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Learning Objectives
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= Summarize the underlying mechanism of action and potential for different

biologic regenerative therapies

= List the potential adverse effects of regenerative therapies
= Cite current strategies to improve outcomes when utilizing biologic

regenerative therapies

= Describe background information on PRP and BM-MSC and their role in the
treatment of different chronic pain conditions (LBP, musculoskeletal

degenerative disease, OA, etc)

PaiN\\eeK

Regenerative Medicine: Background

= Essential ability of the body to heal itself

homologous or autologous biologic agents

= Biomedical approaches:
progenitor cells

administered alone or as a complex of infused cells

PaiN\\VeeK

= Regenerative medicine: foster innate repair mechanisms and supplement w/

—Cell therapy - injection of MSCs (mesenchymal stromal/ stem cells; medicinal signaling cells) or

— |mmunomodulation therapy - induction of regeneration by biologically active molecules

—Tissue engineering - transplantation of in vitro grown organs and tissues
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Goals of Regenerative Therapy

Fig. 24. Goals of interventional treatment (pai
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Currently Available Biologics (PRP)

= Platelet-rich plasma (PRP) — immunomodulation therapy
= Centrifuged whole blood, extraction of PRP (growth-factor rich)

—» Platelet-Poor Plasma

Buffy Coat (Platelets

* and White Blood Cells)

» Red Blood Cells

Med Clin N Am 100 (2016) 199-217
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Currently Available Biologics (PRP)

= Inflammatory environment — platelets secrete growth factors from alpha granules &
stimulate anabolic healing processes =3

Abbrevistio

PaiNWeeK Med Clin N Am 100 (2016) 199-217
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PRP

= Most efficacy seen in treating inflammatory states

= Used more in arthritic conditions (SIJ, facet joint, etc) than for treating disk
degeneration

= However, some evidence suggests that PRP may aid in reducing chronic
inflammation assoc. w/ degenerative pathologies

Ex: Several studies comparing intra-articular injections of PRP vs. local

anesthetic/corticosteroid showed:
- Short-term relief similar; however, more sustained long-term improvement

with PRP

PaINVVOSK
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PRP Classification System

= Based on presence of WBC and fibrin architecture present

4 Different Types of PRP:

=Low-density fibrin types = injectable & used most for MSK conditions

=1.) Pure PRP (PPRP) — No WBC, low-density fibrin network

=2.) Leukocyte-rich PRP (L-PRP) increased [WBC], low-density fibrin network

=High-density fibrin types = clot formation with growth factor (used less for MSK)

=3.) Pure platelet-rich fibrin (P-PRF) — No WBC, high-density fibrin network

=4.) Leukocyte and platelet-rich fibrin (L-PRF) — increased [WBC], high-density fibrin
network
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PRP Variables

= PRP therapy — dependent on the function Variables influencing GF-profile of PRP
of the host’s platelets

~ Donor
. Age
. «  Gender
= PRP injectate — recommended to be at + Comorbidities
least 2.5 x greater than the peripheral S o e
plasma concentration pr——
Blood collection and storage conditions
Spin protocol (speed, time)
- Lesser concentrations — |ike|y sub- «  Activation protocol (agent, concentration, timing)
therapeutic e Storage
- Greater concentrations — reduces + Formof delivery (gel, solution)

. L . . ‘Timing of deliy in relatic isolatic
osteoclastic activity (needed for remodeling| & Timins ot deiveey i rlatin tg actuatin
process) + Host factors (similar to donor factors)

« Injury chronicity

NVWEeK Pain Physician 2019; 22:51-574
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Lumbar Intradiskal Platelet-Rich Plasma (PRP) Injections: A
Prospective, Double-Blind, Randomized Controlled Study

Yetsa A Tuakli-Wosornu !, Alon Terry 2, Kwadwo Boachie-Adjei 3, Julian R Harrison 4
Caitlin K Gribbin $, Elizabeth E LaSalle 8, Joseph T Nguyen 7, Jennifer L Solomon &
, Gregory E Lutz ®

= Aim: improvement in pt-reported pain & function w/ single injection of autologous PRP
into symptomatic degenerative |V-disks

= 47 pts with chronic (=6mo) mod-severe discogenic LBP refractory to conservative Tx

= Tx-grp (n=29): Single injection of 3-4mL autologous PRP

= Control grp (n=18): Single injection of 3-4mL contrast agent

= Outcome measures: Improvement in pain (SF-36) & function (FRI) compared to control

Control Mean ~ Control SO~ PRPMean  PRPSDor P

orN or% orN % Value
N 18 2
Age 4380 891 4140 808 359
Female 16 842% 15 517% 031 PM&R

PaiN\\/2cK gender . se 1, January 2016, Pages 1-10
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Lumbar Intradiskal Platelet-Rich Plasma (PRP) Injections: A
Prospective, Double-Blind, ized C Study

Yetsa A Tuakii-Wosornu ", Alon Terry 2, Kwadwo Boachie-Adjei 3, Julian R Harrison
Caitlin K Gribbin %, Elizabeth E LaSalle 8, Joseph T Nguyen 7, Jennifer L Solomon &
,Gregory ELutz ®

« 8wk follow-up: PRP-grp demonstrated improvement in
pain (SF-36), although not significant

« 8wk follow-up: pts receiving autologous intradiscal PRP
showed significant improvement in function (FRI) vs.
controls

« 1yr follow-up: PRP grp maintained significant
improvement in function (FRI)

Conclusions;

- Study demonstrates significant & long-lasting

improvement in pt function w/ PRP for chronic discogenic

LBP PM&R

jlume 8, Issue 1, January 2016, Pages 1-10

FunctionsiRating index
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Ultrasound-Guided Transforaminal Injections of Platelet-Rich
Plasma Compared with Steroid in Lumbar Disc Herniation: A
Prospective, Randomized, Controlled Study

Zhen Xu (", Shaoling Wu ), Xiao Li ", Cuicui Liu ", Shengnuo Fan ), and Chao Ma
Neural Plasticity

Volume 2021, Article ID 5558138

Assessed for eligibility (n-183)

=RCT, 12-month follow-up

=124 patients who suffer from
radicular pain due to lumbar disc
herniation received ultrasound-
guided transforaminal injections

Randomized (n=132)

of either PRP or steroid E— i e R
Analyred (1=63) Aratyred (617
ol el Dl w e locsed

inservention {n=3) intervention (n=1)

- st o folluw-up (=2} - ost o follow-up (=2}

100 60

80 -
2
5 60
g0

20

o 0

Baseline 1year Baseline 1 year

W Sicroid group (n=63)
PRP group (n=61)

(@) (b)

Figurs 4: Comparison of F-wave rate and latency between the PRP (1= 61) and steroid (n = 63) groups. No significant difference was found
in terms of F-wave (a) rate and (b) latency between the PRP group and the steroid group both before and after operation. The error bars
represent the 3rd quartile.

Neural Plasticity

Volume 2021, Article 1D 5558138




= Aim: to determine efficacy btw autologous PRP & LA/Corticosteroid intra-articular injection
in pts w/ Lumbar Facet Joint Syndrome

= 46 total subjects with chronic facet joint pain & failure of 1mo conservative treatment

= PRP gr. (23): Intra-articular injections (1/sx’ic level) of 0.5ml autologous PRP

= Steroid gr. (23): Intra-articular injections (1/sx'ic level) of 0.5% lidocaine w/ 5mg/mL
betamethasone

= Qutcome measures: Pain (VAS) at rest & during flexion, & lumbar function w/Roland-
Morris Disability Questionnaire (RMQ) & Oswestry Disability Index (ODI)

PaiN\\eeK Pain Pracic, Volane 17, sue 7, 2017 914-924
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Varitles

~ G A n PR

Ry

back pain at rest (4) and during flexion
01). PR plateletrich plasma: LA local ane:

Results:
= Intergroup pain assessments (VAS) @ rest & with flexion

= 1mo FU: significant pain improvement in both groups

= 3 & 6mo FUs: significant improvement maintained only in PRP gr.

o .
PAIN\/\/EcEK. Pain Practice, Volume 17, Issue 7, 2017 914-924
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Intergroup comparison of lumbar .
functional capacity w/ RMQ (panel A) & £
ODI (panel B) »
= 1mo FU: significant functional status "
improvement in both groups
= 3 & 6mo FUs: significant improvement
maintained only in PRP grp
Conclusions: AV Yy A FAR AV Y &Y Y 4
= PRP produces significant improvements LR T
in pain & functionality with longer duration
efficacy than LA/CS

PaIN\\/EeK Pain Practice, Volume 17, lssue 7, 2017 914-924

. G A PRP) - G A (WnPRP)
LT r— L re—

a0l

ity
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A Randomized Double-Blind Controlled Pilot Study

Comparing Leucocyte-Rich Platelet-Rich Plasma and

Corticosteroid in Caudal Epidural Injection for

Complex Chronic Degenerative Spinal Pain

Rcardo Ruiz-Lopez 1, Ye-Chuan s 2 3 PN Pract. 2020 Jul;20(6):639-646.

