduce the main drivers of pain and synovitis. The
FDA and EMA are unlikely to approve DMOAD:s that affect disease
activity but do not reduce pain. Rather, it may increase pain by
supplying more “fuel” for the damage associated molecular patterns
(DAMP) ‘fire’. As the growth factor, FGF-18, induces cartilage for-
mation, at the same time causes increased proteoglycan turnover.
This proteoglycan turnover is driven by ADAMTS activity, resulting in
the release of the aggrecanase cleaved fragment of aggrecan, known
as the ARGS epitope; such released epitopes have been shown to be
DAMPs [22], and to drive toll like receptor (TLR) activation and
thereby eventually also pain [23]. In caution, while a given treatment
may be targeted to a given specific endotype [24], such as a high bone
resorption endotype, a MOA exclusively targeting bone may not
suffice for both pain and structure, leafing to better outcomes. In
further alignment, different endotypes described by selected impor-
tant biomarkers, may be used to identify more treatable endotyoes
[24].

Are we setting ourselves up for further catastrophic failures with the
current approaches and outcome measures? If pain and structure are not
concordant, then the only solution for MOA on the joint critical path may
be outcome studies? We suggest that pain relief may not be the optimal
solution for patients, unless that pain modification is concurrent with a
modulation of the underlying disease activity. This may suggest new
types of outcome studies, i.e. disease activity-based outcome studies.
These outcome trials may be enriched for the right disease activity to
match the tested pharmaceutical agent and MOA. This may be a refine-
ment, but is in direct alignment with the recent FDA communication on
enrichment strategies for outcome studies in OA [25], which was pre-
sented by key authors at the CTS. Upon reflection, as Illness represents
symptoms of pain and dysfunction with which the patient presents to the
doctor's office” — disease activity status and illness are therefore inex-
tricably entwined, regardless of potential discordance of the temporal
relationship between them. This suggests that illness must be part of the
suite of outcomes tested in a clinical trial. Therefore, this may be an
argument for a conditional approval type pathway for a drug and needs
to be explored further.

Is this an un-circumventable hindrance for drug development in the
OA field, both for phase III study design and investments? We believe not.
We believe it is possible to draw inspiration from the osteoporosis field
[71, which has event rates for fractures comparable to TJRs in OA (below
1%/year). Several drugs for osteoporosis have been approved in
reasonably sized studies; Abaloparatide [26] is an example of a recently
approved osteoporosis drug based on a phase III study of 2500 patients
followed for 18 months. Osteoporosis phase III studies are enriched by
the FRAX [27] algorithm, and refined disease activity parameters, which
predict fractures. BMD has been accepted/validated as a surrogate
marker in OP that is predictive of outcomes; unfortunately, we do not
have a comparable scenario in OA yet. This intermediary step may need
to be crossed before we can have successful DMOAD phase III trials.
Possibly, it is time that we enrich OA studies for the optimal disease
activity parameters that fit the MOA of the intervention in order to
generate the needed positive phase III clinical studies in OA for the
benefit of patients. This philosophy is in alignment with the recent
conclusions from the FDA guidance entitled, “Concept endpoints
informing design considerations for confirmatory clinical trials in OA”
[25].

Osteoarthritis and Cartilage Open 4 (2022) 100262
Declaration of competing interest
The authors declared no conflicts of interest.
Acknowledgements

Center for Neuroplasticity and Pain (CNAP) is supported by the
Danish National Research Foundation (DNRF121).

References

[1] N.E. Lane, K. Brandt, G. Hawker, et al., OARSI-FDA initiative: defining the disease
state of osteoarthritis, Osteoarthritis Cartilage 19 (5) (2011) 478-482, https://
doi.org/10.1016/j.joca.2010.09.013.

[2] Kraus VB, Blanco FJ, Englund M, Karsdal MA, Lohmander LS. Call for standardized
definitions of osteoarthritis and risk stratification for clinical trials and clinical use.
Osteoarthritis Cartilage. 23(8):1233-1241.

[3] K.K. Petersen, A.E. Olesen, O. Simonsen, L. Arendt-Nielsen, Mechanistic pain
profiling as a tool to predict the efficacy of 3-week nonsteroidal anti-inflammatory
drugs plus paracetamol in patients with painful knee osteoarthritis, Pain 160 (2)
(2019) 486-492, https://doi.org/10.1097/j.pain.0000000000001427.

[4] K.K. Petersen, L. Arendt-Nielsen, O. Simonsen, O. Wilder-Smith, M.B. Laursen,
Presurgical assessment of temporal summation of pain predicts the development of
chronic postoperative pain 12 months after total knee replacement, Pain 156 (1)
(2015) 55-61, https://doi.org/10.1016/j.pain.0000000000000022.

