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"%t Disclosures & COI

Investigator- and company-initiated research for commercial entities:
contracts negotiated with and finances paid to and controlled by Sydney
University or Northern Sydney Local Health District (past 24 months)

* IMCRC - Allegra Orthopaedics & Bone, Ligament Tendon
Fidia Farmaceutici

Cynata Therapeutics

CEVA Animal Health

Regeneus Pty Ltd

Consultant: Galapagos Pharmaceuticals

Board of Directors: ORS(US), IBJR, SpineCare Australia
Editorial Board: OA&C, OACOpen, A&R, JOR, BJR

My presentation does not include discussion of off-label or investigational drug use
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Institule of
BONEs
JOINT
Research

Basic Science research ... “‘what?”

NHMRC Australian standard research classifications
Broad Research Area

BUILDING
A HEALTHY

. . NHMRC
- Basic Science AUSTRALIA
- Clinical Medicine and Science
- Health Services Research
- Public Health - _ _
roa roportlon
Research Year | Applications a:?:’?d Fl::::d grants Total value
Area awarded
" . . 2019 1821 221* 12.1% 75.2% $173,947,106
Figure 2: NHMRC grant spending by broad research area, 2000 to 2018 Basic Science ! !
o 2020 1899 191 10.1% 67.5% $169,807,794
Clinical 2019 566 45 8.0% 15.3% $40,231,653
. Medicine and
Solsnce 2020 675 59 8.7% 20.8% $57,272,149
Health 2019 117 12 10.3% 4.1% $8,263,881
50- Services 2020 125 10 8.0% 3.5% $10,869,947
; 2019 147 16 10.9% 5.4% $19,301,455
FublicEcaiih: [ onon 190 23 12.1% 8.1% $21,772,673
e #04 *Includes one application that was funded by the Australian Communications and Media Authority for research on the health effects of Electromagnetic Energy.
;:: Proportibn
304 Grants Funded | of grants
Broad Research Area | Year Applications awarded | rate awarded Total value Mean budget Proportion of $ awarded
2019 805 95 11.8% 38.6% $137,175,847 $1,443,956 37.5%
204 Basic Science 2020 690 7 10.3% 30.0% $124,347,696 $1,751,376 33.8%
[ 2021 630 87 [ 13.8% 34,3% $155,915,598 $1,792,133 39.0%
2019 593 89 15.0% 36.2% $149,136,432 $1,675,690 40.8%
ca Clinical Medicine and
10 Shunca 2020 600 100 16.7% 42.2% $154,395,383 $1,543,954 42.0%
2021 577 98 [ 17.0% 38.6% $157,838,020 $1,610,592 39.5%
0 e i 2019 194 20 10.3% 8.1% $23,962,685 $1,198,134 6.5%
R::em: rvices 2020 189 20 10.6% 8.4% $27,076,237 $1,353,812 7.4%
2021 196 16 | 8.2% 6.3% $16,684,710 $1,042,794 4.2%
Broad research area
M Basic Science | Health Services Research 2019 265 42 15.8% 17.1% $55,598,493 $1.323,774 15.2%
M Clinical Medicine and Science M not Applicable Public Health 2020 301 46 15.3% | 19.4% $61,655,829 $1,340,344 16.8%
B Pubiic Health | 20m 319 53 | 166% | 209% | $69,194.209 $1,305,551 17.3%
2019 1857 246 13.2% | 100.0% | $365,873,457 $1,487,290 100.0%
Total 2020 1780 237 13.3% | 100.0% | $367,475,145 $1,550,528 100.0%
2021 1722 254 | 14.8% | 100.0% | $399,632,537 $1,573,356 100.0%
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lnstitute of

"%t Basic Science research ... "what?”
NHMRC Australian standard research classifications
Broad Research Area

Basic Science

Clinical Medicine and Science

Health Services Research
Public Health

BUILDING
NHMRC A HEALTHY
AUSTRALIA

L AUSTRALIA &
=Y e
—}},\)))3}:(((((’\-

ABS R&D research classifications

- Pure Basic Australian
- Strategic Basic Bureau of
- Applied Statistics

- Experimental development

Pure basic: expeimental and theoretical work; acquire new knowledge without looking for long term benefits other than the
advancement of knowledge.

Strategic basic: experimental and theoretical work; acquire new knowledge directed into specified broad areas; expectation of
useful discoveries; provides the broad base of knowledge necessary for the solution of recognised practical problems.