= Aim: determine safety & efficacy btw Leucocyte-Rich PRP (LR-PRP) & Corticosteroid
w/ caudal epidural injections for pts with complex chronic lumbar spinal pain

= 50 total pts. — complex chronic degenerative spinal pain

= randomly assigned 1:1 to caudal epidural inject. w/ corticosteroid (CS) or LR-PRP

= CS-gr.: 20mL CS-mixture — triamcinolone acetonide 60mg, 3.5mL contrast

= LR-PRP-grp: 20mL autologous LR-PRP mixture — 16.5mL of LR-PRP, 3.5mL contrast

Table 1. Patient Demographic Data

= Outcome measures: Pain levels (VAS), CorlcosersidGoup  APRPGroup P

Functioning/Quality of life (SF-36), & any adverse Tx- e 0°2 ] b

related effects; evaluations @ 1, 3, & 6mo Post-TX  ‘fnisy © sere 8
Sex (MF) 10:15 1m NS
PaiN\V\/eeK. R0 ko h e o 5, st 50, sandoed deion
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Table 2. Visual Analog Scale Scores
. Time of Corticosteroid Grou LR-PRP Grouj
Besults: Messurement (: ;s»e - (n - 25) ap
Egug_w;up_a_mmm Baseline VAS score 7.18 £ 0.95 748 +1.12
n L VAS score after epidural injection
= both groups improved significantly from 1 month 440 £ 092+
N . 3 months 6.28 + 0.86*
baseline pain 6 months 753 £ 060
= CS-gr. had significantly lower pain scores 10 e v
° ~—Group LR-PRP (n=25) i
@ 8 N {
2 g I
= PRP-gr. had significantly better pain scores 26 .
L 3
= CS-gr. lost significance by 6mo S5
. - g
= neither group reported complications or S l
adverse events related to Tx @6mo FU E 2
2
'
o
Lmonth S month Gmonth
Months after epidural mjction
Pain Pract. 2020 Jul;20(6):639-646.
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Physical
Physical General Component
Functioning _ Role-Physical _ Bodily Pain __ Health Summary
Corticosteroid group
Baseline 3474 £ 1842 26.42 £ 33.14 53.42 £ 26.40 53.14 £ 17.12 1411 + 70.18
6 months 35.42 £21.32 31.14 £ 39.42 6014 + 28.14 5424 £ 2314 15174 + 84.24
Pvalues 0.291 o711 0.008 0.82 0.39
LR-PRP group
Baseline 3130 £ 20.80 27.20 £ 32.14 54.10 £ 28.73 5224 £ 2211 140.10 & 75.12
6 months 59.74 + 22.57 57.40 £ 40.10 79.42 + 17.42 56.16 £ 19.23 226.14 + 61.02
Pvalues 0.001 0.001 0.001 0.0001 0.001
Between-group  0.001 0.0001 0.0001 0.0008 0.0001

= SF-36 results on physical functioning & quality of life (QOL) measures

Eollow-! month

= Both groups - significant improvements in bodily pain scores

= LR-PRP —only the PRP-gr. demonstrated significant improvements in functionality &
other QOL domains

Conclusions: LR-PRP results in superior long-duration improvements to pain &

functionality in pts w/ complex chronic lumbar pain vs. CS

L= WES Pain Pract. 2020 Jul;20(6):639-646.

21



Clinical Efficacy of Platelet-Rich Plasma

Factors in the Treatment of Mild

to Moderate Knee Osteoarthritis

A Randomized Double-Blind Controlled Clinical Trial
As Compared With Hyaluronic Acid

Yong-Beom Park,” MD, PhD, Jun-Ho Kim," MD, Chul-Won Ha,'$!* MD, PhD,
and Dong-Hyun Lee,” MD

Soree

or

ity (n = 128)

Exclusions (n = 18)
 Did ot meet incluson crteri (1 = 13)
« Withcrew consent (n =5

Randomized (n= 110)

The American Journal of Sports Medicine

Injection and Its Association With Growth 2021:49(2):487-496

=RCT, Level of evidence: 1

=110 patients with symptomatic knee
osteoarthritis received a single
injection of leukocyte-rich PRP or HA

=Follow-ups: 6 weeks, and 3 and 6
months

(n=55
B s . interventon (n= 55)

1 1

e B ———
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,,, P= 0035
w©

50

.m I I I

30

2

10

0

6 weeks 3 months 6 months

WPRP WHA

Figure 2. Patient Global Assessment scores for the PRP and
HA treatment groups. The scores at 6 months were higher in
the PRP group than the HA group. HA, hyaluronic acid; PRP,
platelet-rich plasma.
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Patients Experiencing Adverse Events
at the System Organ Class Level”

PRI HA
System organ class 60109 8109
Gastrointestinal disorders 1 0
General disorders and administration 3 0
site conditions
Injury, poisoning, and procedural 0 2
complications
Musculoskeletal and connective 1 5
tissuo disorders
Nervous system disorders 0 1
stipation 1 0
d term’
Tnjection site pain 2 0
Tnjection site swelling 1 0
Nasopharyngiti 1 2
Musculoskelotal pain 1 3
Backache 0 2
Headache 0 1

“Values are presented as No. (%). A, hyaluronic acid; PRP,
platelet-rich plasma.

The American Journal of Sports Medicine
2021;49(2):487-496
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Figure 3. The proportions of patients treated with PRP and HA wit
®)IKoC,

VAS (MCID = 199) KOG (M = 63)
et ot & montha S’ Vonta Cmonte.
c Total WOMAC (MCID = 9)

- ) The American Journal of Sports Medicine

2021;49(2):487-496

i scores above and below the MCID for the () VAS for pan,
the P

Universities Osteoarthits Index

group than the
HA group n the majory of only the 6-month v at
W : MCID, min

Vas, WOMAC,




Effect of Intra-articular Platelet-Rich Plasma vs Placebo Injection on Pain
and Medial Tibial Cartilage Volume in Patients With Knee Osteoarthritis
The RESTORE Randomized Clinical Trial  jama. 2021:326(20):2021-2030.
KimL Senmel, O, Ko L Pterson, PhD;Ber . Metcll 25c: Viek
Jesca Kasza,PRD:Yeanyuan Wang 1D Fiva Cautin PR

‘Anthany Harrs NSc; Sy P Yu, WPH Dayid Conn|L MM
Winhin Oo, PRD: David ) Hunter PHD.

