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Abstract

» The increasing prevalence of knee osteoarthritis in an aging
and active population necessitates the development of
therapies designed to relieve symptoms, to delay the need for
total joint replacement, and to potentially stimulate chondrocyte
growth.

» Growth factor therapies such as platelet-rich plasma have been
studied extensively for knee osteoarthritis, with the recent publi-
cation of clinical studies. Although the majority of studies conclude
that platelet-rich plasma has the potential to provide symptomatic
relief on a short-term basis, to our knowledge, long-term data are
lacking.

» Growing interest in stem cell therapy for knee osteoarthritis has
led to various studies utilizing mesenchymal stem cells from
adipose, bone marrow, or peripheral blood sources. Although
studies have shown excellent early clinical results, the ability to
improve collection rates of mesenchymal stem cells and methods
to direct mesenchymal stem cell differentiation to chondrocytes
and to promote chondrogenesis remains a focus for future
research.

» There are still many questions about platelet-rich plasma and its
effectiveness for knee osteoarthritis. Differences in preparation tech-
nique make effective evaluation and comparison difficult.

» Bone marrow mesenchymal stem cells currently remain the only
stem cell product that appears to be approved by the U.S. Food and
Drug Administration (FDA) without any potential questions about
use. Further clinical studies are still necessary to fully understand
their role.

steoarthritis of the knee is  disease?. Although osteoarthritis is

one of the most preva- becoming a more widespread problem,

lent diseases in the there remains a lack of recommended

United States and is a nonoperative treatment options.
common condition associated with A variety of oral medications are
pain and substantially impaired quality of  currently available that appear to be ef-
life!. In addition to aging, an increase in fective in the early disease stages, such as
sporting and physical activity across all acetaminophen and nonsteroidal anti-
age groups has contributed to an in- inflammatory drugs (NSAIDs). How-
creased prevalence of articular cartilage ever, these do not prevent or reverse the

Disclosure: There were no external sources of funding for this study. On the Disclosure of Potential
Conflicts of Interest forms, which are provided with the online version of the article, one or more of the
authors checked “yes” to indicate that the author had a relevant financial relationship in the biomedical
arena outside the submitted work (http:/links.lww.com/JBJSREV/A1).

JBJS REVIEWS 2017;5(4):e2 + http://dx.doi.org/10.2106/JBJS.RVW.16.00028

JB&JS

REVIEWS


http://links.lww.com/JBJSREV/A1
http://dx.doi.org/10.2106/JBJS.RVW.16.00028

JB&JS

REVIEWS

underlying cartilage damage, nor do
they provide lasting effects. Other op-
tions include injection therapies, which
are usually reserved for patients not
responding to oral medications. One
popular choice of injection that has been
widely used for the management of
symptomatic knee osteoarthritis is cor-
ticosteroids. Despite their popularity,
they have limited proven long-term ef-
fectiveness and can have adverse reac-
tions for the patient®. Additionally, if
changes in activity level, weight loss,
pain relievers such as acetaminophen or
NSAIDs, physical therapy, and cortico-
steroid injections become ineffective,
viscosupplementation injections with
hyaluronic acid may be an option.
However, to our knowledge, the most
recent research has not found viscosup-
plementation to be effective at reducing
pain or improving function®.

Developments in biological re-
search have highlighted the importance
of growth factors in maintenance of
normal tissue structure and tissue lesion
repair. New injectable therapies simply
called “biologics” are now available, and
some may suppress inflammation and
may promote regenerative pathways.
Biologics refer to natural products that
are harvested and are used to supplement
a medical process and/or the biology
of healing. Although these may hold
promise for the treatment of knee oste-
oarthritis, more high-quality and con-
sistent studies are necessary. The three
main categories of therapy currently
available are endogenous growth factors
(contained in commercially available
platelet-rich plasma products), cells
(mesenchymal stem cells derived from
bone marrow and adipose tissue and
embryonic cells from embryonic tissue),
and amniotic or placental-derived tis-
sues. This article will review these ther-
apies, will discuss current U.S. Food and
Drug Administration (FDA) guidelines
regarding these products, and will dis-
cuss their potential to become recom-
mended treatment.

