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Pharmacologic Algorithms for Knee OA
2019 gfceo 2019 OA L
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ESCEO, European Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis; OARSI, Osteoarthritis Research Society International; SYSADOA, symptomatic slow acting drugs of OA,
NSAID, non-steroidal anti-Inflammatory drug; PPI, proton-pump inhibitors; COX-2, cyclooxygenase-2; IA, intra-articular

Arden NK et al., Nat Rev Rheumatol. 2021 Jan;17(1):59-66.



Changes for IAHA Recommendation in OARSI

Patients Recommendation of 1A hyaluronic acid

Knee OA Conditional

: N Recommend
without comorbidities (Level 2 (low))

Uncertain

Knee OA Conditional
with comorbidities Recommend
(Gl, CV, frailty) (Level 1B (high))

T OSTEOARTHRITIS
RESEARCH SOCIETY
OARSI, Osteoarthritis Research Society International; SYSADOA, symptomatic slow acting drugs of OA; INTERNATIONAL

Gl, gastrointestinal; CV, cardiovascular

McAlindon TE et al., Osteoarthritis Cartilage. 2014 Mar;22(3):363-88; Bannuru RR et al., Osteoarthritis Cartilage. 2019 Nov;27(11):1578-1589



Knee osteoarthritis

Cartilage matrix
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Knee osteoarthritis

L_oss of articular cartilage

Subchondral bone remodeling
Osteophyte formation
Inflammation of synovial membrane
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Knee osteoarthritis

L_oss of articular cartilage

Acute
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OA, 1 grade OA, 2 grade OA, 3 grade OA, 4 grade
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Knee osteoarthritis

Cartilage matrix

|_oss of articular cartilage
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Knee osteoarthritis

Early. altered
biomechanics

Cartilage matrix | NO,IL-1
Fibronectn and
collagem
fragments
I DEgradation
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Loss of articular cartilage



Knee osteoarthritis

- ] _ Early, altered Chronic
Extracellular matrix of articular cartilage blomechanics autodestruction
Water
+

Collagenous framework
. GAG, PG, HA

Aggrecan binds HA and provides compressibility and elasticity to cartilage

First pathological changes in knee OA is degradation of aggrecan by aggrecanases

—> Cartilage erosion



. Joint fluid
Knee osteoarthritis

Lubricant and shock absorber

Protecting articular cartilage and joint structures
Supplies oxygen and nutrients

Removes carbon dioxide and metabolic wastes

Bone

HA molecules

Filter by restricting entrance of large plasma proteins
Facilitating passage of nutrition

Anti-inflammatory effects, inhibits phagocytosis and
leukocyte adherence, reduces inflammatory mediators,
and reduces release of arachidonic acid from synovial
fibroblasts

Cartilage

J"g

Bone | Destruction of Cartilage

Knee Osteoarthritis

Molecular weight
&
Concentration’



Knee osteoarthritis t Joint fluid

Concentration of
Tissve | | HA molecules

on  Disrupts stability of cartilage matrix
Reduces homeostatic and chondroprotective effects
Reduces viscoelasticity

Thinning
Cartilage

 Destruction of Caﬂilagew Increasing susceptibility of joint to damage by
Knee Osteoarthritis biomechanical forces

Low MW HA

Accelerates progression of OA joint damage



Exogenous HA administration

In 1934, first GAG from vitreous humor of bovine eye and named 1t “hyaluronic
aC1d™ by Kerl Meyer and sotn Palrmer

“Hyaluronan” was introduced in 1986 to conform to polysaccharide nomenclature
15t therapeutic injections of HA in animal Track horses for Traumatic arthritis

In humans, since 1970s for treating joint pain and other health conditions



Exogenous HA administration

Oral bioavalilability 5%

Intra-articular injection
Direct augmentation of synovial fluid elasticity and viscosity (?)
Injected HA is short ( < 48 hours) for most viscosupplements
High molecular HA injection

Clinical benefits of pain and mobility are long lasting
(clinical studies show effects lasting up to a year after a single injection)

HA concentration 6 months postinjection with significantly increased viscoelasticity