Applied: original work to acquire new knowledge with a specific application in view; determine possible uses for the findings of
basic research or new ways of achieving some specific and predetermined objectives.

Experimental development: systematic work, using existing knowledge directed to producing new materials, products or
devices, to installing new processes, systems and services, or to improving substantially those already produced or installed.
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Serial bio-samples

* Monitor response, Tx engagement — Clinical/Exp Devel
» Define responders/non-responders — Applied
 ldentify pathways modulated — Applied/Strategic Basic
 RNA-Seq, MS proteomics ... — Pure/Strategic Basic

\

Outcome measures

Clinical, Health Services, Public Health
KOLLING
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Institule of

"ot Basic Science MSK research ... "why?”

WHO Global Burden of Disease (2012) found that
MSK diseases:
- affect >1.7 billion people worldwide
« 2 greatest cause of disability
« have the 4" greatest impact on overall
health of the world population when
considering both death and disability

MSK disease in USA:
« affect >one of every two age 18 and over
» affect ~three out of four age 65 and over
* cost ~6% of the annual GDP

1 in 8 persons of prime working age reported lost
work-days due to a MSK condition - a total of 216
million days in 2012!

http://www.healthdata.org/

Global burden of 369 diseases and injuries in 204 countries
and territories, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019 1w 2020 396 120422

Proportion of United States Aduit Population Regoning
Chronic Medicsl Conditions, 2012

™~ oA N L

Prevalence of Top Three Self-Reported Medical
Conditions, by Age, United States 2012
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http://www.boneandjointburden.org/2014-report

“ont Basic Science MSK research .... “‘why?”

Affecting >7 million Australians
« 14% of the total burden of disease in Australia
« 2nd leading cause of non-fatal burden (23%) after mental health and
substance abuse (24%), but the leading cause in women
» leading single cause by far of disability: 31% of all persons with a
disability (1.2 million) report it is due due to a MSK condition
» >80% of chronic pain

Fourth most costly disease group in the health system
« $5.7 billion in direct costs (2008-09)
« nearly 1/3" of all presentations to health professionals
* 12% of hospitalizations
* 13% of persons who took medication did so for a MSK disorder
* 41% of early retirements due to ill-health in 45-64 yo, at an annual cost
of >$16 billion in lost GDP

was added as an Australian National

Arthritis and Musculoskeletal Diseases I I ‘ ‘ I ‘ 1 i
Health Priority in 2002 T l i I I "

W aies B amaks 4 Males Famales

KOLLING

Submission to Australian Medical Research Advisory Board, 2016 INSTITUTE
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“ont Basic Science MSK research .... “‘why?”

Affecting >7 million Australians

14% of the total burden of disease in Australia 2 0
2nd leading cause of non-fatal burden (23%) after mental health and =i
substance abuse (24%), but the leading cause in women 3 ,

For the most common chronic painful MSK conditions e.g.
Back pain
Osteoarthritis (OA)
Tendinopathy

THERE IS NO CURE & CURRENT TREATMENTS HAVE
POOR LONG-TERM OUTCOMES

Arthritis and Musculoskeletal Diseases |, -
was added as an Australian National “" “ .
Health Priority in 2002 bk LLLLLLLER
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Define pathophysiologic disease mechanisms

Structural AND Symptomatic
 OA, tendon & ligament injury/disease, IVDD .....
« Cell biology, molecular biology, biochemistry, biomechanics,
genetics ....

KOLLING

irdg




sttt o . . P )y
“ont  Basic Science MSK research .... “when?

Research

e On the predictive utility of animal models
(in vitro and animal models) f ost thriti
63% proceed to Phase | with failure primarily due to Of osteoartnrits Arthritis Research & Therapy (2015) 17:225
safety (82%)"; Anne-Marie Malfait"" and Christopher B. Little?