Stem cell therapies are regulated by
the FDA, which categorizes them as
human cells, tissues, and cellular and
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tissue-based products regulated under
Section 361 of the Public Health Service
(PHS) Act. Title 21 of the Code of
Federal Regulations (CFR)’ defines 4
criteria to determine if products are
considered low-risk and do not require
preclinical animal trials or phased clini-
cal trials prior to human treatment. The
4 criteria that a product needs to meet to
be considered low-risk are: (1) the pro-
duct has little manufacturing manipu-
lation, (2) the product has an autologous
nature with no systemic effect, (3) the
product cannot be combined with other
products, and (4) the product has to be
utilized in a homologous way or in the
same way as its original function. If the
product does not comply with these
criteria, then it is considered as a new
drug requiring traditional preclinical
animal trials, clinical trials, and strong
regulatory oversight as listed in Section
351 of the PHS Act. On the basis of
these guidelines, the only biologics cur-
rently available as injectable therapies are
bone marrow aspirate and platelet-rich
plasma.

Platelet-Rich Plasma

Platelet-rich plasma consists of autolo-
gous blood with a platelet concentration
above the normal baseline level®. It is
prepared via a two-stage centrifugation
of peripherally drawn blood. The first
centrifugation or “soft spin” separates
the platelet-containing plasma from the
red and white blood cells. By spinning at
a relatively low 1,200 to 1,500 revolu-
tions per minute (rpm), the platelets
remain suspended as red and white
blood cells are pulled to the bottom be-
cause of their larger size and mass. The
second centrifugation or “hard spin” isat
a much higher 4,000 to 7,000 rpm,
creating the necessary force to further
separate the plasma into platelet-rich
and platelet-poor portions”. However,
platelet-rich plasma configurations are
highly heterogeneous; more than 40
commercially available preparation sys-
tems exist, which differ by centrifuga-
tion time, initial blood volume, and use
of activating agents or techniques7.

These various preparations can be

characterized into one of two main
categories based on their cellular com-
position: eukocyte-rich and leukocyte-
poor. Leukocyte-rich, platelet-rich
plasma is defined as having a leukocyte
concentration above the physiologic
baseline, and leukocyte-poor, platelet-
rich plasma is defined as having a con-
centration below the baseline®.

Platelet-rich plasma has emerged
as a potential therapeutic modality for
many conditions, including knee oste-
oarthritis’. Platelets contain a variety of
growth factors and cytokines, which
have been shown to stimulate extracel-
lular matrix synthesis and chondrocyte
proliferation, to promote bone remod-
eling and wound-healing, and to inhibit
catabolic pathways in ex vivo and in vitro
studies® 1. However, despite its rapidly
growing popularity, platelet-rich plasma
is still considered an experimental
treatment, falling under the FDA’s Title
21 CFR Part 1271°, making it exempt
from traditional regulatory pathways. It
is not considered a human cell, tissue,
and cellular and tissue-based product by
the FDA and is not covered by the PHS
Act. Although there are a multitude of
studies comparing platelet-rich plasma
with placebo and other knee osteoar-
thritis treatment modalities, such as
hyaluronic acid viscosupplementation,
the wide heterogeneity of preparation
methods and injection frequency vari-
ance® has made it difficult to assess and
compare them.

