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STEM CELL AND PLATELET-
RICH PLASMA FOR JOINT
MANAGEMENT

DAVID SCHALL MD

"BIOLOGICS”

o Injectable therapies that may suppress
inflammmation and promote regenerative
pathways

o Natural products that are harvested and
are used to supplement a medical
process and/or the biology of healing
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A Biologics Boom:
What Are the Rules?

The name of orthopaedics is used to market
PRP and stem cells for all kinds of ailments
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PRP (PLATELET-RICH PLASMA]
PR FACIALS & PKF HAIR TREATMENT
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2018 AAOS ANNUAL MEETING

o "Explosion of mom-and-pop shops with
littfle or no regulation”

o Retailing of biologics “is a cash business-
and is very expensive”

o Google “stem cell centers”- 18 million
hits

2018 AAOS ANNUAL MEETING

o Study that contacted 271 of 317 centers
that market directly to consumers

o Mean cost of treatment for stem cells
and/or PRP was $5,156 (range $1.,500-
$12,000)
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"BIOLOGICS™:
3 MAIN CATEGORIES

1. Endogenous growth factors- PRP

2. Cells-mesenchymal stem cells derived
from bone marrow and adipose tfissue
and embryonic cells from embryonic
fissue

3. Amniotic or placental-derived tissues

-
PLATELET
PLASMA

PLATELET-RICH PLASMA
(PRP)

7 8
Research and Quality
Platelet-rich Plasma:
The Path Forward Aggressive Lack of effective
marketing Few regulations alternatives
Consumer ] safe Some early
demand positive data
6 FACTORS DRIVING POPULARITY OF PRP
HOT TOPIC IN ORTHOPEDICS /
9 10
« CONSISTS OF AUTOLOGOUS
BLOOD WITH A PLATELET
CONCENTRATION ABOVE NORMAL « DELIVERY OF GROWTH FACTORS,
BASELINE LEVEL INFLAMMATION MODULATORS,
AND CELL ADHESION MOLECULES
PRRCESS OF AP TRERAPY FROM A POOL OF
DEGRANULATING PLATELETS
11 12
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BIOACTIVE PROTEINS

Q PDGF |

Q INSULIN -LIKE GF I/l ‘

Q FGF |

PLATELET GROWTH FACTORS AND
CYTOKINES

o Stimulate extracellular matrix synthesis
o Stimulate chondrocyte proliferation

o Promote boney remodeling

o Promote wound healing

o Inhibit catabolic pathways

13 14
THOUGHT TO FACILITATE AND ENHANCE THE AUTOLOGOUS  3ieacnve
HEALING OF INJURED TISSUE
MINIMALLY « AVOIDS REGULATORY
MANIPULATED HURDLES OF EXTENSIVE
AUGMENT THE NATURAL HEALING PROCESS BY TISSUE TESTING/TRIALS
INCREASING THE CONENTRATION OF THESE
CYTOKINES AT THE SITE OF INJURY
WIDESPREAD USE  «EFFICACY??
15 16
FDA REGULATES STEM FDA: LACK OF REGULATORY
THERAPIES: MINIMAL HURDLES BECAUSE:
OVERSITE
o CRITERIA TO DETERMINE LOW-RISK Little Autologous with Cannot
o LOW RISK DO NOT REQUIRE TRADITIONAL mManufaciuing | | nosystematic ) | combine with,
PRECLINICAL ANIMAL TRIALS OR PHASED P P
CLINICAL TRIALS PRIOR TO HUMAN
TREATMENT Utilized in
o STRONG REGULATORY OVERSITE NOT homologous Bogsep?oﬂggw
NEEDED way-original
function PRP
17 18
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© SEPARATES PLATELET-
“SOFT SPI N ” EB(%I\;W‘IB@NG PLASMA FROM
«1,200-1,500 RPMs
PRE PARAT' O N O F © SEPARATES PLASMA INTO
w HARD SPI N " PLATELET-RICH AND PLATELET-
AUTOLOGOUS BLOOD o
TWO STAGED CENTRIFUSION
HETEROGENOUS  “AVALABLE SVSTENs '
PLASMA 'ﬁ@%ﬁjﬁﬁ@ﬁ@?ﬁg&m,
CONFIGURAT|ONS AGENTS/TECHNIQUES
19 20
. TWO MAIN CATEGORIES BASED ON
§ ;.-:w CELLULAR COMPOSITION
Wt ~N
\ \ LEUKOCYTE RICH PRP: LEUKOCYTE
\:r"‘ F \ CONCENTRATION ABOVE PHYSIOLOGIC BASELINE
Wi Y 2
.1 ! ro— LEUKOCYTE POOR PRP: LEUKOCYTE
\ 1 CONCENTRATION BELOW PHYSIOLOGIC
W/ e > BASELINE
21
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PRP SYSTEM
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STUDY DESIGN IN
LITERATURE

