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Overview

- Regenerative Medicine

- Stem Cells
- Embryonic
- Induced Pluripotent
- Endogenous Progenitor
- Hematopoietic Stem Cell (HSC)
- Mesenchymal Stromal Cell (MSC)

- Unproven Stem Cell Therapies

The University of Vermont
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Relevance to you

- Early development and normal tissue
repair

- Disease research and drug
development

- Cell therapy

- Tissue engineering and regenerative
medicine

J The University of Vermont
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Regenerative Medicine: Bioengineering New Tissues and Organs

- Stimulating the body's own repair mechanisms to
heal previously irreparable tissues or organs

The University of Vermont
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Regenerative Medicine: Bioengineering New Tissues and Organs

- Growing tissues and organs in the laboratory for
implantation when the body cannot heal itself

The University of Vermont
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Regenerative Medicine: Bioengineering New Tissues and Organs

- Growing tissues and organs in the laboratory for
implantation when the body cannot heal itself

Skin, bone, cartilage

In evolution for more complex organs:
heart, lung, liver, brain

ﬁ The University of Vermont
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Regenerative Medicine: Bioengineering New Tissues and Organs

- Development of organ-tissue adjunct devices
Artificial kidneys: Hemodialysis

Left ventricular assist devices ("artificial” hearts)

ﬁ The University of Vermont
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Regenerative Medicine: Bioengineering New Tissues and Organs

1st Regenerative Medicine Scientist?

ﬁ The University of Vermont
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Embryonic Stem Cells

Potential uses of
Stem cells

Stroke Baldness
Traumatic brain injury N
Learning defects
Alzheimer's disease
Parkinson's disease

Blindness
Deafness

Amyotrophic lateral-

Missing teeth sclerosis

Wound healing

Bone marrow
transplantatlon

Myocardial
infarction

Osteoarthritis4 . | .54 AL Multiple sites:
Rheumatoid arthritis Crohn s disease Cancers

Theoretically Unlimited Potential

il The University of Vermont
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Where do we get Human Embryonic Stem Cells?

Embryonic Development

Fertilised ogg  2-coil 1tage Aol vtago ool page Tifh-coll W1age

€E¢ &

Pt - 1 wbion. Fobie - 20wk

M The University of Vermont
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Embryonic Stem
Cells

Mouse: 1960’s
Human: 1998

Differentiate into all
adult tissues

147‘1 The University of Vermont
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WHAT ARE EMBRYONIC STEM CELLS?

Embryonic stem (ES) cells are derived from the portionof avery  body. Because ES cells originate in this primordial stage, they
early stage embryo that would eventually give rise to an entire retain the "pluripotent” ability to form any cell type in the body.

FERTILIZED EGG
(1 day)

CELL FATE
Less than a week after a human eggis fertilized, the developing embryo contains
about 100 to 150 cells that have yet to differentiate. The embryo is a hollow ball,
called a blastocyst, consisting only of an outer cell mass, which in a pregnancy would
later form the placenta, and an inner cell mass [ICM), which would become the fetus.
Inside a womb, these cells would i iplying, beginning to ialize by the
third week. The embryo, called a gastrula at

this stage, would contain three distinctive - BLASTOCYST
germ layers whose descendants would : (5106 days)
ultimately form hundreds of different 5

tissue types in the human body.

GASTRULA
(1410 16 days)

EMBRYONIC GERM
LAYERS AND SOME
OF THE TISSUES IN
THEIR LINEAGES

ECTODERM

[internal layer) [middielayer) (exteral layer)
Pancreas Bone marrow Skin
Skeletal, smooth and Neurons
cardiac muscle Pituitary gland =
Heart and blood vessels Eyes -
MAKING EMBRYONIC STEM CELLS

Kidney tubules Ears

N To create ES cell lines, scientists remove the
\ inner cell mass from a blastocyst created in
the laboratory, usually left over from an
attempt at in vitro fertilization. The ICM is
placed on a plate containing feeder cells, to
which it soon attaches. In a few days, new
cells grow out of the ICM and form colonies
[above). These cells are formally called
embryonic stem cells only if they meet two
criteria: they display markers known to
characterize ES cells, and they undergo
several generations of cell division, or
passages, demonstrating that they
constitute a stable, orimmortalized, cell line.