Patel et al."? illustrated the efficacy
of leukocyte-poor, platelet-rich plasma
(with a platelet count 3 times that of
baseline) compared with a saline solu-
tion placebo injection for the treatment
of early knee osteoarthritis (Ahlbick
grade I or IT). A total of 78 patients with
bilateral knee osteoarthritis (156 knees)
were randomly divided into 1 of 3 co-
horts (group A, single platelet-rich
plasma injection; group B, 2 platelet-
rich plasma injections 3 weeks apart; and
group C, single saline solution injec-
tion), treated, and followed for 6
months. Patel etal. reported asignificant
difference (p < 0.001) in favor of both
platelet-rich plasma injection groups
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compared with the saline solution in-
jection group using a visual analog scale
(VAS), Western Ontario and McMaster
Universities Osteoarthritis Index
(WOMAC), and patient satisfaction
scores at 6 months after treatment.
Smith'? also illustrated the efficacy of
leukocyte-poor, platelet-rich plasma
compared with a saline solution pla-
cebo. A total of 30 patients (30 knees)
with knee osteoarthritis (Kellgren-
Lawrence grade 2 or 3) were random-
ized into 2 cohorts (leukocyte-poor,
platelet-rich plasma or saline solution)
that received a series of 3 weekly injec-
tions. Smith reported a significantly
greater improvement (p < 0.001) of
WOMAC scores in the leukocyte-
poor, platelet-rich plasma cohort
throughout the study compared with
the saline solution cohort. Twelve
months after treatment, the leukocyte-
poor platelet-rich plasma group had
improved by 78% from their baseline
WOMAC score, but the placebo group
had improved by only 7%.
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Several randomized controlled
trials have been performed comparing
the efficacy of platelet-rich plasma, ei-
ther leukocyte-poor or leukocyte-rich,
with that of hyaluronic acid. The studies
involving leukocyte-poor, platelet-rich
plasma demonstrated superior results
compared with platelet-rich plasma
treatment14’15, but the leukocyte-rich,
platelet-rich plasma studies have shown
mixed results (Table )¢5, Although
the majority of these studies have shown
improved outcomes with platelet-rich
plasma compared with hyaluronic acid
at a short-term follow-up, there is still
insufficient evidence to support its use
because of the heterogeneity of platelet-
rich plasma preparations and injection

frequencies tested.

Stem Cells

Stem cell therapy has emerged as another
potential biological treatment option in
the treatment of knee osteoarthritis.
Stem cells are advantageous because they
can mobilize during angiogenesis, can

differentiate into specialized cell types,
can proliferate and regenerate, and can
release immune regulators and growth
factors. Common mesenchymal stem
cell sources currently available include
bone marrow and adipose sources. Em-
bryonic stem cells are not currently
available. Amniotic or placental-derived
tissues and cells will be discussed in the
Tissues section.

Mesenchymal stem cells have been
the most widely used stem cells in or-
thopaedic and non-orthopaedic appli-
cations over the last decade because of
their potential to differentiate into
multiple cell lines, including osteoblasts,
fibroblasts, and chondrocytes. These
can further differentiate into cells that
make cartilage, tendon, muscle, and
bone. Mesenchymal stem cells are
characterized by several features includ-
ing ease of isolation, high differentiation
capabilities, colony expansion, powerful
anti-inflammatory properties, and abil-
ity to localize to damaged tissue. Mes-
enchymal stem cells have also been

JB&JS

REVIEWS

TABLE | Platelet-Rich Plasma Studies*

Study
Cerzaetal. Sanchez et al. Filardo et al. Filardo et al. Spakova et al.
(2012)" (2012)" (2012)"° (2015)"8 (2012)"7
Platelet-rich plasma Leukocyte poor Leukocyte poor Leukocyte rich Leukocyte rich Leukocyte rich
preparation
No. of patients
Total 120 176 109 192t 120
Platelet-rich 60 89 54 94 60
plasma
Hyaluronic acid 60 87 55 89 60
Osteoarthritis grade Kellgren-Lawrence Ahlback I, Il, and Il Kellgren-Lawrence Kellgren-Lawrence Kellgren-Lawrence
1,2,and 3 0,1,2,and 3 0,1,2,and 3 1,2,and 3
Outcome scores WOMAC WOMAC and IKDC, EuroQol visual IKDC, EuroQol visual WOMAC and 11-
Lequesne analog scale, analog scale, point pain intensity
Tegner, and KOOS Tegner, and KOOS Numeric Rating
Scale
Results Significantly better Significantly Platelet-rich plasma Platelet-rich plasma Significantly better
outcomes in better short-term not superior to not superior to outcomes in
platelet-rich plasma (<24-wk) hyaluronic acid hyaluronic acid platelet-rich plasma
group outcomes in group at follow-up
platelet-rich of 3and 6 mo

plasma group

*IKDC = International Knee Documentation Committee, and KOOS = Knee injury and Osteoarthritis Outcome Score. tNine patients were notincluded
in the final analysis because of lack of complete data at final evaluation.
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shown to secrete cytokines locally with
paracrine effects on local tissue to con-
trol and modulate inflammation, to
stimulate cell repair and proliferation,
and to improve blood flow through the
secretion of chemokines, cytokines, and
growth factors™®. As a result, mesen-
chymal stem cells have the potential to
support chondrogenesis in an osteoar-
thritic joint and to prevent further car-
tilage loss while possibly regenerating
new cartilage.