[5] M.C. Hochberg, A. Guermazi, H. Guehring, et al., Effect of intra-articular sprifermin
vs placebo on femorotibial joint cartilage thickness in patients with osteoarthritis:
the FORWARD randomized clinical trial, JAMA 322 (14) (2019) 1360-1370,
https://doi.org/10.1001/jama.2019.14735.

[6] P. Garnero, E. Hausherr, M.C. Chapuy, et al., Markers of bone resorption predict hip

fracture in elderly women: the EPIDOS Prospective Study, J. Bone Miner. Res. 11

(10) (1996) 1531-1538, https://doi.org/10.1002/jbmr.5650111021.

Karsdal MA, Henriksen K, Bay-Jensen AC. Biochemical markers in osteoarthritis

with lessons learned from osteoporosis. Clin Exp Rheumatol. 37 Suppl 1(5):73-87.

http://www.ncbi.nlm.nih.gov/pubmed/31621570.

[8] V.B. Kraus, J.E. Collins, D. Hargrove, et al., Predictive validity of biochemical
biomarkers in knee osteoarthritis: data from the FNIH OA Biomarkers Consortium,
Ann. Rheum. Dis. 76 (1) (2017) 186-195, https://doi.org/10.1136/annrheumdis-
2016-209252.

[9] D. Felson, J. Niu, B. Sack, P. Aliabadi, C. McCullough, M.C. Nevitt, Progression of
osteoarthritis as a state of inertia, Ann. Rheum. Dis. 72 (6) (2013) 924-929, https://
doi.org/10.1136/annrheumdis-2012-201575.

[10] M.A. Karsdal, C. Christiansen, C. Ladel, K. Henriksen, V.B. Kraus, Bay-Jensen AC.
Osteoarthritis—a case for personalized health care? Osteoarthritis Cartilage 22 (1)
(2014) 7-16, https://doi.org/10.1016/j.joca.2013.10.018.

[11] V.B. Kraus, F.J. Blanco, M. Englund, M.A. Karsdal, L.S. Lohmander, Call for
standardized definitions of osteoarthritis and risk stratification for clinical trials and
clinical use, Osteoarthritis Cartilage 23 (8) (2015), https://doi.org/10.1016/
j.joca.2015.03.036.

[12] A.C. Bay-Jensen, A.A. Manginelli, M. Karsdal, et al., Low levels of type II collagen
formation (PRO-C2) are associated with response to sprifermin: a pre-defined,
exploratory biomarker analysis from the FORWARD study, Osteoarthritis Cartilage
30 (1) (2022) 92-99, https://doi.org/10.1016/j.joca.2021.10.008.

[13] Y. Luo, J. Samuels, S. Krasnokutsky, et al., A low cartilage formation and repair
endotype predicts radiographic progression of symptomatic knee osteoarthritis,

J. Orthop. Traumatol. 22 (1) (2021), https://doi.org/10.1186/510195-021-00572-
0.

[14] Arendt-Nielsen L. Pain sensitisation in osteoarthritis. Clin Exp Rheumatol. 35 Suppl
1(5):68-74. http://www.ncbi.nlm.nih.gov/pubmed/28967356.

[15] Schnitzer TJ, Ekman EF, Spierings EL, et al. Efficacy and safety of tanezumab
monotherapy or combined with non-steroidal anti-inflammatory drugs in the
treatment of knee or hip osteoarthritis pain. Ann. Rheum. Dis.. 74(6):1202-1211.

[16] Hochberg MC, Tive LA, Abramson SB, et al. When is osteonecrosis not
osteonecrosis?: adjudication of reported serious adverse joint events in the
tanezumab clinical development program. Arthritis Rheumatol.. 68(2):382-391.

[17] M.A. Karsdal, K.M. Verburg, C.R. West, A.C. Bay-Jensen, D.S. Keller,

R.H.G.P. Arends, Serological biomarker profiles of rapidly progressive osteoarthritis
in tanezumab-treated patients, Osteoarthritis Cartilage 27 (3) (2019), https://
doi.org/10.1016/j.joca.2018.12.001.

[18] FDA. title:Osteoarthritis: Structural Endpoints for the Development of Drugs,
Devices, and Biological Products for Treatment Guidance for Industry.

[19] L. Arendt-Nielsen, L.L. Egsgaard, K.K. Petersen, Evidence for a central mode of
action for etoricoxib (COX-2 inhibitor) in patients with painful knee osteoarthritis,
Pain 157 (8) (2016) 1634-1644, https://doi.org/10.1097/
j-pain.0000000000000562.

