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Objectives

Learn: types of stem cell therapy (SCT) 700
g—
,

for SCI

Understand: state of research about
effectiveness of SCT for SCI

Apply and Evaluate: safety, risks, and Evaluating
potential benefits of participating ina
stem cell therapy, clinic, or study
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Outline

1.Background and types of stem cells
2.Review of current study results

3.Ethics of stem cell therapy and questions
for future studies
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Where do stem cells come frome@e

« Autologous — from selt
« Allogenic - from other people
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Types of cells used in reviewed studies
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Outline

. SCI epidemiology and types of stem cells
. Review of current study resulis

. Ethics of stem cell therapy and questions for
future studies



Search through medical literature

. . . 329 articles identified
Filter: Humans, English nrougbrbrimary
search

Not every search result is a good one

4 articles identified
from references of
primary search

classification

| 978 patients

Read and analyzed @@ final TOTO'
anGHysis







Variables

= Timing after injury

= Completeness

= Type of cells

= Dose of cells

= Route of administration



Who were in these studies?e

= Mix of patients with chronic and acute injuries,
paraplegia and tefraplegia, complete and incomplete

= Majority of patients had chronic injuries, mix of
parapleqia or tetraplegia, and were complete




Cell Types

The majority of studies in this review assessed the
effects of autologous MSCs as treatment for SCI.

From self
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Stem cell therapy: did it helpe

Change in AIS (ASIA) classification (A-E)

39 studies

!

26 documented AIS

¢ \
18 8

Benefit No benefit



It helped! What's the problem®e

« These studies were all very different u
 different injury levels, completeness, time since injury,
cells used, number in study, non-randomized, non-blind
« Although these were in “peer-reviewed” journals,
overall they are not very “strong” studies



Archives of

Physical Medicine and Rehabilitation

“[|Of those with neurologically complete injuries at 1
year], 3.5% improved to AlS B, and up to 1.05% each
improved to AIS grades C and D at S years postinjury”




ACRM

AMERICAN COMGRESS OF
REHABILITATION MEDICINE

Archives of Physical Medicine and Rehabilitation

journal homepage: www.archives-pmr.org

° Archives of Physical Medicine and Rehabilitation 2016;97:1647-55

ORIGINAL RESEARCH
Patterns of Sacral Sparing Components on Neurologic
Recovery in INewly Injured|Persons With Traumatic

\!) CrossMark

Spinal Cord Injury

Initial
AlS

AIS Grade at Discharge (%) AlS Grade at 1 Year (%)

grade A B B C
A 80.2 13.1 6.2 0.5 /2.2 10.7 13.9 3.2
B 5.0 53.4 33.9 /.7 10.7 35.7 32.2 214
C 1.8 2.0 443 51.9 1.8 6.4 19.3 /2.5
D 0.4 0 0.6 99.0 0 0 0 100




Study example of "success”

Korean study that used autologous MSCs into the spinal cord or spinal

space (via spinal tap):

« Patient 1 (8 months from injury) started at less than antigravity
strength in elbow flexors/extensors and wrist extensors and
returned to near-full strength in those muscles at 40 months post-
treatment

« Patient 2 (38 months from injury) started at antigravity strength in
elbow extensors and regained full strength in those muscles at 39
months post-treatment

« Patient 3 (96 months post injury) started at flicker o near-anfi-
gravity strength in finger muscles and regained full stfrength in
those muscles at 30 months post-freatment