Duong, DPT: Jilan Eyes, PO,
el Buchbindor PH: Ancrew Forbes, PhD:
s Linklatr, MBES: ing Hus Wang, PID:

= Placebo-controlled, triple-blind RCT

=288 participants with symptomatic medial knee OA
received 3 intra-articular injections at weekly intervals of
either leukocyte-poor PRP using a commercially
available product or saline placebo

=12-month follow-up

3/24/22

Table 2. Continuous Outcomes at Baseline and 12 Months by Treatment Group®
Values, mean (D)
Platelet-rich plasma (n = 144) Placebo (n = 144) Difference in change
Within-group Within-group  between groups,
Outcomes Baseline  12mo change Baseline  12mo change mean (95% C1)® Palue
Primary outcomes
Overall knee pain score~! 57(15) 3506 217  57(15) 3926 -18Q25)  -04(-091002) 17
Annual change in medial tibial -14(72)  -1402) -12(68) -12(68)  -02(-19t015) 81
cartilage volume, %°7
Secondary outcomes
Knee pain while walking* 5821 38@6) 2026 571 4128 -16Q28)  -04(-10t002) 21
Intermittent and Constant
Osteoarthrits Pain score®
Constant pain 67(41)  39(41) -28(48)  67(36) 39@44) -27(45  -01(-10t08) 84
Intermittent pain 106(41) 7446 -32(53) 10432 75(62 2948  -02(-13t008) 68
Knee Injury and Osteoarthrits
Outcome Score""
Pain 529(152) 680(182) 151(189) 535(135) 654(199) 119(176)  3.1(-08106.9) 12
Other symptoms 539(159) 67.2(189) 133(190) 533(166) 637(20.1) 104(170) 33(-05t07.1) 09
Function in daily living 587(169) 726(184) 13.9(189) 588(163) 714(197) 126(176) 13(-25t05.2) 49
Function insport and recreation  30.1(193) 45.2(253) 151(25.1) 260(187) 409(24.9) 149Q14)  19(-30t069) 44
Knee-related quality of life 338(158) 5L1Q01) 17205 342(168) 483(220) 141(197) 30(-13t07.3) 17
Assessment of Quality 072(015) 076(016) 0.04(013) 072(0.16) 076(0.17) 004(0.12) -000(-0.03t00.03) 91
of Life-8 Dimension score'!
ol JAMA. 2021;326(20):2021-2030.

26

Figure 2. Overall Knee Pain Individual Participant 12-Month Changes and Group Summary of Changes

10- 5
Worsened

Change in overall knee pain score

[&] inciviuat partiipant 12-mo change Inknee pan score (8] Group summary of changesInoveralknee aln scores

Improved |
I Plateletrich Placebo Platelel-rich Placebo
Platelet-rich plasma Placebo plasma

[

2 Months 12 Months

A group at each time point. Box tops and bottomsindicate the IQRs of the

[ down medians; and whiskers, furthest points within
(improved) to the 12-month values. B gesby  15xthelQRs. Thed:

JAMA. 2021;326(20):2021-2030.




Effect of Platelet-Rich Plasma Injections vs Placebo on Ankle Symptoms
and Function in Patients With Ankle Osteoarthritis
A Randomized Clinical Trial  JamA. 2021:326(16):1595-1605

LiamD. A Paget, MD; Gustaaf Reurink, PhD: Robert-Jan de Vos, 2HD: Adam Weir, PR Maarten H. Moen, Ph:
Sit2 M. A Bierma-Zeinstra, PhO) Soerd A S. Stufkens, PhO; Gino M. M. J. Kerihoffs, PhD; Jobannes L. Tol, Ph;
forthe PRIMA Seudy Group

o vt omtyon

=Multicenter, block-randomized, double-
blinded, placebo-controlled trial

=100 patients were randomly assigned (1:1) Gt
to receive 2 ultrasonography-guided intra-
articular injections of either PRP or saline
placebo

b et pranen
© e e

=26-week follow-up

8 Rarder s it

2 oo hkow i

3/24/22

Figure 2. Changes in the American Orthopaedic Foot and Ankle Society (AOFAS) Scoreiin a Study of the Effect of Platelet-Rich Plasma (PRP) Injections
Vs Placebo on Ankle Symptoms and Function in Patients With Ankle Osteoarthritis

[&] change in AOFAS score [B] Mean AOFAS score Were Placcho

75 100

1 E 65 ° %
. B ““‘!g\‘
2 i e = l ’
g 5 -

§ o 4
5 o
S 2
M -35 Il
s Pacebo PP Plaebo Suk 2w
ettt ekl Follow-up
Grun
PaIN\\VCeK. JAMA. 2021;326(16):1595-1605.
0wl bl b
U -

PAIN\\/EC JAMA. 2021;326(16):1595-1605.
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The comparison effects of intra-articular
injection of Platelet Rich Plasma (PRP),
Plasma Rich in Growth Factor (PRGF),
Hyaluronic Acid (HA), and ozone in knee
osteoarthritis; a one year randomized
clinical trial

Seyed Ahmad & ', Parsa
fohammad Fethi*® < anc

L ~al 3 & Vi’
BMC Musculoskeletal Disorders (2021) 22:134

G A

36 excluded because of excusion

9 it agree to partipate in

the study

=RCT; 12-month follow-up

1

OA randomized into 4 groups of intra
articular injections: HA (3 doses weekly),
PRP (2 doses with 3 weeks interval),
plasma rich in growth factors (PRGF; 2

= 238 patients with mild to moderate knee X .
= = ==

doses with 3weeks interval), or Ozone (3

doses Weekly) 49 (83%) 52 (88%) 51 (85%) 48 (80%)
L compieted | I compieted | [ compieted | [ completea
Nwee Study Study Study Study
Test of Within-group effects Test of between-group effects
10
o PRP = PRe
8 -+ PRGF = PRGE
g, vmoE -
% - 0e & - CZoNE
§¢ 3
2
Baseline 2" 5 12" Baseline 2 e 2"
Time(months) Time(months)

eginning, and 2, 6 and 12 months of follow ug

Fig. 2 Bar chart of the VAS score within and betiseen the groups at

NVWVeeK BMC Musculoskeletal Disorders

(2021) 22:134
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Intra-Articular Platelet-Rich Plasma Combined With
Hyaluronic Acid Injection for Knee Osteoarthritis Is
Superior to Platelet-Rich Plasma or Hyaluronic Acid
Alone in Inhibiting Inflammation and Tmproving Pain
and Function
Zhe Xu, M.D., Zhixu He, Ph.D., Liping Shu, Ph.D., Xuanze Li, M.D., Minxian Ma, M.D., and
Chuan Ye, Ph.D.

Arthroscopy: ‘the Journal of Arthroscopic and Related Surgery, Vol 37, No 3 (Marchj, 2021: pp 903-915

=Prospective cohort study
=Level of Evidence: Il
=122 knees (78 patients with knee

osteoarthritis) were randomly divided into
HA, PRP, and PRP+HA groups

3/24/22
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>

Pain Level VAS

Time (month)

Fig 3. (A, B, C, D) The VAS,
WOMAC,  Lequesne, and
Lysholm scores at each follow-
up time point. (HA, hyaluronic

c D Time (month) acid; PRP, platelet-rich plasma;
ﬂ VAS, visual analog scale;
10 o m WOMAC, Western  Ontario
= lud ol 1 I % ] ©H,  and McMasier Universities
o ] . Osteoarthritis Index.)
. 1
§ . % . ’f\§<r > PREVHA
H 2
5 § —
in HO
5 L
60 3
? Ed Preop [ 6 12 E

Arthroscopy: he Journal of Arthroscopic and Related Surgery, Vol 37, No 3 (Marchj, 2021: pp 903-915

3/24/22

Table 3. Comparison of Treatment Complications Among the

Three Groups

Complications HA PRP PRP+HA P Value
Infection 0 0 0
Fever 0 0 0
Joint swelling 1 4 0
Pain after injection 0 5 2
Hematoma 0 0 0
Rash 0 0 0
Muscle atrophy 0 0 0
Venous thrombosis 0 0 0
Incidence 134 940 2/48 P =.008

NOTE. Comparison of treatment complications among the 3 groups
(Fisher exact test = 9.12, P = .008). The incidence of complications in
the PRP group was greater than that in the HA and PRP+HA groups
(P=.02; P= .02, respectively), and there was no significant difference

between the HA group and PRP-IIA group (P = 1.00).
HA, hyaluronic acid; PRP, platelet-rich plasma.