ANDREW SWIFT




Where do we get Human Embryonic Stem Cells?

Embryonic Development

Fertilised ogg  2-coil 1tage Aol vtago ool page Tifh-coll W1age

€E¢ &

Pt - 1 wbion. Fobie - 20wk

M The University of Vermont
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How can ESCs be potentially used?

Potential uses of

Stem cells
Stroke Baldness

Traumatic brain injury 3 '
Learning defects— J4m w=¥ — Blindness
Alzheimer's disease i
Parkinson's disease : Deafness
Missing teeth Amyotrophic lateral-

Wound healing

Bone marrow
transplantation 1
(currently established

77 T Diabetes

Osteoarthritis 4 . | B Muttiple sites:
Cancers

Goal: Repair damaged or diseased tissue

Administer ESCs

Go to damaged organ and differentiate into organ-specific cells

Differentiate the ESCs to the desired cells or tissue and then administer

The University of Vermont
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Clinical Trials of ESCs

Initial trial in spinal motor atrophy (Geron)
- Trial halted after possible allergic reactions

Currently 22 trials listed on clinicaltrials.gov

- Opththalmologic: ESC-derived retinal cells
- Macular degeneration

- Cardiac: ESC-derived cardiac cells
- Heart failure: 1 safety trial in France

- Neurologic
- Parkinson’s disease: ESC-derived neural cells (China)
- ALS: ESC-derived neural cells (Israel)

The University of Vermont
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Issues with using ESCs

- Ethical, moral, religious, political

- Teratomas

Tumors containing multiple types of tissues
Skin
Muscle
Bone
Hair
Teeth

The University of Vermont
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Induced Pluripotent Stem Cells (iPSC)

H *—Mult&ll
« Turn on genes essential for
normal embryonic development iPs _
that are turned off in adult cells VT * factors
» De-differentiate adult cells to a sﬂa iPs Cells
functional equivalent of ESCs -
""”_“'Efim/ En}:derm \Eﬂﬁ.df_’mgn
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2012 Nobel Prize in Medicine to Shinya Yamanaka
“Yamanaka Factors”

The University of Vermont
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Issues with using Induced Pluripotent Stem Cells (iPS)

The two main components
of the epigenetic cade

- Teratomas: same as ESCs

DNA mathylation
Wiethyl marks added 1o certan
DNA basis repress gans achvity,

- Epigenetic memory
- Once a skin cell, always a skin cell

Histene medification

A carmbinstion of different
melecules can attach to the “ails'
of protelns called histanas. Thase
alter tha activity of the DMNA

EGITDS0mE

The University of Vermont
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Clinical Trials of iPSCs

- Currently 37 trials listed on clinicaltrials.gov
- All to obtain tissue: generate disease-specific iPSCs
- No interventional trials Many years from clinical use

The University of Vermont
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Clinical Trials of iPSCs

- Currently 37 trials listed on clinicaltrials.gov
- All to obtain tissue: generate disease-specific iPSCs
- No interventional trials Many years from clinical use

Current Uses of iPSCs

Disease-specific iPS cells
Drug testing

il The University of Vermont
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Alternatives to ESCs/iPSCs: Endogenous Progenitor Cells

« Every organ has its own stem cells

* Respond to injury/aging within the tissue

° Found in: Submucosal Gland Stern Cells
— Marrow
— Blood vessels
— Brain
— Muscle
— Skin
— Pancreas
— Liver
— Lung
— Teeth

Basal Calls

Fal Vel o

Varlant Clara Cells

The University of Vermont
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Endogenous Progenitor Cells