Park 2012



Expected functional outcomes

TABLE 6. E d tonal O Level C5 TABLE 6. Expected ional Ou Level C6
Expected Functional Outcomes | Equipment FéM,Mssnizt%nce IIJ;ta Expected Functional Outcomes | Equipment Féwmii,:m;:e ?;ti
Exp e xp e
. § § Respiratory Low endurance and vital capacity
Respiratory Low endurance and vital capacity secondary to paralysis of
secondary to paralysis of intercostals; may require
intercostals; may require assist assist to clear secretions
& coar searetioes Bowel Sol | Padded tub bench with d 1-2 1 1
- " owe me to total assist * Pa tub bench with commode -
Bowel Total assist Eﬁg:g ira?gfar{ fg{}”g’;ﬁgg wﬂ]r or 1 1 1 cthut or padded shower/commode
chair
- comm.od'e cutlcul — * Other adaptive devices as indicated
Bladder Total assist a?:&t,'iﬁf ; E:;Zﬂ%{i:,ﬁ indicated ! ! ! Bladder Some to total ass \;t wréh g Adaptive devices as indicated 1-2 1 1
equipment; may be independent
Bed Mobility Some assist » Full electric hospital bed with wﬁthaeg bag en'):ptymg P
T;Fgﬁ':g:#{% eature with Bed Mobility Some assist * Full electric hospital bed
ide rails SR dard bed
« Full to king st
Bed/VWheelchair Total assist = Transfer board 1 1 1 muay ge i','-,‘ﬁicaﬂdar
Transfers * Power or mechanical lift - -
- - - - Bed/Wheelchair Level: Some assist to independent| * Transfer board 3 1 1-3
Pressure Relief/ Independent with equipment * Power recline and/or tilt wheelchair Transfers Uneven: Some to total assist « Mechanical lift
Positioning * Wheelchair pressure-relief cushion
» Hand splints Pressure Relief/ Indty)endent with equipment * Power recline wheelchair
» Specialty bed or pressure-relief Pasitioning and/or adapted techniques * Wheelchair pressure relief cushion
mattress may be indicated * Postural support devices
s Postural cunoort devicec > Press :ﬁﬁﬂ uéﬁn‘:ﬁ oroverlay
Eating Total assist for setup, then * Long oppanens splint 5 5 2565 may be indicate:
independent eating with * Adaptive devices as indicated Eating Independent with or without Adaptive devices as indicated 5-6 5 |46
equipment eguipment; except cutting, .g., u-cuff, tendenosis splint,
Dressing Lower extremity: Total assist » Long opponens splint 1 1 14 which is total assist adapted utensils, plate guard)
Upper extremity: Some assist * Adaptive devices as indicated Dressing Independent uppe:’ extrer;'lity; ‘Ad'aptlijve deviies :-1ks i'ndica.ted 1-3 2 1-5
- - " n = some assist to total assist for €e.g., button; hook; loops on zippers,
Grooming Some to total assist . h?fgigfgg:\iinci:ﬂr;:asdimted -3 1 -5 lower extremities pants; socks, velcro on shoes)
- - " Grooming Some assist to independent Adaptive devices as indicated 3-6 4 |26
Bathing Total assist f;ggz?ﬁ%?ﬂt:gcﬁec'ht:pm or 1 1 1-3 with equipment {e.g., U-cuff, adapted handles)
» Handheld shower Bathing Upper body: Independent * Padded tub transfer bench 1-3 1 1-3
Wheelchair Power: Independent Power: Power recline and/or tilt with [ [ 5-6 Lower body: Some to total assist . iﬂj???::régeggggenggzlgd
Propulsion Manual: Independent to some arm drive contro\ . Hangheld shower
assist indoors on noncarpet, Manual: ﬁhtweight riﬁid or folding
level surface; some to total frame with handrim modifications Wheelchair Power: Independent with Manual: Lightweight rigid or folding 6 6 4-6
assist outdoors Propulsion itf.;dar‘d e‘mg drw%un alld?urfaces ;rame w;}‘h modified rims "
- - N , nual: Independent indoors; ower: May require power recline or
Assist Required . mﬂ&f&lﬂgﬁgm 160 | 23% [10-24 some to total assist outdoors standard upright power wheelchair
* Able to instruct in all Assist Required * Personal care: & hours/day
* Homecare: 4 hours/day 10* 17* | 8-24*

aspects of care

*Hours per day.

*Hours per day.