LINSSe Arthroscopy: The Journal of Arthroscopic and Related Surgery, Vol 37

No 3 (March), 2021: pp 903-915
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Platelet-Rich Plasma-Derived Growth Factor vs f:’“d Ahmad Racissadat'

zadeh Gharooee Ahangar®

Hyaluronic Acid Injection in the Individuals with seyed Mansoor Rayegani '
5 : >
Knee Osteoarthritis: A One Year Randomized ~ |lermmdrezMaorSajad:

Clinical Trial

=Single-masked RCT

=102 participants with
symptomatic knee
osteoarthritis

=Received 2 intra-articular
injections of PRP-derived
growth factor (PGRF) 3

weeks apart, or received 3

weekly injections of HA
=12-month follow-up
NVVEESK.

Adel Ebrahimpour

Journal of Pain Research 2020:13 1699-1711

Frp— Diabetes Melltus (1+47)

Excluded(n=92) 1ATin past 3 months(n=9)
Anti-coagulant therapy(n=4)

inknees(n=11)

Loss of follow upln=3) 60PRGE 59HA
Total Knee arthroplasty(n=2)
1Al ozon therapy(n=1)

Soes. %) s288.1%) Physical therapy(n=2)

Completed the Increased Knee pain(n=2)

study and 12

months ollow up.

2
Physical therapy(n=
Completed the
study and 12
months follow up.

More than 20 degree of varum or valgum

36
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Eetimated Mgl Means

Estimated Margina Means

e WOPA. W vas

Table 4 Rate of the Patienc’s Satisfaction 12 Months Post-Inj@Ction e « e o s s e st e 2ot o 1o 136 s s s

PRGF | HA P-value | Statistical
Test

Very Poor | 11 (21.6%) | 59.8%) | 0001> | Mann-Whitney

Poor 7(137%) | 22 (43.1%)

Regular | 11 (21.6%) | 10 (19.6%)

Good 17 333%) | 6(118%)

Very Good | 11 (21.6%) | 2 (3.9%)

PaIN\\VCEK. Journal of Pain Research 2020:13 1699-1711

3/24/22
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Corticosteroids or platelet-rich plasma
injections for rotator cuff tendinopathy: a
randomized clinical trial study

Haleh Dacgostar’, Fa
Dadgostar et al. Journal of Orthopaedic Surgery and Research (2021) 16:333

ahimipour , Alireza Pahley Peyman Arasteh® and Mohammad Razi®

=Double-blind RCT; 3-month follow-up
=58 patients with diagnosis of rotator cuff tendinitis randomized:

—PRP group (n=30): 3cc of PRP was injected within the subacromial joint and another
3cc was injected at the site of the tendon tear, under the guide of sonography

—Corticosteroid group (n=28): 1cc of Depo-medrol 40mg and 1cc of lidocaine (2%)
was injected within the subacromial joint

PaiN\\VeeK

38

‘Table 2 Comparison of PRP and corticoste

ups during a 3-mont

Variables Groups
PRP Corticosteroid palue  Fisher Effect
value  size

Basel 1t Month __3rd Month __Baseline 15t week 3rd Month

[FIYWSSd  Dadgostar et al. Journal of Orthopaedic Surgery and Research (2021) 16:333

39
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Fulong Li, MS identified in

Chuanbin Wu, MS PubMed/MEDLINE (1 - 144

Haijiang Sun, MS l

Qing Zhou, DDS, PhD ‘ Records obtainec r excluding duplicates (n = 141) ‘
Effect of Platelet-Rich Plasma Injecti on Pain R i Records exchuded 0 = 131

in Patients with Temporomandibular Joint Osteoarthrosis:
A Meta-Analysis of Randomized Controlled Trials

J Oral Facial Pain Headache. 2020 Spring;34(2):149-156.

=Meta-analysis including 6 RCTs to determine

the effect of PRP injections on pain reduction e s
in patients with temporomandibular joint

osteoarthritis

3/24/22

PRP Control
_RP Corl  weight
Study or subgroup Mean SD Total Mean SD Total (%) Mean difference (95% CI)
ComertKiigand Ginmormis® 102 188 18 054 087 13 170 048(-051,147) S
Hanc et al 007 027 10 276 148 10 175 -269(-362,-176)  —e—
Hegab et al 04 07638 25 164 135 25 201 -1.24(-185,-063) -
Ferandez Sanromén etal 12 19 42 15 23 50 181 -030(-116,056) —
Fernandez-Ferro et al'® 155 19 50 22 143 50 1, —
Comert Kilig et al'® 102 188 18 243 408 12 —_—
Total (95% C)) 163 160 1000 -093(-175,-0.10) -
= 25.40,df = 5 (P = 0001);” = 80%. -4 2 2
Favors PRP__ Favors control

Fig 2 Forest plot of comparison of pain outcomes between PRP and control groups i all six included RCTs.

N\VVEEK. J Oral Facial Pain Headache. 2020 Spring;34(2):149-156.
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PRP Placebo
Study or subgroup Mean SD Total Mean SD Total
6 mo postinjection

HA
Mean SD

Study or subgroup
Kil and Gunmormog
etal

dex-Fr
Sublotal (95% CI)

Fig 3 Forost plot of comparison of pain outcomos for (a) PRP vs placabo at 6 and 12 months postinjoction and (b) PRP vs HA at 12
months postinjoction.

NVVEC!

J Oral Facial Pain Headache. 2020 Spring;34(2):149-156.
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Currently Available Biologics (MSC)

= Mesenchymal stem cells or medicinal signaling cells (MSC; progenitor cells) —
cell therapy

= Lack of MHC-II — conforms to variety of cellular environments without risk for
rejection during allogenic transfer

= Derived from various tissues: bone-marrow, adipose, exosomes, A2M, etc
= Stimulates differentiation of host tissues into necessary components
= To be classified as a medical signaling cell MSCs must:

1) Be capable of division and self-renewal for long periods of time

2) Unspecialized

3) Can give rise to specialized cell types

PaiN\\eeK

3/24/22

43

Currently Available Biologics (MSC)

= Local paracrine influence (e.g. catabolic cytokines) alters differentiation and thus
efficacy of MSC

= MSC require lower local levels of inflammation to have their desired anabolic
regenerative effects

= Most effective in degenerative diseases — environments with little active
inflammation (contrasted with PRP)

= Several well designed animal studies have demonstrated 1 disk height following
treatment w/ MSCs

PaiN\\VeeK
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MSC Variables

= MSC sources (BM, adipose, organ, cloned, etc) — source-dependent activities
= Importance of origin (tissue type & location)

= Differences in immunophenotype, cytokine profile, proteome analysis
= Equivalency of MSC populations derived from distinct anatomic origins is debated

= BM-derived MSC — most commonly utilized type of adult stem cells; home to site of
injury well, integrating into host marrow, bone, and cartilage; osteogenic potential

= Adipose MSCs — pro-angiogenic properties (potential for benefit in less vascular
regions, e.g., avascular zone of knee meniscus)

= Cloned human MSCs isolated from fat — default to adipogenic potential

= Variation & Mixture of MSCs (tissue source & location) — may provide best outcome

PaiN\\eeK
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Production of Bone Marrow Concentrate (BMC)

= Bone marrow aspirate is first centrifuged

= This process results in 3 layers with the plasma in
the supernatant, the buffy coat in the middle, and

the red blood cell layer in the infranatant Plasma
= To create BMC, the buffy coat is isolated which
contains MSCs Bulty Coat =

= MSCs are largely credited w/ the therapeutic
potential of BMC to treat musculoskeletal pathology  geq sioes celis
due to their differentiation ability

Heliyon 4 (2018) 00871

PaiN\\eeK
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BM-MSC Background Information

= MSCs have been shown to induce endogenous
stem cell activity

= They secrete bioactive factors that promote
tissue healing

= BM-MSC facilitate the regeneration of
damaged tissue and have lead to the
development of many new therapies

hitps:/

ct%2Fhuman-mesenchymal-stem-cells-

hmsc%2F&psig=AOWaw19]1UEVAETLNBETTMVE1_8ust=15960383317350008s0urc
JiZKS0800CF D

PaiN\\VeeK
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Intralesional Injection of Bone
Marrow Aspirate Concentrate for the
Treatment of Osteonecrosis of the