*Function in development, repair, aging (?)
*Found in every organ

*Most data in mice: less information in humans

*Homeostasis not well understood _:f%,\’

*Potential role as cancer stem cells . .
Normal airways wemsss)  COPD airways

- Mucous SCGB- | Ciliated cells, Squamous  Mucous (goblet) cell
Cillsted (goblet) cell expressing short cilia metaplasia hyperplasia
_ cells | secretory cells
ig
junctions

*Many years from clinical application

Basement

Basal b hyperplasia @Altered ECM
cells memoiant ® ® airway fibrosis
Airway O
capillary / Fibroblasts —
Airway mesenchyme Altered angiogenesis

The University of Vermont
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Adult Stem Cells

STEM CELL STOREHOUSE

Eosinophil

. Bone marrovr . g f /
Bone marrow contains several |- . ) BiSajin
different types of stem cells ; | AL\

Bone marrow is home to

the most studied model of
adult stem cells, hematopoietic
stem cells, which give rise to

Hematopoietic stem cell progenitors o the blood ndi

cell families. Bone marrow also

( H S C ) contains cells that embody the many
unresolved questions about adult stem

cells' identity and abilities. Stromal

stem cells produce fat and bone

precursors and may be progenitors of

Mesen Chyma| stromal cell oridenticalto—other recently

discovered cells known as '
(M S C ) mesenchymal stem cells and !

multipotent adult progenitor cells .
[MAPCs). In addition, purported adult s o
stem cells have been discovered in a

variety of tissues, including the brain, \ ) % \ Tlymphocyte - { :
eyes, skin, muscle, dental pulp, blood o . S~
vessels and gastrointestinal tract, Osteoblast y {

although researchers cannot say Blymphocyte
conclusively whether the cells originate
inthose tissues or are descendants of

circulating hematopoietic stem cells. Natural killer cell ANDREW SWIFT

ematopoietic  Monocyte
Pty

Myeloid
progenitor
cell

Multipotential Neutrophil L8 i
stem cell T
Lymphoid " P

Prog!

MAPC

Lanza and Rosenthal Scientific American June 2004

The University of Vermont
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HSCs and Bone Marrow Transplantation

« HSCs are obtained from bone
marrow or blood

3. 1?;tam cells stored
2. Stem cells are Orfrozen
— Autologous collected 4. Chamathertsy Jestroys

. bone marrow
— Allogeneic

* Administered after chemo or
radiation therapy to restore bone

5. Stem cells
marrow E?Mﬁ?ﬁm
1. Bone marrow
 FDA-approved uses {:’ﬁ‘&’ﬂ?ﬁ orioce ﬁﬁ'ﬂﬁ-ﬂ:ﬁn
— Leukemias
— Lymphomas

— Other hematologic diseases

The University of Vermont
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D
MSCs

* Initially isolated from bone marrow
« Adipose, placenta, cord blood, other tissues

« Differentiation ability: “stem cell” role
— Bone, fat, cartilage

* Immune regulation

Live along blood vessels

Sample and react to inflammatory
environments

The University of Vermont
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MSC Immunomodulation ®

Immune Requlation B cells idmmmwmm
-Inhibit immune cells i & - Soeiiarion
L cytotoxicity  + 4+ L CTL formation
4 IFN-y e e 4 IF T4
‘_ —p - Ti-10
Don’t provoke immune response .
- Don’t express immune markers i celle g;’g:; orer \ o Tfi'o':fm e
- Allogeneic use 8::1, —
OTGFH

Clinical Application Monocytes  IDCs mocs <
Clinical trials: graft vs host disease (GVHD), Crohn’s, multiple sclerosis, others

Approved/Marketing Authorization

Refractory graft vs host disease: Canada, Japan, New Zealand
Perianal fistulas in Crohn’s disease: European Union
Critical Limb ischemia (Buerger’s disease): India

No MSC-based cell therapy is approved in the US

J The University of Vermont
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Interim Summary