Exogenous HA administration

Table | Biological effects of HA

Effects on extracellular matrix

Effects on immune cells

Effects on inflammatory mediators

Enhanced HA synthesis

Enhanced synthesis of PG and chondroitin
sulfate

Suppressed PG release from extracellular
matrix

Prevents PG breakdown from cartilage
Reduced markers of cartilage breakdown
(chondroitin 4- and 6-sulfates)

Inhibits proliferation and activation
Reduced motility of lymphocytes and
macrophages

Inhibits phagocytosis

Suppresses aggregation of neutrophils
Inhibits adhesion and neutrophil-associated
cartilage destruction

Reduced levels of

© Prostaglandins

o Leukotrienes

Increased production of cAMP
Reduced expression/activity of
IL-1, IL-6

Stromelysin

TNF-o

TIMP-1 (inhibits MMP)
Plasminogen activator

o O O O O

Reduced arachidonic acid release
Antioxidant effects
Reduced production of NO

Note: Data from Moreland,' Abate and Salini,® and Kusayama et al.’

Abbreviations: HA, hyaluronic acid; PG, proteoglycans; cAMP, cyclic adenosine monophosphate; IL-1, interleukin-I; IL-6, interleukin-6; TNF-c., tumor necrosis factor «;

TIMP-1, tissue inhibitor of metalloproteinases- |; MMP, metalloproteinase; NO, nitric oxide.
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Exogenous HA administration

Structural and mechanical roles

Signaling molecule
Interacts with receptors on surfaces of a range of different
cells

HA Injection Promotion of endogenous HA production

Suppresses cartilage damage by reducing activity of
fibronectin fragments & reduces production and activity

High MW HA of various inflammatory mediators

Decreased ongoing nerve Antioxidant effects in menisci and synovium

activity and movement-
evoked nociception
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Clinical effectiveness of viscosupplementation

Intra-articular HA

At least as effective or more effective than oral NSAIDs, COX-2 inhibitors, paracetamol or 1A
corticosteroids improving pain and function

Greater effect on stiffness

However, expert consensus is that because viscosupplements differ widely in terms of origin,
MW, molecular structure, method of cross-linking, rheological behavior, and formulation, it may
not necessarily be appropriate to extrapolate clinical results from one to another

Bannuru RR. Therapeutic trajectory following intra-articular hyaluronic acid injection in knee osteo- arthritis — meta-analysis.
Osteoarthritis Cartilage. 2011;19(6):611-6109.

Bannuru RR. Comparative effectiveness of pharmacologic interventions for knee osteoarthritis: a systematic review and
network meta-analysis. Ann Intern Med. 2015;162(1):46-54.
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http://www.medisobizanews.com/news/articleView.html?idxno=41970
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Sodium hyalunonate 20mg/2ml SR
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Sodium hyalunonate (BDDE cross-linked) PFS
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Ideal Viscosupplement

« Purity of raw material (HA)

« Amount of cross-linking agent

Viscoelasticity

Duration
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Purity of Hyaluronic acid

Highly-purified HAS 2 QA

« Low purity2l HA= hypersensitivity S 2| &2 2 MAIZ
 Highly-purified HAZ AE0l OF adverse eventE 22 A2 == US
High protein included Low protein included
Number of Incidence® of adverse events Number of Indicidence? of adverse events

Adverse effect type adverse events (per 100 treated) adverse events (per 100 treated)

Hypersensitivity 104 0.07 52 0.02

Injection site inflammation 68 0.05 49 0.02

Other 50 0.04 43 0.02

Total 222 0.15 144 0.06

2Assuming 144,000 patients treated in 1999 and 262,000 in 2000 (based on the number of syringes sold).

Friedman PM et al. Dermatol Surg. 2002 Jun;28(6):491-4.
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Purity of Hyaluronic acid

- HA &= & 2K Mak
HE Y4t 2| g4t {7} THoj
(L@t 0 0 0 )
HALSAL X X 0
« HAZSZA 22J|&
Y| E losiet HARPIE | (Tloset HA BMEZ
Sterility Test N/A Sterile Sterile
Bacterial Endotoxins < 0.5 EU/mg(parenteral) < 0.05 EU/mg 0.01 EU/mg
Nucleic Acids <05 <0.5 0.0
Protein < 0.1% (Parenteral) . <0.1% ) L 0.0% k
O AZSE T ZAAE (nedrug.mfds.go.kr), European Pharmacopoeia 9.0 3583-5

Data on file. LG Chem R&D center. Report for characterization of SYNOVIAN®. RCH-SA-002.