Spinal Cord Injury CPG 1999




TABLE 6. Expected Functional O Level €5 TABLE 6. Expected Functional Outcomes Level C6
Expected Functional Qutcomes | Equipment FIM/Assistance Data Expected Functional Outcomes | Equipment FIM/Assistance Data
Exp | Med | IR Exp | Med | IR
Eating Total assist for setup, then * Long opponens splint - 5 5 2555 -
independent eating with * Adaptive devices as indicated Eating Independent with or without Adaptive devices as indicated 56| 5 |46
equipment enllq\'prrllent; except cutting, (e.g., u-cuff, tendenosis splint,
Dressing Lower extremity: Total assist * Long opponens splint 1 1 1-4 which is total assist adapted utensils, plate guard)
Upper extremity: Some assist * Adaptive devices as indicated Dressing Independent ufper extremity; Adaptive devices as indicated 1-3 2 1-5
Grooming Some to total assist * Long opponens splints 1-3 1 1-5 f"me “Sgt “’.t.“m assist for (”‘gi-svb”“‘;;“ h‘i"’k? "’“F’; ””)Z'PP“<
« Adaptive devices as indicated lower extremities pants; socks, velcro on shoes|
- : Grooming Some assist to independent Adaptive devices as indicated 6| 4 |2-6
Bathi Total t » Padded tub transfer bench 1 1 1-3 r .
athing ofal assis sl?uwzr/cl-lommagdeeéhﬂ? or J with equipment (e.g., U-cuff, adapted handles)
» Handheld shower Bathing Upper body: Independent . * Padded tub transfer bench 1-3 1 1-3
Wheelchair Power: Independent Power: Power recline and/or tilt with 6 6 5-6 Lower body: Some to total assist . irdsh%yveré‘commude Chg”'d
Propulsion Manual: Independent to some | arm drive control oH aghvfd iwces as neede
assist indoors on noncarpet, Manual: Lightweight n‘ﬁid or folding ancheld Shower
level surface; some to total frame with handrim modifications Wheelchair Power: Independent with Manual: Lightweight rigid or folding 6 6 |46
Propulsion standarld arr{rj\ driv?1 on all ;urfaces frame with modified rims |
" " . . Manual: Independent indoors; Power: May require power recline or
Assist Required . E‘gﬁ:e'gr:f"; h:)gg%jgf day 16* | 23* [10-24* : : some to total assist outdoors standard upright power wheelchair
= Able to instruct in all Assist Required » Personal care: 6 hours/day
aspects of care » Homecare: 4 hours/day 10* | 17* | 8-24*
*Hours per day. *Hours per day.

Independent

Independent with assistive device
Supervision

Minimal assistance

Moderate assistance

N W N~ O O~ N

Maximal assistance

1 Total assistance Spinal Cord Injury CPG 1999
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Discharge 0
Plan Medical Travel

Medical Centers  Pack Drop at the Alrport ’2
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Results 1-10of 1279

Spinal Cord Reconstruction and Stem Cell Implantati
Spinal Cord Injury in Beijing China

At Beijing Puhua International Hospital, the price for the Spinal Cord Reconstruction N sly vAve b o b o g5
Cell Implantation package starts from $30,780 (4 weeks, non-surgery) and $33,783 . [l - C ( - J

(5 weeks, cervical segment).

§36780 "

Best Stem Cell Therapy for Spinal Cord Injury in Eurg

ER TO CURE

Are you tired of bad treatments? Would you like to enjay life like you did? Don't worry we got Chaase one this Stem Cell Therapy for Spinal Cord Injury and get an your feet scon! Stem Cell
the right thing for you. You can enjoy walks with your family again for just 7,000 euros. Therapy for Spinal Cord Injury in Asia. You can walk again and enjoy your life for anly $9,900. chi

Pj :kaiweaiao View Package P; ck§e§iBo View Package
27000 ____ I3 — @ 5. REGENERATION
& Stem Cell Therapy in India for Severe Spinal Cord Injury ’nﬁ‘ Stem Cell Therapy for ALS in Vienna Austria . 0 Center Or ThOlIO nd

Choose this Reelabs stem cell therapy for severe spinal cord injury and get back on your feet
right now! ReeLabs is one of the most reputed centers in India for Stem Cell Therapy
treatments especially for severe injuries such as spinal cord and neurological affections.