ALL USES OF PRP

LITERATURE

o Wide heterogeneity of preparation
methods

o Injection methods and frequency vary
o Difficult to compare studies
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“ nu-fournalm:Bone
JBJS & Joint Surgery

A Call fqr Standardization in Platelet-Rich Plasma
Preparation Protocols and Composition Reporting

A Systematic Review of the Clinical Orthopaedic Literature

Chahla, MD, PhD, Mark E. Cinque, MS, Nicolas S, Piuzzi, MD, Sendecp Mansiava, M, Phi), Andrew G. Geeslin, MD,
Lai ML, PhD, Grant ). Dornan, MSc, Gearge F. Muschler, MD, and Robert E. LaPrade, MID, PhI>

e the Steadrsan Philippons Resoasch tasite, Vad, Colorsds, and The Clevlasd Clini Foundation. Cleseland, Ohis

A Call for Standardization in Platelet-Rich Plasma
Preparation Protocols and Composition Reporting

A Systematic Review of the

Qb

o Systematic review of literature looking at
PRP preparation protocols and PRP
composition utilized in clinical trials

o 105 trials between 2006 and 2016
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995.€ (Mammanetics)

Starciard corarifugs, 6B (Beckman)
PRF (Vivontath

Y.
Hip / Knee OA
THA/ TKA
3 Suces L
Patellar Tond
6 Sudes
Achilies Tend
6 Stuches
Toiar OGO
3 Sudes

Plantar Fasciltis
4 Studies
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1769

A Call for Standardization in Platelet-Rich Plasma
Preparation Protocols and Composition Reporting
A Systematic Review of the Clinical Orthopacdic Literature

o Only 11 studies(10%) provided
comprehensive reporting that included a
clear description of preparation protocol
that could be used by subsequent
investigators to repeat the method

A Call for Standardization in Platelet-Rich Plasma
Preparation Protocols and Composition Reporting

A Systematic Re

o Only 17 studies(16%) provided quantitative
metrics on the composition of the final PRP
product

o Current reporﬁn% does not enable
comparison of PRP products being
delivered to patients

31 32
Variables That May Influence the Growth Factor Profile of Platelet-rich
. Pl
PRP subtypes ?? Yes indeed. asma
Variable Description

WBC rich PRP ey .

WBC poor PRP Comorbidities

Activated PRP ‘ Concurrent medications (including anti-

inflammatories)

Non activated PRP Nutritional status

RBCrich PRP — Processing Blood collection and storage conditions

RBC poor PRP 7 Spin protocol (speed, time)

PRP- Prolo . ,{ Activation protocol (agent, concentration, timing)

R —— Storage

" PRETons Delivery Form of delivery (gel, solution)

* PRP-BMAC Timing of delivery in relation to isolation
Timing of delivery in relation to activation
Host factors (similar to donor factors)
Injury chronicity

33 34
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LITERATURE: STEM CELLS/PRP FOR
KNEE ARTHRITIS

o Meta-analysis scanned 420 reports in
literature-PRP

o Six had level lll evidence or stronger

o PRP recent meta-analysis-19 higher quality
investigations-7 studies good response to
freatment, 4 studies reported bad
response

EFFICACY OF PRP INJECTIONS IN KNEE OA
: SYSTEMATIC REVIEW AND META-ANALYSIS

o Laudy et al. BJSM. 2014

o Meta-analysis: 317 studies/trials-10 meet
criteria

o 6 randomized control studies, 4
observational studies
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EFFICACY OF PRP INJECTIONS IN KNEE OA
: SYSTEMATIC REVIEW AND META-ANALYSIS

o Laudy et al. /5M, 2014

o PRP more effective for pain reduction compared
with placebo at 6 months post injection

o PRP vs hyaluronic acid-significant difference in
favor of PRP on pain reduction/improved function
at 6 months post-injection

o Almost all trials had high risk of bias

EFFICACY OF PRP INJECTIONS IN KNEE OA
: SYSTEMATIC REVIEW AND META-ANALYSIS

o Dia et al. Arthroscopy. 2017
o Meta-analysis of randomized control trials

o Systemic review and quantitative analysis
of 10 level | randomized control
studies(1069 patients)

Mets-anatysis.