The advantages of adipose-derived
mesenchymal stem cells include high
prevalence and ease of harvest; however,
several animal studies have shown infe-
rior results when compared with bone
marrow mesenchymal stem cells. More
research is needed to determine the ideal
source material for mesenchymal stem
cells, which will likely depend in part
on the procedure for which they are
employed. Itis not fully understood how
many mesenchymal stem cells survive
harvest to implantation and how long
these cells may survive once placed in an
osteoarthritic environment. However,
locally secreted cytokines may lead to a
healing environment that lasts beyond
the duration of mesenchymal stem
cell viability in the joint®.

Bone marrow-derived stem cells
are typically harvested, in a minimally
invasive manner, from the posterior su-
perior iliac crest. Multiple other sites
including the anterior superior iliac crest
have been described, but the posterior
superior iliac crest generally produces
the highest stem cell yield*'*. Mesen-
chymal stem cells are more concentrated
and have increased proliferation poten-
tial in younger patients. Choudhery
etal.?* investigated the expansion and
differentiation potential in patients who
were younger (<30 years), middle-aged
(35 to 50 years), and older (>60 years).
Mesenchymal stem cells from older pa-
tients had less viability, proliferation,
and differentiation potential than
those from younger patients. In addition
to age-dependent variables affecting
stem cell concentration, technique-
dependent variables such as strong
aspiration with small-volume, 10-mL
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syringes appear to maximize stem cell
concentration®' %%,

Alternatively, adipose-derived
stem cells are harvested by liposuction.
However, compared with bone marrow
aspirate, FDA guidelines consider the
use of adipose tissue for bone and joint
disorders to be non-homologous, which
essentially means that adipose tissue in-
jected in the knee does not serve the
same function of adipose tissue else-
where in the body. In addition, the
processing of adipose-derived stem cells,
as defined by the FDA, “alters the orig-
inal relevant characteristic of adipose
tissue relating to the tissue’s utility for
reconstruction, repair or replacement”
and is considered more than minimal
manipulation, requiring the developers
to abide by Section 351 of the PHS Act
by initiating an Investigational New
Drug Program®>*'. Confusion remains
as many clinics continue to provide ad-
ipose stem cell treatment, claiming that
their processing is minimal manipula-
tion, with only the most egregious of-
fenders being sent warning letters by the
FDA and some treatment centers
being closed®. An open forum set by
the FDA to discuss these issues and
provide clarity for clinicians and indus-
try was planned for early 2017.

Over the past decade, multiple
human trials have been published dem-
onstrating the efficacy of mesenchymal
stem cell injections into patients with
osteoarthritis. Davatchi et al.> per-
formed a single intra-articular injection
of bone marrow stem cells in 4 patients
with knee osteoarthritis. There were
improvements in clinical outcome
scores and physical parameters such as
the number of stairs that the patient was
able to climb and walking time. Simi-
larly, Emadedin et al.** reported that 6
patients with knee osteoarthritis, treated
with a single injection of bone marrow
stem cells, had improvements in pain
and functional status of the knee up to 6
months after the injection. Magnetic
resonance imaging (MRI) analysis
prior to mesenchymal stem cell therapy
and at a 6-month follow-up showed

an increase in cartilage thickness and

decreases in subchondral edema in 50% of
patients in that study. Orozco et al.*®
followed 12 patients treated with bone
marrow stem cell injection for knee oste-
oarthritis. At a 12-month follow-up, pa-
tients reported significant improvements
(p <0.001) in clinical outcomesand MRI
showed a decrease in the size of lesions
with poor cartilage, as defined on T2 re-
laxation measurements®.