The stem cell therapy for ALS can help patients struggling with the condition to improve their et
health, by relieving the symptoms and slowing the pragression of the disease.
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Beike Stem Cells

Different Types of Stem Cells for Different Purposes

|

Beike is only using adult stem cells (also called somat:c stem cells) in its treatment protocols and does not provude embryonic stem cells Itis umportant to remember that

while embryonIC> Zal ol leo bt adloal Semvotiio my: "l - - e o)
not Compromlse Ol

1 22,500 Eatlents with no serious adverse reaction reEorted

The adult stem cells provided in our treatment protocols come from two distinct sources: umbilical cord tissue and umbilical cord blood. This allow us to provide our
patients with Umbilical Cord Blood Stem Cells (UCBSC) and Umbilical Cord Mesenchymal Stem Cells (UCMSC) separately or in combination depending on each
patient's specific condition and need. Umbilical cord derived stem cells do not draw any concern from the scientific community and have been proven effective for a wide
range of conditions.



TITLE 21--FOOD AND DRUGS
CHAPTER I--FOOD AND DRUG ADMINISTRATION
DEPARTMENT OF HEALTH AND HUMAN SERVICES

SUBCHAPTER D--DRUGS FOR HUMAN USE

An adverse event or suspected adverse reaction 1is
considered “serious” if [..] 1t results in any of the
following outcomes: Death, a life-threatening adverse
event, 1npatient hospitalization or prolongation of
exl1sting hospitalization, a persistent or significant
incapacity or substantial disruption of the ability to
conduct normal life functions, or a congenital
anomaly/birth defect.

US FDA Code of Federal Regulations
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https://youtu.be/EhoYby-V4aE?t=36s

« 18 year old woman
at time of injury

« 3years later
underwent olfactory
(nasal cell) fransplant

- 8years later had
back pain

What is this?

Dlouhy 2014



Why aren’t there more stem cell frials for SCI?

« Lack of standardization (type of stem cell, dose, route)
 Difficult to randomize and/or control, small study sizes

« FDA approval (usually lacking or slow)

« Expensive (cost of treatment, travel, sick fime)

« Unclearlevel ofrisk



Outline

1.SCI epidemiology and types of stem cells
2.Review of current study results

3.Ethics of stem cell therapy and questions
for future studies




What's ethics got to do with ite

R it beneficence

ethi¢s

non-maleficence



Excerpt from one paper...

The first consent should be obtained before operation
shortly after the injury occurs, but in this case the patient was
sedated and his family was upset,

Saito 2008



Medical Vulnerabllity

“Social groups who have an increased relative risk or
susceptibility to adverse health outcomes”

Flaskerud 1998



Balance in reporting: is it #fakenews?

On SCI Advocacy websites that
mentfioned stem cells...

Positive:negative state

Ethics-related informatio
comprised 20% of total content

\@\9 reeﬁ‘iﬁgeaSSO

Parke 2010



Risks of social media

Most SCI tweets pertaining to stem cell therapy

neutral or positive

Robillard 2015



“What would you want your chances to be for getting
some functional recovery backe”

40

30

20
10 I
B = 1 =

s1% 1-5%  5-25% 25-50% 50-75% 75-90% 290% |

Minimum chance of functional recovery
required for entering a SCT research ftrial

Kwon 2012



Risk-taking

Cerebrospinal Fluid Leakage Infection / Meningitis Nerve Pain

Spinal Cord Damage Cancer
Causing Worse Function

0 0.1% 0 1% @ 3% B 5% W 10%

B Would have participated regardless of risk

Kwon 2012



The literature supports that:

= Mqgjority of stem cell therapy information is neutral or
positive, both on websites and social media

= Maqjority of respondents (8 of 10) would be safisfied with
1-50% chance of functional recovery from SCT

= Up to 25% of respondents willing o parficipate in SCT
regardless of risk



Questions About Experimental Treatments
for Spinal Cord Injury.

