Q9. Should we measure pain vs function vs disability in preclinical OA models — to parallel human “OA
illness”?

Authors: Carla R. Scanzello, Kevin Burt, Dan White, Heidi Kloefkorn, Johanna Marie Bolander, Rachel E.
Miller, Kyle Allen, Nick Willett

Response/Recommendation: Yes. Pain, musculoskeletal function, and disability represent distinct but
complementary dimensions of OA disease. As all three dimensions are relevant to patient quality of life and
treatment goals, it is important to measure these outcomes to provide a comprehensive assessment of disease
state and therapeutic efficacy in preclinical models.

Strength: Moderate
Delegate Vote:
Rationale:

OA symptoms: pain and function: Although pain may be the most significant symptom of disease for which
patients seek treatment’, other symptom domains of musculoskeletal function and disability contribute to the
decline in quality of life in symptomatic patients?. For the purposes of this discussion, pain refers to nociceptive
sensory hypersensitivity, musculoskeletal function refers to the capacity to perform physical tasks, and disability
refers to the broader impact of pain and function on daily activity and behavior. While inter-related, these
symptom domains are not equivalent, are commonly measured separately in clinical studies, and current OA
treatment guidelines weight their importance equally®. Pain is a risk factor for functional decline in patients with
OA*, but pain and function have distinct contributions to disability and progression of OA™ ©. Although inter-
related, the impact of pain on musculoskeletal function and disability varies in individual patients due to
differences in pain tolerance and other physical inputs that can influence pain and function distinctly®’. These
factors include musculoskeletal strength® ¢, concomitant depression® and other co-morbidities and psychosocial
factors'™ ' 12 Although controlling for all these factors is beyond the scope of most preclinical animal studies,
the incorporation of outcomes related to pain, function and disability is possible and needs to be
considered.

In animal models, direct pain measures (nociceptive tests), functional measures (such as rearing or climbing
behavior, grip strength), and other behaviors measuring global disability (gait and mobility metrics, exploratory
behavior) assess fundamentally different biological processes. However, musculoskeletal function measured by
behavioral tests may be related to underlying pain, and distinguishing between these categories in rodents is not
always easy. Challenges with pharmacologic analgesics™ or rehabilitative interventions' '® can be used to
understand and dissect effects of pain relief and functional improvement, demonstrating the importance of
measuring outcomes that capture these different domains. This becomes even more important to consider in the
setting of aging, due to the development of muscle strength loss'® and changes in cognition which can impact
function and disability independent of pain.

Dissociation between structure and symptoms: The severity of symptoms in OA is not strongly linked in a one-
to-one fashion to the extent or severity of structural joint pathology '’ '®. Although there are reported relationships
between structure and pain'®, the inter-relationship is complex and individual patients can have severe symptoms
even when structural pathology is mild, while others can have mild symptoms in the setting of advanced structural
pathology® ?'. In addition, OA joint pathology can exist in an asymptomatic state, and the prevalence of
asymptomatic OA has been reported to be 19-43%?. Reflecting human disease, the relationship between
structure and symptoms in preclinical models of OA is also complex, and varies depending on the model used
2 For example, gait adaptations in a rat model of OA were best correlated with bony remodeling and synovitis
but not cartilage loss 2*2° — the hallmark sign of OA pathology often measured to demonstrate effectiveness of
therapeutics. Moreover, interventions may differentially impact structure and pain in a model-specific manner.
Access to a running wheel in the mouse DMM model of OA accelerated joint degeneration but did not cause an
advance in painful symptoms'. Further, absence of the chemokine receptor CCR2 or its ligand CCL2 has been
shown to significantly improve pain-related outcomes in this model, while having little effect on structural
outcomes '* 2, Similar responses have been seen with enzyme therapies that shift local joint metabolism; here,
intra-articular delivery of an indoleamine 2,3 deoxygenate fusion protein shifted both tactile sensitivity and
improved gait, but did not improve joint structure?’. Thus, joint structure cannot act as a direct surrogate for joint
pain and function in preclinical studies. Novel therapies designed to primarily target structural outcomes could
still be effective for symptomatic relief 2 2° * put this needs to be established for novel agents. For clinical




translatability, symptomatic disease states or phenotypes are most important to consider when developing new
therapeutic strategies, and so measurement of symptomatic outcomes at the preclinical level is critical.