MSC Role in Repair of Injured Bone KnseSscondary to Systemic Lupus

= Bone marrow is a multifunctional mixture of RBCs, platelets, and nucleated cells
that include multipotent stem cells and progenitor cells
= Nucleated cells within this mixture have hematopoietic, angiogenic, and
osteogenic potential
= Intraosseous injection of BMC can help heal a fracture by replenishing the native
and healthy cellular con:ggﬂzion of the normal bone
)

TREATHENT POST-TREATMENT

9

PaIN\\/ECK e L s Front Biosng Biolechnol. 2020, : 202
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Review Article

Stem Cells for Cartilage Repair: Preclinical Studies and Insights in

BM-MSC Role in Repair of Translational Animal Models and Outcome Measures
Cartilage

Merckx 5, Jesica Ratajezak,’ Pascal Gervois,
er Clegs,” Amnlics Bronckacrs' Jean-Michel Vandeweerd.”

o
= Injury to cartilage can naturally expose the subchondral bone marrow
= |n the marrow are a variety of cellular components such as MSCs and a variety of
growth factors (GF) that assist in healing and repair

= Cartilage repair also involves GFs which all play different roles and lead to the
process chondrocyte differentiation of MSCs

PaiN\\eeK
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Techniques Using MSC to Repair Cartilage

= Surgical micro drilling techniques used to treat cartilage lesions which initiates
a healing response by releasing healing cells from the subchondral plate

= However, this type 1 cartilage is fibrous and is not the original type 2 hyaline
cartilage

= BMC therapy has been shown to produce type Il cartilage hyaline cartilage
which has the original tissue strength

PaiN\\VeeK
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Pathophysiology of . e o

Degenerative Disc Disease Intervertebral Disc Nucleus Repair: Hype or Hope?

Gaur Tendulkar, Tao Chen ), Sabrina Ehmert, Hans-Peter Kaps and Andreas K Nussier *

= Degeneration of the intervertebral discs is one of the leading causes of
chronic LBP

= During the degenerative process discs undergo morphologic changes leading
to tears and dehydration

Normal disc Early degenerative Late degenerative

change

PaiN\\ecK

Int. | Mal. Sci 2019,20,362;
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BMC to Treat Degenerative
Intervertebral Disc Nucleus Repair: Hype or Hope?

Gaur Tendulkar, Tao Chen ", Sabrina Enert, Hans-Peter Kaps and Andreas K Nussler *

Disc Disease
= BMC Tx’s in DDD repopulate the IV-disc
and restore functional tissue 2 fiogmons o ploke
annulus_ 2
fibrosus
= BM-MSCs have also been shown to P b ]
differentiate into nucleus pulposus-like cells ~ collagen . proteoglycans ooliagen
and stimulate production of a new cell REGENERATIVE STRATEGIES
matrix aml~mllavr:r:;:::;,;:ntnn plomaterials .
PaiN\\/2cK Int. J. Mol. Sci. 2019, 20, 3622;
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BMC to Treat Spinal Fusion

= BM-MSCs that have been modified genetically to express specific genes &
differentiate into terminal cells are also currently being investigated for spine fusion.

= BMC MSCs with the ability to differentiate into adipocytes, osteoblasts, &
chondroblasts provide an important source of bone formation to enhance spinal

fusion

PaiN\\VeeK
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. Cell-Based Therapies for Lumbar Discogenic
Outcomes of MSC Used in |, gack pain : _ :
Disc Injections s w SpReIIEET

= Wu et al. reported the results of 6 studies with a 44.2-point decrease in pooled

D" Yan D and fian-hua

MD."

mean pain scores

= In addition there was a 32.2 point pooled mean difference in the ODI w/ no

adverse effects

= Based on multiple systematic reviews, as well as randomized and
nonrandomized studies, there is level lll evidence for intradiscal injections of

BMC.

PaiN\\eeK
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BMC-MSC for the Treatment of Hip Disorders

= Evidence supports the use of BM-MSCs for the treatment of osteonecrosis of
the femoral head

= Patients reported improved pain and MRI showed evidence of regeneration
after BM-MSC treatment

= Chahla et al. showed in a review article the successful use of BMC for hip
osteoarthritis with good clinical results and no adverse effects reported

PaiN\\eeK
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ags R s
MSC for Knee Osteoarthritis P
L v
SN Patifannaton Recrimentof
= It was concluded that intraarticular MSCs provided o o s
improvement in pain and function in knee
osteoarthritis

= BM-MSCs also showed efficacy for cartilage repair
in osteoarthritis
= 2 recent RCTs have showed BMC injections to treat knee osteoarthritis

= Centeno et al. published a randomized, cross-over trial of high-dose BMC injected
vs. physical therapy, which showed excellent results compared with control

= Overall, the evidence is highest for knee osteoarthritis with level Il evidence-based
on multiple trials and systemic reviews

PaiN\\VeeK
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Intervertebral Disc Repair by Allogeneic
Mesenchymal Bone Marrow Cells: A Randomized
Controlled Trial

C

F
M

,

= Aim: To determine the efficacy of allogenic BM-MSCs in the treatment of degenerative
disc disease

= 24 pts diagnosed w/ lumbar disk degeneration were randomized into into 2 groups

= The test group received allogeneic BM-MSCs by intradiscal injection of 25x10 cells
per segment under local anesthesia

= The control group received a sham infiltration of paravertebral musculature w/ the
anesthetic

= Clinical outcomes were followed up for 1 year & included evaluation of pain, disability
& quality of life; disc quality was followed up by MRI

PaIN\\/CeK (Transpiantation 2017;101: 1945-1951)

57
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Intervertebral Disc Repair by Allogeneic g™ F7 Control
Mesenchymal Bone Marrow Cells: A Randomized T o e
Controlled Trial £ g
» ' 5§ . é 50
- B i T
Control (©.4) +MSC (@A) = =
00 1 4 Evolution Time (months) Evolution Time (months)
c
w MSC-reated s Gontrol
5 P‘: o
. o e -
= ~
= 3
g .

o Evolution Time (monthe)
o (o |2

<o
Primary Outcome: There was a clear analgesic
effect of the allogeneic MSC on average, 28%
improvement in pain and disability 1 year after the
intervention vs. only 15% recovery in the sham- ~ months
treated controls

Evolution Time (monthe)

Both lumbar pain and disability were
significantly reduced @ 3 months after MSC
transplantation, and maintained @ 6 and 12

Conclusions: Allogeneic MSC therapy was
The improvement was statistically significant in shown to provided pain relief, and improve disc

the cell-treated group but not in the control group. quality in pts with DDD
(Farplriaion 2017:101: 1945-1351)

3/24/22
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Intra-Articular Injection of A I Adi
Tissue-Derived Mesenchymal Stem Cells for the
Tr 1t of Knee O: th : A Phase llb,
Randomized, Placebo-Controlled Clinical Trial

W00-SuUK LEE 9,° HWAN JIn Kin, ™ KanG-IL Kim ©,%< Gi Beom Kim 2,% Wook Jin
A

= Aim: to determine the efficacy and safety of s

= Methods: MSCs were administered to 12 patients
(MSC group), and the group was compared with 12 Bacine M M

to a significant improvement of the WOMAC score e W 4
@ 6 months.