Ideal Viscosupplement

* Purity of raw material (HA)

« Amount of cross-linking agent

 Viscoelasticity

 Duration

28



Process of Cross-linking
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Cross-linking agent (BDDE)
BDDE (1,4-Butanediol Diglycidyl Ether)

+ 9151 0|4 HA RITI0l QI0f FIMABIHZ AL E|Ol2 318t 4=

+ ChYSH 7tmA|E QFH 0| 24

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

............................ D —————————_—— D
Glutaraldehyde 134 mg/kg
Formaldehyde 100 mg/kg
Divinylsulfone 32 ma/kg

Polyethylene oxide 22 mg/kg
DEO (Diepoxyoctane) 1.07 mL/kg

LDs, (lethal dose 50%): AlE S S0 A A S T2 50%E At 0l 0120 ot= S22 &

Chemical material safety data sheet (BDDE, Formaldehyde, Glutaraldehyde, Polyehylene oxide, Divinylsulfone)



Safety from Cross-linking Agent

Jt ) Kl (BDDE)
K= AlZhvs CHE A
me Fel Z7ruk
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Filler complications, ISBN 978-981-13-6638-3. Fidalgo J et al. Med Devices (Auckl). 2018 Oct 15;11:367-376. De Boulle K et al. Dermatol Surg. 2013 Dec;39(12):1758-66.
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Cross-linking Technology

HICE 7tn7|=
x

|2~5tO| BDDE AHE
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Low M.W. HA Low HA concentration Low cross-linking ratio (CrR)

More pendant modification (MoD)
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High M.\W.HA High HA concentration Higher cross-linking ratio

Less pendant modification

HICE Cross-linking Technology

HICE, high concentration equalized



Cross-linking Technology

=2 #HdE (MoD)
1.8%)
Mo dification D egree (MOD) Cross-inking Ratio (CrR)
_ Ritotal BDDE) _ Nicross=linked BDDE)
Mirotal GleNAC) Mraral BDDE)
- % =0.42 = g =0.6

Pendant
& N-acetyl glucosamine (GlcNAC)

HICE, high concentration equalized



Ideal Viscosupplement

* Purity of raw material (HA)

« Amount of cross-linking agent

Viscoelasticity

Duration
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Data on file. LG Chem R&D center. Report for characterization of SYNOVIAN®. RCH-SA-002.

Viscoelasticity
HA viscosupplement2| HEHY > BEO|M A S50t 22 o
HMEHYO| £842 X47|7 Y 250 24 4 oL
42 £Of Y S QUT £ UL
Hatolo| B etol o] 4
ZEES S QUL GE +F0| MEHY B9
e G (&4) G” (84)
= (Storage modulus, Pa, at 2.5 Hz) (Loss modulus, Pa, at 2.5 Hz)
18~27 Al 117 + 13 45+ 8
Jaolo gy 28 &l 27~35Al 226 +0.7 72+08
52~78Al 18.9 + 3.3 101 +1.2
OA EHRte| &9k 85+54 4.8 + 2.8
HA viscosupplement 309 50
Balazs, E.A. The physical properties of synovial fluid and the special role of hyaluronic acid: In Disorders in Knee. (A. Helfet ,ed.) T.B. Lippincott, Philadelphia p. 63-75
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Ideal Viscosupplement

* Purity of raw material (HA)

« Amount of cross-linking agent

Viscoelasticity

Duration
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% of dose

45

40

35

Efficacy Xl Al2!