Recommendations: In preclinical studies, adding outcome measures of musculoskeletal pain, musculoskeletal
function, and disability will improve our understanding of how underlying patterns of disease pathology and
distinct cellular and molecular mechanisms relate to these important inter-related domains of symptomatic
disease. Moreover, in studies testing novel interventions, incomplete assessment of these domains is likely to
hinder future therapeutic development. Although this can be challenging in rodents and other small animals,
validated methodologies exist and are increasingly accessible to improve our ability to make progress in this
field. Recognizing that resource constraints and methodological limitations are real, we offer the following tiered
recommendations, ranging from minimum standards applicable to most preclinical OA studies to more
comprehensive phenotyping encouraged as therapeutic approaches mature:

e Targeted studies aimed at aimed at defining symptomatic phenotypes and the distinct and inter-related
contributions of pain and musculoskeletal function to disability in individual preclinical models are needed.

e Measuring outcomes that capture the domains of pain, function, and disability will provide the most
complete assessment of disease state and therapeutic efficacy in preclinical models, paralleling the
multidimensional nature of human OA with each domain relevant to quality of life and goals of treatment.

e Measuring all three domains in all preclinical studies is likely unnecessary, particularly in early-stage
studies aimed at defining biological mechanisms of action and molecular targets. However, when
designing preclinical studies testing therapeutic efficacy of novel approaches, effort should be made to
incorporate outcomes that capture symptomatic disease domains in addition to structural disease.

¢ In aging studies, capturing multiple symptom domains is of particular importance due to the differential
contribution of age-related comorbidities and muscle loss on pain and function.

e Several behavioral methodologies have emerged to measure OA symptoms in small animal models
(reviewed in 3" 32), and many of these capture multiple symptom domains (pain, function, disability). More
work is needed to optimize their use and identify the most suitable/sensitive approaches for specific
models before a specific standardized set of outcome measures can be recommended.

e We recommend incorporating at least two outcomes of pain and function, one that measures
spontaneous pain and function, and one that measures evoked pain and function to better capture and
define effects of therapeutic interventions®. Spontaneous measures capture pain and functional deficits
during normal daily activity, paralleling resting pain and functional limitations in “activities of daily living”
in our patients. Evoked measures, elicited by a challenge or stressor, capture deficits that emerge under
increased stress or physical demands, paralleling activity-related symptoms. Although not an exact proxy
for outcomes in patients, these measures together can capture the impact of OA symptoms on the ability
of an organism to function. Some examples are as follows:

o Examples of spontaneous pain and function outcomes include paw weight bearing distribution®:
34,35 gait analysis **3, and measurement of spontaneous activities (i.e. rearing, climbing, speed
of locomotion, voluntary wheel running, exploratory behavior, etc) which can be evaluated using
different technologies **'.

o Examples of evoked pain and function include vonFrey filament algesiometry®’, and pressure-
application measurement*?, both of which measure nociceptive/pain sensitivity to mechanical
stimuli. Functional tests include grip strength measurement *3, forced treadmill running
and rotarod testing*.

e Functional measures may capture multiple symptom domains, and relationship with pain in specific
models should be determined by analgesic challenge. Those that capture global motor function (i.e. gait
analysis, rotarod testing, spontaneous activity) may represent surrogates for disability.

e Sex-related differences in pain*® and function*® outcomes are reported and should be taken into account.

¢ A recent “comprehensive functional assessment battery (CFAB)” of behavioral tests capture physical
function decline with age in mice, and could be useful in age-related OA studies *’.

We recognize that the training of personnel, equipment, and establishing optimal environments for behavioral
testing is time-consuming and costly. But aligning preclinical therapeutic studies to capture clinically
relevant outcomes is critical to the development of effective therapies for OA. Efforts to engage multi-
disciplinary teams of investigators to overcome obstacles to rigorous symptomatic phenotyping in preclinical
models of OA will be critical towards this goal.
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