50-65% proceed to Phase 12 with failure
due to safety (62%) & efficacy (15%)

Development: Clinical trials (Phase Il and Il
~30% successfully transition from Phase Il to Phase Ill;"2
greater success if existing human genetic linkage, efficacy
biomarkers and confidence in patient selection;
failure due to efficacy (65%)** & safety (30%)’

60-67% of Phase lll progress to approval
(~10% of all drugs entering Phase 1);!2
failure primarily due to efficacy™*

Delivery: Evidence based guidelines,
post-market surveillance
~21% have post-market safety warnings added and ~4%
are withdrawn34

T

Dissemination: Health policy & practice
implementation

'Cook et al. Nat Rev Drug Discovery 2014;13:419-431.
2Hay et al. Nat Biotechnol. 2014,32:40-51. 3Lexchin J. Br
: J Clin Pharmacol. 2015;79:847-59. *Lexchin J. Open Med.
Population Health Impact 2014:28:614-9
KOLLING
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Insﬁtute of

“ont Basic Science MSK research .... “‘when?”

Research

Serial bio-samples

* Monitor response, Tx engagement — Clinical/Exp Devel
» Define responders/non-responders — Applied

+ |dentify pathways modulated — Applied/Strategic Basic
* RNA-Seq, MS proteomics ... — Pure/Strategic Basic

, '\?<

Outcome measures
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“ont  Basic Science MSK research .... “where?”

“... lack of a sufficiently strong
connectlon between Health and oL X |
Medical Research and the delivery of Veawae o
healthcare services ...” |

. overarching vision for Health and
Medical Research is one where
research is fully embedded in all
aspects of healthcare to deliver
'‘Better Health Through Research’...”

KOLLING
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Instjlute of

sont Basic Science MSK research .... “Where/Who?”

Research

“Embedded” in Healthcare ...

« =+ physically embedded on a Health campus
« Network and Connectivity with Health Research/ers
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"%t Translational MSK research
“Bedside-bench-be

Basic Science Research: defining and targeting pathophysiology

Successes

« Biologic therapies for RA

 New treatments and biologics for osteoporosis

Maybe.....?7

« OA: Lorecivivint (Wnt-pathway), Sprifermin (FGF18), Canakinumab (IL1),
stem cells, joint distraction, ......

Maybe not .....?7

* Chronic pain: Tanezumab vs Fasinumab (anti-NGF)

KOLLING

INSTITUTE

irdz



Institute of

ekt Gaps & Opportunities .....

Research

Saftware based on the conventional gait model s
used in most clnicel gat laboratores. However,
known imitatons o the model can affect dots
output and influence surgical dedsion-making.

BASIC SCIENTIST

The m-m ndmodes of saint h-dmgwm
‘pathalogical changes and
M-uood
o isms by which colular-love! ignals

Pain is what the parsen It s, The construct is

Bedside clinical assassment of pan medsanisms is
blunt and y factons — ol
gerenl health, time of mnumnl, m

BASIC SCIENTIST
Janaa JaFi

Minimum symptomatic relief targets that are
nat been

pamn outcomes of snimal models used in pre-dinical
OA research. There is & gap between how pan i
measured and defined in pre-clinical studies and how it
= reparted thraugh patient reparted outcomes.

CLI”LEIAN

Lack of gold standard messurement 1o as386s & New
1841 againer, weombhnnyvmm o
estmaton of ostic accuracy through inappropriate
study design, Il&olclhulommmwd
«cost cansiraint that allows testing with low dinical usiizy.

CLINlCAL RESE) QRCHER

and
oeting standards mlﬁlﬁllddh‘mu‘hn have

hﬂg‘d behind.

The most promising molecular targets and assays

stil rest largaly on face valldity and lack both praof

af angin and circal relevance.

B)\SIC SCIENTlS i

mmmm»wmw
i g : which
mmuu‘:&'; ot e good ol
mammm ” m

* Any solutons to enhance repeatabiity of gart lab output nead

+ Hypothess-generating analyses of exsting OA biomechanical

BIOMECHANICS
SOLUTIONS

wl(;MN

nt chamctarissics nlmusdul-rwamalm
m‘mby

1o be spplicable to those of all abilities and limitations refered
for gait analysis.

Minimsing additional demands on the patient is impernant to
translata a new tool into cinical practice

datasets to explore complax movement stratagles in people
with OA and sub tly examine the f distinet
with clinical
Robust longitudinal studies 10 evaluate the association
between biomechanical outputs from gait models informed
with patient-spocific paramaters and clinical outcomes.
Machine leaming techniques may provide 8 novel way 1o
capture information of equivalent quelity as can be generated
from iaboratory data through wearabie sensors m a ral-world