HICE JtuJl= > BHZ I SU >
S8 HOA XSHe 21t

Duration of Linear HA* Duration of Cross-linked HA**

40 N

30 \

20 ™

% of dose

20 40 60 80 0 20 40 60 80
Time (day) Time (day)
*3ME; 12/ M &

HICE, high concentration equalized

1. PHARMACOKINETIC, DISTRIBUTION AND EXCRETION STUDIES IN THE RABBIT AFTER INTRA-ARTICULAR DOSING, Huntingdon Life Sciences Ltd
2. Absorption, Distribution and Excretion in Rats Following Sing Intra-Articular Administration of 14C-COMPOUND, Sekisui Medical Co., Ltd.
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Compliance =& &

HAMAIS 7t 20| 2} monophasicat biphasice 2 &
Monophasic HA: 52 IXI7H 872} > FAIAO] B2 & 87
o=z

Biphasic HA: %2 2% 2 - monophasic HA ECt M2 & HE|StA AL

Monophasic HA Biphasic HA [Syringe pressure]
4000
3,382
3,000
» N 2,526
” S
8 2000
o
L
1,000
=3 SFERCE N SR
0
Monophasic HZ Biphasic HI&
ZOIA| _ A OS2
Tors =2 T8 2R S <o|o1 . . . S
&= =2 =8 2R Figure 3. Measurement of syringeability. Greater injection power

is needed for the monophasic HA than the biphasic HA.

1. Flynn TC et al. Dermatol Surg. 2011 May;37(5):637-43. 2. Park KY et al. J Eur Acad Dermatol Venereol. 2014 May;28(5):565-8.



Compliance =&
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Compliance =&

Glass syringe= == A2 0| Jtoff

Pharmaceutical hitpyfinformahealthcare.com/phd

155N 1083-T450{print), 10070857 jelectronic)
Development and
T Pharm Dew Tachnal, 2015; 20(1j: 1-11

= coc syringe

Jé! [[H DHII Bt AH

O =2 o

informa

© 2015 Informa Healthcare USA, Inc. DOL: 10.3108/10837450. 014082825 healthcare

REVIEW ARTICLE

Pre-filled syringes: a review of the history, manufacturin

and challenges
Gregory Sacha', J. Aaron Rogers’, and Reagan L. Miller®

Department of Researnch and Development, Baxter Medical Products, Bioomington, IN, U
Baxter Medical Products, Bloomington, IV, USA, and “Department of Researchand Develo
Lake, IL, LSA

Sacha G et al. Pharm Dev Technol. 2015 Jan;20(1):1-11.

the glass syringe Luer cone left behind during manufacturing have led to
ageregation and particle formation in protein solutions. These issues coupled
with breakage concerns have lead to the development of plastic pre-fillable
syringes. There are several types of plastic syringes available: cyclic olefin

polymer (COP), cyclic olefin copolymer (COC), polypropylene (PP) and
polycarbonate (PC) (Figures 7 a).

)
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Compliance 58

T &5 =3 COC syringe
Crosslinked HA
=2 2080z Clof A A
S 22 HA & At Ha =& (N) FAD| EFE
3| HE , . o
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p)ami
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= 138 A& . o
AN S I HA Monophasic 75 Sl
Needle: 21G thin wall, Injection velocity: 5mm/s
LG3}&

\:_J

t, Data on file. LG Chem R&D center. Report for characterization of SYNOVIAN® . RCH-SA-003
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Clinical data
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cfficacy and safety of single injection of @

cross-linked sodium hyaluronate vs. three

injections of high molecular weight sodium

hyaluronate for osteoarthritis of the knee: a

double-blind, randomized, multi-center,

non-inferiority study
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Abstract The objective of this study is to assess the safcty
and efficacy of repeated intra-articular injection of high
molecular weight hyaluronic ecid (LBSAQ103) at a 26-week
imterval, in paticnts with osteoarthritis of the knee. The study
was an open-label, single arm, multicentre prospestive trial

maintenance of pain relicf was a sccondary objective of this
study. OF the 185 patients screened, 174 patients reosived
the first injection and 153 patients received both injections
of LBSAQ103. Nine adverse drug ractions occurred in
seven paticnts (4.020%) after the first injection, whik: only

conducted in paticnts with sy knee

The intervention consisted of two intra-articular injections of
LBSAD103, with the second injection performed 26 weeks
after the first injection. The primary outcome was the inci-
dence of adverse drug reactions relaied to cach injection.
Assessment of efficacy of repeated injections in terms of