[20] L. Arendt-Nielsen, G.-L. Jiang, R. DeGryse, C.C. Turkel, Intra-articular
onabotulinumtoxinA in osteoarthritis knee pain: effect on human mechanistic pain
biomarkers and clinical pain, Scand. J. Rheumatol. 46 (4) (2017) 303-316, https://
doi.org/10.1080/03009742.2016.1203988.

[21] V.B. Kraus, L.S. Simon, J.N. Katz, et al., Proposed study designs for approval based
on a surrogate endpoint and a post-marketing confirmatory study under FDA's
accelerated approval regulations for disease modifying osteoarthritis drugs,

[7


https://doi.org/10.1016/j.joca.2010.09.013
https://doi.org/10.1016/j.joca.2010.09.013
https://doi.org/10.1097/j.pain.0000000000001427
https://doi.org/10.1016/j.pain.0000000000000022
https://doi.org/10.1001/jama.2019.14735
https://doi.org/10.1002/jbmr.5650111021
https://doi.org/10.1136/annrheumdis-2016-209252
https://doi.org/10.1136/annrheumdis-2016-209252
https://doi.org/10.1136/annrheumdis-2012-201575
https://doi.org/10.1136/annrheumdis-2012-201575
https://doi.org/10.1016/j.joca.2013.10.018
https://doi.org/10.1016/j.joca.2015.03.036
https://doi.org/10.1016/j.joca.2015.03.036
https://doi.org/10.1016/j.joca.2021.10.008
https://doi.org/10.1186/s10195-021-00572-0
https://doi.org/10.1186/s10195-021-00572-0
https://doi.org/10.1016/j.joca.2018.12.001
https://doi.org/10.1016/j.joca.2018.12.001
https://doi.org/10.1097/j.pain.0000000000000562
https://doi.org/10.1097/j.pain.0000000000000562
https://doi.org/10.1080/03009742.2016.1203988
https://doi.org/10.1080/03009742.2016.1203988

M.A.

[22]

[23]

[24]

Karsdal et al.

Osteoarthritis Cartilage 27 (4) (2019) 571-579, https://doi.org/10.1016/
j.joca.2018.11.002.

N. Sharma, P. Drobinski, A. Kayed, et al., Inflammation and joint destruction may
be linked to the generation of cartilage metabolites of ADAMTS-5 through
activation of toll-like receptors, Osteoarthritis Cartilage 28 (5) (2020), https://
doi.org/10.1016/j.joca.2019.11.002.

R.E. Miller, S. Ishihara, P.B. Tran, et al., An aggrecan fragment drives osteoarthritis
pain through Toll-like receptor 2, JCI insight 3 (6) (2018), https://doi.org/
10.1172/jci.insight.95704.

F. Angelini, P. Widera, A. Mobasheri, et al., Osteoarthritis endotype discovery via
clustering of biochemical marker data, Ann Rheum Dis. March (2022), https://
doi.org/10.1136/annrheumdis-2021-221763.

[25]

[26]

[27]

Osteoarthritis and Cartilage Open 4 (2022) 100262

Y. Kim, G. Levin, N.P. Nikolov, R. Abugov, R. Rothwell, Concept endpoints
informing design considerations for confirmatory clinical trials in osteoarthritis,
Arthritis Care Res (Hoboken). December (2020), https://doi.org/10.1002/
acr.24549.

B.Z. Leder, C. Zapalowski, M.-Y. Hu, et al., Fracture and bone mineral density
response by baseline risk in patients treated with Abaloparatide followed by
alendronate: results from the phase 3 ACTIVExtend trial, J. Bone Miner. Res. 34
(12) (2019) 2213-2219, https://doi.org/10.1002/jbmr.3848.

Kanis JA, Harvey NC, Johansson H, Odén A, Leslie WD, McCloskey E V. FRAX
update. J. Clin. Densitom.. 20(3):360-367. doi:10.1016/j.jocd.2017.06.022.


https://doi.org/10.1016/j.joca.2018.11.002
https://doi.org/10.1016/j.joca.2018.11.002
https://doi.org/10.1016/j.joca.2019.11.002
https://doi.org/10.1016/j.joca.2019.11.002
https://doi.org/10.1172/jci.insight.95704
https://doi.org/10.1172/jci.insight.95704
https://doi.org/10.1136/annrheumdis-2021-221763
https://doi.org/10.1136/annrheumdis-2021-221763
https://doi.org/10.1002/acr.24549
https://doi.org/10.1002/acr.24549
https://doi.org/10.1002/jbmr.3848

	Reflections from the 2021 OARSI clinical trial symposium: Considerations for understanding biomarker assessments in osteoar ...
	Declaration of competing interest
	Acknowledgements
	References