Efficacy of Platelet-Rich Plasma in the Treatmeni of @
Knee Osteoarthritis: A Meta-analysis of Randomized
Controlled Trials
Wen-Li Dai. M.Sc. Ai-Guo Zhou, M.D., Hus Zhang M.D., and Jisn Zhang, MD.
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EFFICACY OF PRP INJECTIONS IN KNEE OA
: SYSTEMATIC REVIEW AND META-ANALYSIS

o Dia et al. Arthroscopy. 2017

o Compared platelet-rich plasma
injections with both hyaluronic acid and
saline injections for knee OA
E.M
Efficacy of Platelet-Rich Plasma in the Treatmentof @&
Knee Osteoarthritis: A Meta-analysis of Randomized

Controlled Trials

WeneLi Dai, M.Sc, Ai-Guo Zhou, M. Hus Zhang. M.D. and Aan Zhang, MD.

EFFICACY OF PRP INJECTIONS IN KNEE OA
: SYSTEMATIC REVIEW AND META-ANALYSIS
o Dia et al. Arthroscopy. 2017
o Similar results of PRP and HA at 6 months
o At 12 months PRP had significantly better pain

relief and functional improvement than HA
o8 of 10 level | studies had “a high risk of bias”

Efficacy of Plﬂlu\.(‘.\-“il'h Plasma :u |]|T'ITLca\n|rn| of g

Knee O A
Cont

d Trials

Wen-Li Dak M.S<. A¥Guo Zhou, M.D. Hua Zhang, M.D., 30d Jin Zhang. M.

41
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EFFICACY OF PRP INJECTIONS IN KNEE OA
: SYSTEMATIC REVIEW AND META-ANALYSIS

o Kanchanatawan et al. £554A4. 2015

o 9 of 551 studies met inclusion criteria of
randomized control

Short-term of -rich

for treatment of osteoarthritis of the knee

Wichan ! - Alisara ? - Kornkit Chaijen)
H

it 3 Boonard® -

Jatupon Kongtharvonskul®

EFFICACY OF PRP INJECTIONS IN KNEE OA
: SYSTEMATIC REVIEW AND META-ANALYSIS

o Kanchanatawan et al. £55kA4. 2015
o PRP vs HA or placebo

o In short term outcomes, PRP injection has
improved functional outcomes and improving
symptoms vs HA or placebo in mild/mod knee

OA Short-term . plasma inj

o
for treatment of osteoarthritis of the knee

Wichan Kanchanatawan’ - Alisars Arirschakarsn’ - Korakit Chatjenkiy® -
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LEUKOCYTE POOR VS RICH PRP
PRP — AND OA OF KNEE
LEUKOCYTE sl o Riboh et al. Am J Sporfs Med. 2016
POOR VS Buffy coat o MeTO-GnglySiS
Wi o e o Superior Western Ontario and
LEUKOCYTE Red blood cells McMaster Universities Osteoarthritis
R| CH INndex(WOMAC) scores in pts with
leukocyte poor PRP vs Hyaluronic acid
45 46

LEUKOCYTE POOR VS RICH PRP
AND OA OF KNEE

o Riboh et al. Am J Sports Mea. 2016

o No difference in those freated with
Leukocyte-rich PRP and hyaluronic
acid

LEUKOCYTE POOR PRP AND OA OF
KNEE

o Patel et al. Am J Sporfs Mea, 2013

o Prospective, randomized, double
blind trial

o Leukocyte-poor PRP compared with
saline placebo injection for early
bilateral knee OA
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LEUKOCYTE POOR PRP AND OA OF
KNEE

o Patel et al. Am J/ Sporfs Mea 2013
o 78 patients/156 knees
o 3 groups:
1. Single PRP injection
2. 2 PRP injections 3 weeks apart
3. Single saline injection
o Followed 6 months

LEUKOCYTE POOR PRP AND OA OF
KNEE

o Patel et al. Am J Sports Meal 2013

o Significant difference(p<0.001) in favor
of PRP compared to saline using VAS,
WOMAC and patient satisfaction at 6
months

49
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LEUKOCYTE POOR PRP AND OA OF
KNEE

o Smith et al. Am J Sports Mea 2016

o FDA-sanctioned, randomized, double-blind,
placebo controlled clinical trial

o Leukocyte poor PRP vs saline
o 30 pts/30 knees-series of 3 weekly injections
o Moderate knee OA (LK grade 2-3)