Electronic supplementary material The online version of this

‘maierial, which is avaslable to authorized users
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ug {0.63%) afier the second
injection. As a secondary outcome measure, the improve-
ments in the efficacy parameters including total WOMAC
score and weight-bearing pain were all significant at both
week 13 and 39 compared to the baseline value (7 < 0.001),
and improvements after the second injection wer: consistent
with those aficr the initial injection of LBSAD103 (between
week 26 and week 39, P < 0.001). Repeated intra-articular
injection of LBSADI03 ata 26-week interval is safe without
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Clinical data
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Ongoing clinical evaluation

Post marketing surveillance (PMS)
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Observational Study

URRENT MEDICAL RESEARCH AND OPINDN
it ko org/ 10, 1080/03007995 H021.1950132
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(@) Taylor Francis

M) Chack

ORIGINAL ARTICLE

Safety of a single intra-articular injection of LBSA0103 hyaluronic acid in
patients with osteoarthritis of the knee: a multicenter, single-arm, prospective,
cohort study
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ABSTRACT ARTICLE HISTORY
Objective: LBSAQ103 is a recently developed high-molecular-weight, crossdinked. non-animal hyalur-  feceived 27 December 2020
onic acid (HA)L. The safety of LBSAD103 has been investigated only in a limited number of patients, ~ flevsed 23 Apil 2021
therefore this prospective study was designed. This study sought to assess the safety including injec-  Accepted 16 June 2021
tion-site reactions and adverse drug reactions after a single intrz-articular injection of LBSAQ103 in o5

jpatients with ostecarthritis (0A) of the knee joint. ;ﬂ:__mnm'

injecBon; hyahumnic acid;

Methods: This study was a multicenter, single-arm, study. After screening eligible
int (el d recen i estenarth étis; knee

prospective cohort

patients with OA of the knee joint (tellgren-Lawrence grades |-l were enrolle a single
intra-articular HA (LBSAD103) injection, and were followed up for two weeks. Any adverse ewvents
induding injection-site reactions and adverse drug reactions were evauated by the investigatars.
Results: A total of 1949 subjects (2976 knee joints) was enrolled all of whom received a single intra-
articular injection of LBSAD103. Injection-site reactions occurred in 5.59% of enrolled subjects (109/
1949), and the most frequently reported injection-site reaction was pain (4.87%), followed by swelling
{1.03%). Moz of the injection-site reactions were transient and resolved within 14 days without add-
itional treatment. The inddence of adverse drug reactions other than injection-site reactions was
067% [131949). Mast adverse events were of mild severity. No serious adverse events related to the
study drug were reported.

A single intra-articular injection of LBSAD103 in patients with OA of the knes joint was
safe, and no significant safety concems were cbserved. As such, LBSAD103 could be safely applied as
an intra-articular injection for the management of knee DA,

Trial Registration: The study was registered at ClinicalTriaks gov (identifier: NCT043609261)

Introd uction Current treatments for knee DA focus on managing symp-
toms and associated impairments to enhance the quality of
life and delay surgical treatment. The benefits of phamaco-

logic and non-pharmacologic interventions are well-docu-

Ostecarthritis (0A) is a degenerative joint disorder causing
joint pain and functional impairment and is the most fre-
quently diagnosed condition in patients with chronic muscu-

loskeletal pain'. OA is a slowly progressive disorder with
different degrees of disease severity and that requires long-
term management with various treatment options during its
course™ ©, Although OA may occur in any synovial joint in
the body, the knee joint is one of the most common mani-
festations of this disease® 5. As the knee joint takes on a sub-
stantial amount of the weight-bearing load, OA of the knee
joint can lead to significant disability if left untreated™'".

mented, and non-steroidal anti-inflammatory drugs (NSAIDs)
are the most commonly used agents'™'*. However, pro-
longed use of NSAIDs carries the risk of adverse cardiovascu-
lar and gastrointestinal side effects'. When lifestyle
maodifications, bracing, physical therapy, and NSAIDs fail to
relieve OA symptoms, intra-articular hyaluronic acid (HA)
injections are often considered as an alternative option ',
In knee OA, synovial fluid viscosity and elasticity as well as
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