= There was no significant change in WOMAC score
in the control group

adipose-derived (AD)-MSCs for patients w/ knee OA fz li‘i‘, # Contral

knees with injection of normal saline (control group) ¢
the patients were followed up for 6 months. t \L’f” pa—
L]
= Primary outcome: Single injection of AD-MSCs led : o= 0007 e

pecs

1 T

pecon

Basine M 6

p=76

4 Control
w wscs

4 Control
[RES

peton

o
Bagine M 6

STEM CELLS TRANSLATIONAL MEDICINE 2013:8504-511

Intra-Articular Injection of A di
Tissue-Derived Mesenchymal Stem Cells for the
Treatment of Knee Osteoarthr A Phase llb,
Randomized, Placebo-Controlled ical Trial

'WOO-SUK LEE 7" HWAN Jin Kin, ™ KANG-IL Kim (0,% Gi Brom Kim ©,"< Wook SN

= Pain scores were significantly reduced

= No adverse effects were reported in either group

= In MRI, there was no significant change of
cartilage defect @ 6 months
in MSC group, whereas
the defect in the
control group was 1

58880

o s am

STEM CELLS TRANSLATIONAL MEDICINE 2019,8504-511
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[FTicacy and safety of adult human bone marrow-
derived, cultured, pooled, allogeneic mesenchymal

stromal cells (Stempeucel®): preclinical and clinical
trial in osteoarthritis of the knee joint

= Aim: to determine the safety and
effectiveness of allogenic
mesenchymal stromal cells for
knee OA

= 60 OA pts were randomized to -
receive different doses of BM- i )
MSC (25, 50, 75, or 150 million ~_Primary outcomes: B
cells) or placebo = Improvement was seen in the 25-million-cell dose

= MSCs were administered by group in all subjective parameters (VAS, ICOAP,
injection into the knee joint, and WOMAG-OA scores) o
followed by 2 ml hyaluronic acid * The only adverse effects reported were injection

o site pain and knee swelling

IN\/\/eeK Arthritis Research & Therapy (2016) 18:301

3/24/22
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Intra-articular injection of two =
different doses of autologous bone marrow
mesenchymal stem cells versus hyaluronic -

acid in the treatment of knee osteoarthr:
multicenter randomized controlled clin
trial (phase I/11)

= Aim: To determine the effectiveness of different doses
of BM-MSCs long term in patients with knee OA

= 30 pts w/ knee OA were randomly assigned to control
group, intraarticularly administered hyaluronic acid
(HA) alone, or to 2 treatment groups, HA together w/
10x106 or 100x106 cultured BM-MSCs

Primary outcomes:

= BM-MSCs-administered patients improved
according to VAS, median value

= After an initial 12 month FU up they were seen again 4* (IQR) for Control, Low-dose and High-
years and AE and clinical evolution were recorded dose groups changed from 5 (3, 7), 7 (5, 8)

and 6 (4,8) 107 (6, 7), 2 (2,5) and 3 (3, 4),

respectively

ITransl Med (2016) 14:246

62

Intra-articular injection of two - Overall
different doses of autologous bone marrow s
Imesenchymal stem cells versus hyaluronic .
acid in the treatment of knee osteoarthritis:
long-term follow up of a multicenter

d ized trolled cl I trial (phase I/11) . o

WOMAC
0

= At the end of follow up (Low-dose vs. Control ] B
group, p=0.01; High-dose vs. Control group, T |

p=0.004). Patients receiving BM-MSCs also <
improved clinically according to WOMAC

Control Low-dose High-dose

B Baseline
[ 3 months
[ 6 months.
12 months.
Post-trial follow-up

= Conclusions: intraarticular injection of
autologous BM-MSCs is a safe procedure that
results in long-term clinical and functional
improvement of patients with OA of the knee

JTransl Med (2018) 16:213
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Treatment of lumbar degenerative "1
disc disease-associated radicular pain
with culture-expanded autologous °
mesenchymal stem cells: a pilot study on safety
and efficacy |
Christopher Centeno'?, Jason Markle', Ehren Dodson® ®, lan Stemper?, Christopher J. Williams'

5

Matthew Hyzy', Thomas lchim’ and Michael Freeman’

= Aim: To determine the effectiveness of
autologous MSCs for the treatment of DDD

= 33 pts. w/ LBP and disc degeneration were o
treated with autologous bone marrow-derived
MSCs Poseatment Tme P

=Measured outcomes included NPS, a modified + NPS change scores relative to baseline
single assessment numeric evaluation (SANE) were significant @ 3, 36, 48, 60, and 72

rating, functional rating index (FRI), months post-treatment
measurement of the intervertebral disc posterior

dimension

AL

FELLL AL

= The average modified SANE ratings
showed a mean improvement of 60% at 3
PaiN\\/eeK. years post-treatment JTrans/Med (2017) 15:197

3/24/22
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Treatment of lumbar degenerative
disc disease-associated radicular pain
with culture-expanded autologous
mesenchymal stem cells: a pilot study on safety 1%
and efficacy -

Christopher Centeno'Z, Jason Markle', Ehren Dodson @, lan Stemper?, Chistopher
Matthew Hyzy', Thomas chim” and Michael Freeman

Wilkars',

5%

= FRI post-Tx change score avg. exceeded the min
clinically important difference @ all time points except
12 months

= On post-Tx MRI 85% had a reduction in disc bulge
size, with an avg reduction size of 23%

Percentage of Patients
g
2

2%

= Conclusion — the use of BM-MSCs lead to
significant improvements in pain, function, and overall |
subjective improvement through 6 years of follow-up 0% >5% >10% >15% >20% >25% >30% >35%
Bulge Disc Size Reduction Threshold

PaIN\\/ecK. JTransiMed (2017) 15:197
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Autologous bone marrow concentrate intradiscal
injection for the treatment of degenerative disc
disease with three-year follow-up

Kenneth A Pettine 1, Richard K Suzuki 2, Theodore T Sand 2, Matthew B Murphy 3 4

= Aim: To assess safety and feasibility of intradiscal (BMC) injections to treat low back
discogenic pain as an alternative to surgery

= 26 pts suffering from DDD were injected with 2 ml autologous BMC into the nucleus
pulposus of treated lumbar discs

= A sample aliquot of BMC was characterized by flow cytometry and CFU-F assay to
determine cell accurate cell content

= Improvement in pain and disability scores and 12 month post-injection MRI were
compared

Int Orthop. 2017 Oct;41(10):2097-2103
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Autologous bone marrow concentrate intradiscal
injection for the treatment of degenerative disc
disease with three-year follow—up

Kenneth A Pettine ?, Richard K Suzuki 2, Theodore T Sand 2, Matthew B Murphy 3 #

= Primary outcomes: After 36 months, only 6 pts. progressed to surgery

=1 year MRl indicated 40% of patients improved one modified Pfirrmann grade and no
patient worsened radiographically.
= Average CD34+ of 1.82 million per ml in the BMC. Patients with greater

concentrations of CFU-F (>2000 per ml) and CD34+ cells (>2 million per ml) in BMC
tended to have significantly better clinical improvement.

= Conclusions: this study provides evidence of safety and feasibility of intradiscal

BMC therapy as a surgical alternative, the study showed that greater concentrations
of cells in BMC also lead to improved clinical results

PaiNVVeeK Int Orthop. 2017 Oct41(10:2097-2103
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Safety and tolerability of intradiscal implantation of
combined autologous adipose—derived mesenchymal
stem cells and hyaluronic acid in patients with
chronic discogenic low back pain: 1-year follow—up
of a phase I study

Hemant Kumar 1, Doo-Hoe Ha 2, Eun-Jong Lee 3, Jun Hee Park 4, Jeong Hyun Shim ¢, Tae-Keun
Ahn ®, Kyoung-Tae Kim ©, Alexander E Ropper /., Seil Sohn 7, Chuna-Hun Kim #, Devang Kashyap
Thakor ®, Soo-Hong Lee 1©, In-Bo Han 11

= Aim: determine safety & tolerability of adipose tissue-derived MSCs (AT-MSCs) for Tx
in pts w/ chronic discogenic LBP

= 10 total patients — chronic LBP (=3mo), pain (VAS) =4/10, disability (ODI) =230%
= All pts received: 1 intra-discal injection of HA + autologous AT-MSCs
Lower-dose grp: HA + 2x107 cells/disc
Higher-dose grp: HA + 4x107 cells/disc

= Outcome measures: Pain (VAS), functionality (ODI), & any tolerability issues or
adverse events related to Tx w/12mo FU