Were assessments of lesions, interventions, and
other evaluations performed in a blinded fashion by
multiple observers?

Were animals showing a rate of recovery that was
too rapid for regeneration (or even rescue) or were le-
sions that were incorrectly staged eliminated from the
data set?

Were observation periods carried out for at least
4 months after the intervention?

Were the longitudinal fibers of the cord traced both
before and after a lesion to distinguish preexisting (un-
severed) tracts versus recreated or reclaimed tracts?

Were the tracts or cells that were credited with re-
covery then removed experimentally to show that their
elimination returned the animal to the pretreatment
state? Was there plausible molecular, cellular, and his-
tologic evidence of a sufficiently robust regenerative
process?

Were measures of open-field behavior analyzed with
appropriate statistical rigor and an appreciation for the
pitfalls of that type of assessment?

Were approaches other than open-field testing used
to evaluate spinal function?

Were improvements in cortically recorded motor
and sensory evoked potentials documented?

Are the results reproducible?

If transplanted cells are required, can they be isolat-
ed, characterized, and safely scaled up within a time-
frame that can produce an effect on a freshly injured
human spinal cord?

Questions when reviewing future
studies

Were assessments performedin a blinded
mannere

Were participants followed and observed for
at least 4 months after the treatment?¢

Are the resultsreproducible?

Snyder 2012



Essential questions to ask a stem cell clinic

Is the treatment FDA-approved, and if not, why not?

Will this affect whether | can get into another clinical trial?

What benefits can | expect?

How will this be measured, and how long will it take?

From the Christopherand Dana Reeve Foundation



Essential questions to ask a stem cell clinic

What other medications or special care might | need?

How is this stem cell procedure done?

What is the source of the stem cells?

How are the stem cells identified, isolated, and grown?

From the Christopherand Dana Reeve Foundation



Essential questions to ask a stem cell clinic

» Are the cells differentiated into specialized cells before therapy?
« How do | know if the cells are delivered to the right part of my body?

« If the cells are not my own, how will my immune system be prevented from reacting to the
transplanted cells?

« What do the cells actually do, and is there scientific evidence that this procedure could work for
my disease or condition? Where is this published?

From the Christopherand Dana Reeve Foundation



. THE MIAMI PROJECT
On the horizon... T0 CURE PARALYSIS éﬁt

Hospital Sao Rafael — autologous MSCs é\\\\w’///é DANANGIHOSRITAL
Ferrer — allogenic MSCs \1/

Sun Yat Sen —umbilical MSCs

Beijing— MSCs or NSCs on collagen scaffold " f

Miami - autologous Schwann errer
Da Nang — autologous mononuclear N

Sci star — oligodendrocyte progenitor ‘ SC)I
UCSD - neural stem BIOARCTIC clar
BioArctic — FGF1 and peripheral nerve

UC San Diego Health

Excerpted from SCOPE 2017



Non-SCT

SPRING trial VX-201/Cethrin

Eusol rFGF

Rick Hansen Minocycline

RISCIS Riluzole

Kringle Hepatocyte GF

OSu Glyburide

Kessler Dalfampyridine

Others Hypothermia, HBO, AlIH, BP

Excerpted from SCOPE 2017



I'm inferested in learning more... what do | do nexte




INNIOIRNWN o5 Sriv CeLL ReSEARCH

Closerlookatstemcells.org



How do | learn more about clinical frialse

VI3 P) Clinical Center

America's Research Hospital

The Studies”

Find NIH Clinical Center Trials

The National Institutes of Health (NIH) Clinical Center Search the Studies site is a registry of publicly supported clinical studies
conducted mostly in Bethesda, MD.

Keyword: Enter Diagnosis or Keyword

| search [



Take-home poinfts

« Stem cell therapy for spinal cord injury has shown
some benefit, but is not without risks of its own;
additionally, “benefits” are not quaranteed

* |If you are considering stem cell therapy: Do your
homework!

« Beware of anecdotal evidence or testimonials
* [Tt sounds too good 1o be true, it probably is
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