CLINICAL RESEARCHER
Ll Diveya

identifying phenatypes in clinlcal pactice and
mmhunotmlnuumud
nead to be recognisable using oasy 1o
cotain patient data feithar clinical, maging or
laborstory)

sertng BASIC SCIENTIST

| and
|ugu| CoaiGE T s whdle body to subcallar lavels

Is required, With this knowledge, identification of the cellular

mechanotransduction pathways may provide new

L

align to
il relevant =
m«u‘dﬁh‘ pathophysioleg)

:@

therapeutic
Foous on
ursnu o enhance tissue ngmmol\ or alter the course of Yoyl P ot et

CLINM

h are not

Ah.y‘.uuhhmuhr.hhllnugh

BIOLOGICAL MEASUREMENTS
SOLUTIONS

+ Methodological standards for designing and reporting
md&mmmmmmﬁ

outcome md assessing dependence of b'mnafhr
associations on other clinical factors.

. of the svide wihich
mammmmmmummm
agenda — which requires intemational multi-team
collaberations.

Such collaborations will enable the use of case defnitions
??&mm m“m?mw samplw
inical end points, and tr t e

and assay and
transparent reporting.

° beyond protei
demaﬂlsﬁe&

“Joint on a chip’ and other multi-issue 3D in vitro systams.

Wider range of OA animal models involving different joints,

naturally oceurring OA in older animals particularly useful if

different causative ndumﬁsd,bmmwhmg
the newer thinking of multiple OA phenotypes.

Vicky Duong ™

Bill Vicenzino', Shirley P. Yu®, Sanaa Zaki®,

nto use of

Signdcant dhm-dma between lhtunol Im»ng In
wiility of imaging in i mmbdda-! wtdmcr-
imagng

eend 0

PHENOTYPE SOLUTIONS

Adinlul"'.h. pora g'
nuqumdmymmmuﬁ-dwo.mﬁ-m
‘appropriate care to patients.

Fur&nfvaludmon of pn:poud ph«mypa is
needed, g prognostic infor  and/or
likelihood of sitimately aliowing
mprccseﬁmpeuﬂcappmdmk

Ust mulﬁplo ptnno-lmdo-(ypo pre-clinical models in
testing studies to define

appropriate humn target patient fation
e e
~ pain

symptoms
and disability) that identify which will
enable disease-specfic intervention and define who
will respond to nonpharmacological, spedific drug,
~and surgery approaches

NEUROMUSCULOSKELETAL
IMAGING SOLUTIONS

Diagnostic imaging should be reserved for specific or
serious pathnlogy lmagunq dmuld be clinically relevant
and have the p

Be mindful of the high pvavdanea of asymptomatic
pathology in the musculoskeletal system with increasing

age.

Imagm based methods to qmndfy ahmﬁens in brain,
and wh letal muscles as

poumhl markers of poor mcovely.

Normative datasets are required across the lifespan and

considering sex-as-a-biological variable

gl | studies are required to d ine the
n‘mm derpin the devel of
chronic pain following injury nndvlly snmmgly identical
injuries result in some, but not all, patients developing
chronic pan

Exploring translational gaps between basic scientists, clinical researchers,
clinicians, and consumers: Proceedings and recommendations arising from
the 2020 mine the gap online workshop

Osteoarthritis and Cartilage Open 3 (2021) 100163

', Kim L. Bennell ”, Roderick Clifton-Bligh ¢, Leticia A. Deveza®,

James M. Elliott *°, Farshid Guilak "%, Michelle Hall ®, Luke A. Henderson ", Paul Hodges ',
Brian Johnstonej,A James Linklater ', Christopher B. Little ™, L. Stefan Lohmander ",

Liam Maclachlan’, Anita Mudge °, Shaun O’Leary ™, Varshini Ravi®,
David J. Hunter®

Michele Sterling ",
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Instilule of
BONE.-

ot Gaps & Opportunitjes 7 ANZMUSC

AUSTRALIA & NEW ZEALAND MUSCULOSKELETAL
CLINICAL TRIALS NETWORK

(4 o NHMRC CENTRE OF RESEARCH EXCELLENCE

Basic Science SIG — bidirectional benefit
* Networking and Connectivity
* what are the key clinical issues/questions?

« resources/approaches to ask about disease mechanism,
biomarkers etc?

» Share research resources/samples/expertise

 Improve research rigour
« apply clinical methods/approaches to pre-clinical research
« Dbetter use pre-clinical research to guide clinical studies

* Increased funding/research opportunities
« expand research classification outcomes

* recognise other opportunities with existing partners
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