Stem Cell Res Ther. 2017 Nov 15;8(1):262

68
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= No adverse effects or tolerability issues reported

= Single injection at L4/L5 for all pts, = In 6/10 pts pain and functionality improved significantly
additional L5/S1 for pt #6 = No significant differences observed btw the 2 groups
of differing AT-MSC dose

Conclusions:

= Combined Tx with HA & autologous AT-MSCs is safe &
tolerable. Further studies needed to better assess
efficacy

PaIN\\/EC| Stem Cell Res Ther. 2017 Nov 15;8(1):262.
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Bone Concentrate (BMC) Therapy in e o ot ™ °°
Musculoskeletal Disorders: Evidence-Based Josus . Hieh, MO, Aan . Kape, MO, P, Steve M. ydr, 50, Gougas Beal MO,
Policy Position Statement of American Society of urer cicires uo. rernets 0 Cando. 1D, Comeren e O Rears Lachav: 0.

r I Pain Physicians (ASIPP) e topher . oo, W ironk uta o . oy e, 1 1 G,

Ian Stempe: MS, Bradle; W. Warga, DO, and Philppe Fermiges, MD

Table 4. Characteristics of MSCs and minimally manipulated cell preparations of BMC.

Cell Type Definition

MSCs ‘Three minimum characteristics:

1. Capable of division and self-rencwal for long periods of time
2. Unspecialized

3. Can give rise to specialized cell types.

red for use

BMC, minimally autologous cell | €]
preparations

Processing must not alter the relevant biological characteristics of cells or tissues
Mixed cell populations, with variable composition

Stem or progenitor cells may be present at lower prevalence

Biological attributes and function highly variable

Pain Physician 2020; 23:E85-E131

3/24/22

Bone Marrow Concentrate (BMC) Therapy in Pain Physician 2020; 23:E85-E131
Musculoskeletal Disorders: Evidence-Based

Policy Position Statement of American Society of

Interventional Pain Physicians (ASIPP)

= Statement 1 Based on a review of the literature in discussing the preparation of BMC using accepted
methodologies, there is strong evidence of minimal manipulation in its preparation, and moderate
evidence for homologous utility for various musculoskeletal and spinal conditions qualifies for the same
surgical exemption.

= Statement 2 Assessment of clinical effectiveness based on extensive literature shows emerging
evidence for multiple musculoskeletal and spinal conditions.

—The evidence is highest for knee osteoarthritis with level Il evidence based on relevant systematic
reviews, randomized controlled trials and nonrandomized studies. There is level |ll evidence for
knee cartilage conditions.

—Based on the relevant systematic reviews, randomized trials, and nonrandomized studies, the
evidence for disc injections is level lll.

—Based on the available literature without appropriate systematic reviews or randomized controlled
trials, the evidence for all other conditions is level IV or limited for BMC injections.

INV\VeeK
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Bone Concentrate (BMC) Therapy in Pain Physician 2020; 23:E85-E131
Musculoskeletal Disorders: Evidence-Based

Policy Position Statement of American Society of
Inter i I Pain Physici. (ASIPP)

= Statement 3 Based on an extensive review of the literature, there is strong evidence for the safety of
BMC when performed by trained physicians with the appropriate precautions under image guidance
utilizing a sterile technique.

= Statement 4 Musculoskeletal disorders and spinal disorders with related disability for economic and
human toll, despite advancements with a wide array of treatment modalities.

= Statement 5 The 21st Century Cures Act was enacted in December 2016 with provisions to accelerate
the development and translation of promising new therapies into clinical evaluation and use.

= Statement 6 Development of cell-based therapies is rapidly proliferating in a number of disease areas,
including musculoskeletal disorders and spine. With mixed results, these therapies are greatly
outpacing the evidence. The reckless publicity with unsubstantiated claims of beneficial outcomes
having putative potential, and has led the FDA Federal Trade Commission (FTC) to issue multiple
warnings. Thus the US FDA is considering the appropriateness of using various therapies, including
BMC, for homologous use.

PAINV\/eeK.
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Bone C -ate (BMC) Tt py in
Musculoskeletal Disorders: Evidence-Based
Policy Position Statement of American Society of
Inter i I Pain Physici. (ASIPP)

Pain Physician 2020; 23:E85-E131

= Statement 7 Since the 1980’s and the description of mesenchymal stem cells by Caplan et al, (now
called medicinal signaling cells), the use of BMC in musculoskeletal and spinal disorders has been
increasing in the management of pain and promoting tissue healing.

= Statement 8 The Public Health Service Act (PHSA) of the FDA requires minimal manipulation under
same surgical procedure exemption. Homologous use of BMC in musculoskeletal and spinal disorders
is provided by preclinical and clinical evidence.

= Statement 9 If the FDA does not accept BMC as homologous, then it will require an Investigational
New Drug (IND) classification with FDA (351) cellular drug approval for use.

= Statement 10 This literature review and these position statements establish compliance with the FDA's
intent and corroborates its present description of BMC as homologous with same surgical exemption,
and exempt from IND, for use of BMC for treatment of musculoskeletal tissues, such as cartilage,
bones, ligaments, muscles, tendons, and spinal discs.

3/24/22

Improved outcomes after mesenchymal stem cells injections for knee
osteoarthritis: results at 12-months follow-up: a systematic review
of the literature  Archives of Orthopaedic and Trauma Surgery (2020) 140:853-868

Filippo Mi
Jorg Eschweiler'

-Bjorn Rath' - Giorgia Colarossi - Arne Driessen’ - Markus Tingart' - Marc Niewiera® -

= Hypothesis: stem cell therapy is a viable option for idiopathic knee OA, delaying or avoiding joint replacement

= Systematic Review with 18 studies included, n = 1069 treated knees
Table2 Overall results of the comparisons

Outcome Baseline ©Months 12 Months Esimated ffet 1V, Random [95% confidence nterval]
Men  SD Mem 5D Men  SD 06 Months ” 0-12 Months »
Vas 5528 183 2566 U500 2008 9154 3098(26071037.89] <0001 3691 (3039104343 <0001
WOMAC 2566 1500 3465 47 2495 W43 2523(1493w03553] <0001 1560[10.101021.10] <0001
Wilking Disnce 7190 2841 31024 16069 533 2031 1S222(-3090310458] 006 3672(-696.541063.10] 010
Leguesne Scale nw6 19m w0 190 1290[-1.351027.15] 008
[EXTRE T S 1356 BAT(IST80-3272) 049 1894127000 1085) <0001
520 s e 1499 1040[1985100.92] 003 1414213510693 o001
st s 534 1499 21300296910 1291] <0001 2203293910 1467) <0001
80 s 4n 1602 175012631109.29] <0001 21.54[2884 0 1424 <0001
46 00 896 AN B6O[327101293) <0001 2307 (321010 1404) <0001
B0 60 1 1701 14301441 02419] 0005 140713898 0 -1084] 0z
Allogencic mesenchymal precursor cells treatment for
chronic low back pain associated with degenerative disc
disease: a prospecti d 1, placeb lled
36-month study of safety and efficacy
Kasra Amirdelfan, MD**, Hyun Bac, MD". Tory MeJunkin, MDY, o Asessd o Evgiy (0e148)
Michs " Kee Kim, MD", William J. Beckworth. MD', .
Gary Ghiselli, MDD¥, James Scott Bainbridge. MD*", Randall Dryer, MD', it o ank
Timothy R. Deer, MD', Roger D). Brown, BA Aniroctrin
The Spine Journal 21 (2021) 212—230 Mt
= Multicenter RCT to evaluate a single Sendomeed 2008
intradiscal injection of STRO-3+ adult
allogeneic mesenchymal precursor cells 1 l e l Vo
(MPCs) combined with hyaluronic acid S G v e oA ek
(HA) in subjects with chronic low back —
pain iated with deg ive disc 1 r
a0 ;030 et pareeh
disease, through 36-month follow-up jRtepeniait i v Vit | - Wb ot 5)
Cmertoty
= Treatment groups: 6 million MPCs with
HA, 18 million MPCs with HA, HA vehicle l l e l
control, or saline control o | onetiia S |
LD an el a0 | 32 v et 8500 LD Ner e s | 12w e a7
L e (16,3008 | < 2 mahats 720N perimere o e ]
IN\V\/eeK C Mt eei300%) | = 3w et 700%) pitmeri-Cr et}

75

25



Event Free Survival

‘Time to Treatment Failure (Months)

Treatment Group
Hyaluronic Acid Control (1-20)
18M MPCs Treatment (n=30)

Saline Control (n=20)
— 6M MPCs Treatment (n=30)

nce between the
e 6 million MPC group had fewer

lysis of the time to first PTUfailure shows a "

nd HA control groups through 36 months wh

Fig. 2. Time to post-tre interver
treatment groups. The 18 million MPC group was superior to the
PTIs than both controls.