Koh et al.*® performed adipose-
derived stem cell injection with arthro-
scopic lavage in 30 elderly patients with
knee osteoarthritis. “Second-look” ar-
throscopy was performed in 16 patients.
All patients showed significant im-
provement (p < 0.05) in clinical out-
comes at a 24-month follow-up, and
only 5 patients demonstrated worsening
of the Kellgren-Lawrence grade®®. On
second-look arthroscopy, 88% of pa-
tients had improved or maintained car-
tilage status from the time of adipose
mesenchymal stem cell injection. Jo
et al.’” performed adipose-derived stem
cell injection in 18 patients with low,
medium, and high dosages of stem cells
(dosage correlated with the cell count
within 3 mL of saline solution). Patients
in the low and medium-dosage groups
did not show clinical improvement at
6 months; however, the high-dosage
group had significant improvement
(p = 0.003) in outcomes. There were
no changes in Kellgren-Lawrence grade
throughout the study period in any
group. MRI demonstrated decreases in
the size of chondral defects on the tibia
and femur in the high-dosage group,
with no changes present in the low-
dosage or medium-dosage groups.

Many of these preliminary studies
evaluating the efficacy of bone marrow
and adipose mesenchymal stem cells as
well as safety appear promising and
safe®® but have small patient numbers
and lack long-term follow-up. Several
randomized controlled trials are cur-
rently ongoing to confirm these
preliminary findings™®.

Tissues

Studies on allogeneic matrices from

amniotic or placental-derived tissues
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have found clinical utility in patients for
treating ocular wounds, skin ulcers,
burns, and wounds. These matrices
possess antibacterial, anti-inflammatory,
antiadhesive, antiangiogenic, and im-
munomodulatory properties, which
make them ideal candidates for use in
tissue regeneration therapies. One of the
most promising aspects of the amniotic
membrane and chorionic membrane,
from a tissue engineering and regenera-
tive medicine perspective, is the readily
available and developmentally juvenile
stem cells found within the extracellular
matrix of these membranes. In a pilot
study, Vines et al. followed 6 patients for
12 months after intra-articular injection
with a cryogenically preserved amniotic
suspension allograft consisting of par-
ticulated human amniotic membrane
and human amniotic fluid-derived cells
(ReNu; NuTechMedical). No signifi-
cant injection reactions were noted, and
there was no significant effect of the
amniotic cells on blood cell counts,
lymphocyte subsets, or inflammatory
markers. The study demonstrated the
feasibility of a single intra-articular in-
jection of amniotic cells for the treat-
ment of knee osteoarthritis™’.
Companies are marketing these
products derived from perinatal pro-
ducts as regulated by PHS Act 361.
Multiple FDA letters have suggested
that these products do not meet the au-
tologous and homologous criteria re-

. . . . 314
quired to avoid preclinical studies®™°.

Discussion

There are still many questions about
platelet-rich plasma and its effectiveness
for knee osteoarthritis. Differences in
preparation technique make effective
evaluation and comparison difficult.
Both DeLong et al.®! and Mishra et al.*?
have proposed systems that classify
platelet-rich plasma preparation
methods by activation mechanism,
platelet number, and/or cell content.
This will ultimately help to standardize
platelet-rich plasma preparation and aid
in comparison of clinical trials and out-
comes obtained following platelet-rich
plasma injections, providing the first
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step toward demonstrating the efficacy
of platelet-rich plasma for the treatment
of knee osteoarthritis.

Bone marrow mesenchymal stem
cells currently remain the only stem
cell product that appears to be ap-
proved by the FDA without any po-
tential questions about use. Optimal
cell number determination for appro-
priate clinical effect and long-term
clinical studies are still necessary to
fully understand their role and when
they should be instituted in the overall
algorithm of management of the pa-
tient with knee osteoarthritis. Use of
adipose stem cells is complicated by
warning letters from the FDA sug-
gesting orthopaedic use to be im-
proper. The 2017 FDA open forum
meeting will undoubtedly provide
more regulatory insight and guidelines
on the orthopaedic use of these
biologics.
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