(=2
ctions Provide Safe
s Treatment
ocarthritis

rolled Chi 1 Trist

LEUKOCYTE POOR PRP AND OA OF
KNEE

o Smith et al. Am J/ Sporfs Meal 2016
o Significantly greater improvement
(p<0.001) of WOMAC scores in PRP
cohort throughout the study vs saline
o 12 months after freatment PRP group
improved 78% from baseline WOMAC
score vs 7% placebo

51 52
PRP VERSES HYALURONIC ACID
PRP AND OA OF KNEE
INJECTIONS IN !’ o Feller et al. BAS 2016
KNEE VS “ a a o Randomized, blinded controlled with
W 12 month f/u
HYLAURN |C g‘;‘é{ o 96 pts 3 weekly injections PRP vs 96
ACID(HA) o patients 3 weekly injections HA
53 54
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PRP VERSES HYALURONIC ACID
AND OA OF KNEE

o Feller et al. JB/S 2016

groups

o Leukocyte Rich PRP

o Modest clinical improvement in both

o No difference between PRP and HA

PRP VERSES HYALURONIC ACID
AND OA OF KNEE

o Filardo et al. AM / Sporfs Meda 2015
o Randomized control

o 3 weekly injections of PRP vs
Hyaluronic acid

o 192 pts with knee OA

55
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follow-up fime point

PRP VERSES HYALURONIC ACID
AND OA OF KNEE

o Filardo et al. AM J Sports Mea. 2015

o Both groups reported significant
improvements in function and symptoms
in all subjective scores used(p<0.0005)

o Comparative analysis demonstrated no
difference between groups at any

PRP VERSES HYALURONIC ACID AND
OA OF KNEE

o Several Randomized control studies performed
comparing efficacy of PRP with that of
hyaluronic acid

o Superior results with Leukocyte poor PRP vs
Leukocyterich

o Majority of studies show improved outcome
compared with hyaluronic acid at short-term f/u

57
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OVERVIEW OF
RESULTS OF
PRP STUDIES

- Mixed data/high

bias

- Variety of

preparations tested

- Variety of injection

frequencies tested

« Support for

Leukocyte poor
PRP in Early/mod
OA knee

59

60
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TABLE III - Grades of Recommendation for Platelet-Rich Plasma Treatment"®

Grade

or Procedure
cuff repai

and delayed unions or nonunio.

Q|al=|o|a|o|o|= |0

indicates good evidence (Level-I studies with consistent findings) for or against recommending
n. Grade B indicates fair evidence (Level-1I or 111 studies with consistent findings) for or against
i Grade C indi

flicting or poor-quality evidence (Level-IV or V studies)

. Grade T indi that there is insufficient

for or against i

No benefits seen with PRP injection in
patients with acute Achilles tendon ruptures

ORLANDO, Fla. — Results of a dou-
randomized,

ble-blind, multicenter, supported, unless we have more stud-

placebo-controlled trial prosented sug-  ies similar to this trial with [a] posi-

5t plateler rich plasma injection of  tive effect to justify using PRP in these

fesed 0 patient benefits in the manage-  patients.” Joseph Alsousou, PhD, said
Aclos tondons o

1 suggest that the use of [platelet-
vich pasena] PRP in softtisue injurics

NOV, 2018

| SUGGEST THAT USE OF PRP IN SOFT TISSUE

ruptures who  started

INJURIES AND POSSIBLY CHRONIC INJURIES

IS NOT SUPPORTED”

61

AAQOS

(2016)

GUIDELINES
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Consensus Statements on Platelet-rich Plasma
No. Statement

1 An accepted nomenclature and classification system that
slolog roduct

in required t
studies. Efforts should be madk
clinicians, and industry reprasentatives in this process to
encourage widespread adoplion of the system.
i donor variance and processing
on the composition of PRP must be established.

3 Avalidated assay of the efficacy of PRP shouid be established for
‘each clinical application.

4 The P PRP d y ba
establishad.

5 Minimum standards of reporting for all studies (preclinical and

clinical) evaluating PRP must be established to facilitate
Gommunication and the interpretation and synthesis of scientific
investigations. These standards must include measured
characteristics of the PRP and factors relaling to the donor,
processing, and delivery of the PRP.
Specific t PRP should
pathologic indications.
7 Methods for estabiishing proot of safety and eficacy of P
be determined. This process may require evidence of pfienotype
stability or viabilty for each inication.