NVVEC!

The Spine Journal 21 (2021) 212—230
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Fig. 10. MIC and CSC composite responders. Composite responder analyses evaluated the reduction in both VAS and ODI scores with no PTI usin
respective MIC and CSC thresholds. For the MIC thresholds, I8 million MPC was superior (%) to saline at 12 months while 6 million MPC was superior to
saling 4 months. For the CSC thresholds, 6 million MPC was superior to saline at 6 and 12 months.
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Clinical Efficacy of Intra-articular
Mesenchymal Stromal Cells
for the Treatment of Knee Osteoarthritis

A Double-Blinded P i i Controlled
Clinical Trial

Jaime R. Garza," MD, Richard E. Campbell,' BS, Fotios P. Tjoumakaris,! MD.
Kevin B. Freedman, MD, Lawrence S. Miler,} MD, Daniel Santa Maria % MD,
and Bradford S. Tucker, ! MD
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=Multisite prospective double-blinded
randomized placebo-controlled, Level of
evidence: 1
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=39 adult patients with symptomatic knee ~[[r=oeee
OA randomized to high-dose stromal l
vascular fraction (SVF), low-dose SVF, [ :
or placebo (1:1:1)
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A Median Percentage WOMAC Change from Baseline to 1 Year

Previously Published WOMAC Percentage
Change for MCID Calculation”

Percentage
Change From
Treatment Baseline at 6 mo Participants, n
“Total knee arthroplasty™ "' 54 1451 et
Corticosteroids™ '™ 26 2 . nf‘ R v
Hyaluronic acid'1%2% 33 bl st e
Normal saline' " 22
8 Median Total WOMAC from Baseline to 1 Year
“MCID, minimal clinically important difference; WOMAC,
Western Ontario and McMaster Universities Osteonrthritis Index.
H
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Do Regenerative Medicine Therapies Provide
Long-Term Relief in Chronic Low Back Pain: A
Systematic Review and Metaanalysis

Jaya Sanapati, MD', Laxmaiah Manchikanti, MD2, Sairam Atluri, MD?, Sheldon Jordan, MD*
Sheri L. Albers, DO*, Miguel A. Pappolla, MD, PhD*, Alan D. Kaye, MD, PhD,
Kenneth D. Candido, MD?, Vidyasagar Pampati, MSc’, and Joshua A. Hirsch, MD®

= The systematic review focused on all types of evaluations of PRP and stem cell injections

= The primary outcome measured was relief of pain and the secondary outcome measured
was functional status improvement

= The study focused on reviews of pts suffering from CLBP, pts suffering from pain due to
fractures, malignancies and inflammatory conditions were excluded

= In total 21 injection studies met inclusion criteria

= This included 12 lumbar disc injections, 5 epidural, 3 lumbar facet joint, and 3 sacroiliac
joint studies

NVWVeeK Pain Physician 2018; 21:515-540
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Do Regenerative Medicine Therapies Provide
Long-Term Relief in Chronic Low Back Pain: A
i i and lysi:

Jaya Sanapati, MD", Laxmaiah Manchikanti, MD?, Sairam Atluri, MD?, Sheldon Jordan, MO*
Sheri L Albers, DO, Miguel A. Pappolla, MD, PhDF, Alan D. Kaye, MD, Pho’,
Kenneth D. Candido, MD*, Vidyasagar Pampati, M5, and Joshua A. Hirsch, MD*
Primary Outcomes:
= MSCs and PRP were shown to be effective in treating back pain with disc injections
showing the strongest evidence
= RCT and observational studies for disc injections of PRP and MSCs showed Level 3
evidence
= Epidural injections demonstrated Level 4 evidence
= Lumbar facet joint injections and sacroiliac joint injections demonstrated Level 4 evidence
Conclusions:
= The findings of this systematic review show that MSCs and PRP are effective in treating
back pain due to degenerative disc disease, radicular pain, facet joint pain, and sacroiliac
joint pain, with variable levels of evidence

3/24/22
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Suggested Contraindications

= Hematologic blood dyscrasias

= Platelet dysfunction

= Septicemia or fever

= Cutaneous infections in the area to be injected

= Anemia (Hgb < 10 g/dl)

= Malignancy, particularly w/ hematologic or bony involvement

= Allergy to bovine products if bovine thrombus is to be used

= Severe psychiatric impairment or unrealistic expectation

= Genetic abnormalities in host cells when using autologous therapy

PaiN\\VeeK
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Potential Adverse Consequences of Biologics

= nfection

=Tissue rejection and changes to cell characteristics that alter how they
respond

= |nitial worsening of pain after the procedure. PRP derives its benefit from
localized inflammation

=Transient worsening of pain and sensations of pressure in joint is common

= |dea that MSC therapies may cause induction of neoplasms — unfounded

= Multicenter analysis of over 2,300 patients using MSCs for MSK conditions;
after 9 years, only 7 pts developed a neoplasm — lower than rate of neoplasia
in general public

PaiN\\eeK
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Current Strategies

3/24/22

= Patient candidacy requirements must be met, relative contraindications must
be addressed

= Imaging modalities must demonstrate & localize the pathology to be treated

= Procedure should be performed under direct visualization

= Patient should avoid corticosteroids for 2-3 weeks, and NSAIDs for 1 week,
prior to the procedure.

= Any specific anticoagulation precautions must be addressed as per relevant
guidelines

= Anti-anxiety medications should be used judiciously to ensure patient is alert
and arousable at all times

PaiN\\eeK
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Current Strategies

= PRP injectate — should be at least 2.5x > than that found in the peripheral
plasma at baseline

= |f frozen medium used — cells should be used within 24hrs of thawing

= When extracting MSCs, consider location and tissue type related to the
pathologic site in question

= 19G needle found to result in less apoptosis, but MSC viability and
differentiation capacity is not affected by gage of needle for extraction

= 2mL syringe recommended — best to avoid over-inflation; this size is
consistent with that used in currently successful studies

PaiN\\VeeK

86

Post-Procedure Recommendations

= Instruct pts. to rest and partially immobilize injected site for at minimum 2
days, up to 2 weeks

= Patients should avoid NSAIDs/Anti-inflammatory medications for at least a
few weeks. Effectiveness of therapy is dependent on the inflammatory state of
the site

=Follow-up every 2-4weeks is appropriate; however frequent repeat imaging is
not recommended

=Main outcomes of interest are pain and functional improvements, not structural
changes

=Repeat injections may be considered based on patient response and extent of
the pathology

PaiN\\eeK
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When to Consider Regenerative Therapy
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= Current literature suggests biologics to be more beneficial compared to
standard non-interventional care such as NSAIDs and rest

= Biologics are considered by many to be a more effective and cost-effective
approach

= Based on current literature — Guidelines suggest Biologics be considered
upon initial failure of conservative therapy, especially for Tx of lumbar discs,
facet, & SIJ pathologies

= For tendinopathy, research suggests to consider biologic regenerative therapy
after failure of conservative therapy & US-guided corticosteroid injection

= Regenerative therapy shows a great amount of promise in improving
musculoskeletal conditions and providing patients an effective treatment

option for their pain
PaiN\veeK
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