PRP = plalalel.rich plasma

CONCLUSIONS OF PRP
INJECTION FOR KNEE ARTHRITIS

+  Mixed data- lack of standardization
among studies with regard to PRP
preparation and administration

- Difficult fo draw definitive conclusions

from the currently available data but

shows promise

« Support for Leukocyte poor PRP in
Early/mod OA knee

- Insufficient Data supporting use other

than knee OA
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Reduce Islmmation

What is a Stem Cell?

0 ie

Fight Apoptoss (Cell Desth M Bane [ Cartiage

STEM CELLS

Seleghcne
Differsniate into Muftiple Tissues

— Goid

~= Rt )

P

Potential uses of
Stem cells

Stroke

Traumatic brain injury|
Learning defects
Alzheimer's disease
Parkinson's disease

Baldness
Blindness

Deafness

‘Amyotrophic lateral-

Wound healing

Bone marrow
transplantation
(currently established|

Spinal cord injury.
e

Osteoarthritis £ -\
Crohn's disease

Rheumatoid arthritis

infarction
Muscular

dystrophy
i Diabetes

Multiple sites:
Cancers

65

66
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Ehe New Nork Times

Harvard Calls for Retraction of Dozens of
Studies by Noted Cardiac Researcher

Some 31 studies by Dr. Piero Anversa contain
fabricated or falsified data, officials
concluded. Dr. Anversa popularized the idea
of stem cell freatment for damaged hearts.

OCT 15, 2018

North Dakota Community Challenges Chiropractor
Selling Nonautologous Stem Cell Injections

Protection Division condhude investigations

67

68

Grand Forks
= Herald -g -
Eighteen patients from Fargo and Sioux
Winter Weather Advisory Falls took part in the study, in partnership

with InGeneron, a Houston-based private
biotechnology firm that focuses on
regenerative medicine.

Stem cell treatment for
mtator CUﬁ injuries gets One of the patients enrolled in the study
safety approval from FDA: said the stem cell injections led to the

Researchers il"l NOI‘“"I Dakota! regrowth of a damaged tendon. Other
South Dakota lead project patients reported the stem cell treatment

By Kevin Wallevand / Forum News Service on Jan 5, 2019 at

meant more range of motion and less pain.

STEM CELLS

o 1998 first human embryonic stem cell
created

o Stem cells are undifferentiated cells
capable of proliferation, self-renewal,
and differentiation into specialized cells

1:00 p.m. e
69 70
SOURCES:
STEM CELLS Bone marrow
Adipose
Umbilical cord matrix
o Embryonic and adult stem cells MESENCHYMAL Potential fo
o Adult stems cells (usually from bone differentiate into
marrow or adipose) differentiate into: STEM CELLS cartilage, bone,
o Hematopoietic stem cells (HSCs) ﬁ%g?ﬁgﬁgnd
o Mesenchymal stem cells (MSCs)
71 72
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APPLICATION OF MSCS

o Aspiration bone marrow/adipose
o Centrifuged to concentrate cells

o Placed in culture media increasing
number/purity of cells

o Injection/placement of cells

FDA

o Only stem cell products actually
approved by FDA are cord blood or
placental remnants- typically indicated
for pediatric cancer therapy

o None approved for any type of
orthopedic use

73
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FDA

o Public Health Service Act, Section 361

tissues, and tissue based products) that
are minimally manipulated and
homologous only, you can proceed
without FDA approval”

o "If you are using the HCT/P (human cells,

Table 3

Consensus Statements on Stem Cell Therapy

AAQCS 2016 = Smner

1 The progenitors contributing to tissue development, regeneration,

and haaling in each specific tissue must be identified. The
ns regulating thi must

2 The optimum preparation of stem cells for each indication must be
established in a systematic fashion. Considerations should include
cell number, concomitant use of growth factors, predifferentization,
and vehicle.

3 Mesenchymal slem cells isolated from different tissues must be
‘compared to identify the most appropriate cell source for each
specific indication.

4 The mechanism for e observed in,
applications to date must be comprehensively characteriz

5 A standardized assay of stem cell efficacy is needed.

6 Methods for establishing proof of safety of stem cell thegagy sifould
be determined in collaboration with industry and regdfatory
agencies. Thi q
or viability.

7 The most appropriate control for clinical stugigs evaluating stem cell
therapy in each indication must be identifiéd.
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RESEARCH

o Very few level | or Il studies-quality of data for
efficacy is poor

o No data to support its use but groundwork and
guidelines being set

o Relatively safe

o AAOS- “We certainly do not have the evidence to
tell our patients they can expect good outcomes”

THANK YOU!
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