- Regenerative Medicine :
Paramecium Parlor

- Stem Cells

- Endogenous Progenitor po 00

s

- MSC
- Approved/proven uses of HSCs

- Promising research for others
- No approved therapies in US

ﬁ The University of Vermont
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- Embryonic When | row up. Im¥ 1M gonina be a Y I'm donna be
. Induced Pluri potent gonna be a neuron! A muscle celll _4 Optimus Prime!
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Stem cells on career day




Unproven Stem Cell Therapies

- Research and Clinical realities:

- Few cell-based therapies are standard-of-care
or approved by regulatory agencies

- Patient expectations:

- Patients with chronic or end-stage diseases will seek
unproven (stem) cell treatments motivated by therapeutic
hope

- High global demand for (stem) cell-based therapies

- The (problematic) answer:
- Worldwide proliferation of “stem cell” clinics

- Unproven, untested and potentially dangerous (stem) cell
treatments

- Different regulatory frameworks exacerbate the problem

ﬁ The University of Vermont
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Unproven Stem Cell Therapies

GOT PAIN? ' y
GELL THERAPY /)

Right Need Wrong Answer

ﬁ The University of Vermont
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History of US Drug Regulation

1 THE
o
A
P rormeno ™ U. S. Races Death to

Save 700 From Elixir

Recovery of Pint Bottles Sold to Patients
Goal os Deaths From Poison Reach 36

an armless baby's play

A TRAIL OF HEARTBREAK

1906 — US FDA established: 1938— Passage of Ifood, 1962.— FDC:A amendgd to
accurate labeling Drug, and Cosmetic Act require efficacy testing
(FDCA); safety testing *(PMDA established in 2000)

?& The University of Vermont
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History of US Drug Regulation

RS,

 SUAKE OIL
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FDA Pathways for New Therapies

IND +
Phase 0 Phase1 Phase2 Phase3 Approval
Safety Safety
Efficacy Safety Efficacy Efficacy
Properties Dosing I‘
Fast Track, Breakthrough Therapy Designation, J .
Accelerated Approval, Priority Review Vi o« I

m=zzzzzzazeseee—————

\Compassionate Use / Stem Cell
RTT g Clinics/Tourism

\ -~

Knoepfler, Adv Drug Deliv Rev, 2015

The University of Vermont
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FDA Pathways for New Therapies

DRUG DEVELOPMENT PROCESS

10,000

COMPOUNDS

&S

250
COMPOUNDS

IND SUBMISSION

PHASE

20to 100
patients

i

COMPOUNDS

PHASE
Il:

100 to 500
patients

NDA SUBMISSION

1
FDA
APPROVED DRUG

M The University of Vermont
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Speeding the Process: January 2019 FDA Statement

Bench » Bedside
PII:;:O Phase1 Phase2 Phase3 Approval
Sﬁl’;’é’y Safety  Efficacy Eﬁl?é;::yy T
» >800 active INDs for cell or gene therapy products Propertes Dosig /
Fast Track, igh Therapy Desig A Yl .
mmme e L ™|
* FDA's projections for cell and gene therapy products -\ 7 .
« By 2020, >200 INDs/year ‘("’"""’:"‘#"‘ﬁe/ e et
« By 2025, 10-20 approvals/year N -

* Planned to hire 50 additional clinical reviewers in 2019 to keep pace

» Guidance documents for specific diseases, cell-based
regenerative medicine products

» Accelerated approval pathways
» Regenerative Medicine Advanced Therapy (RMAT)

J The University of Vermont
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Speeding the Process

Regenerative Medicine Advanced Therapy

(RMAT)
Bench » Bedside
« Cell therapy intended to treat, modify, Dt Phase1 Phase2 Phase3 Approval
reverse, or cure a serious or life- Safety , Safety
. . . Efficacy  Safety  Efficacy  Efficacy P t
threatening disease or condition and has Properties Dosing J
the potential to address unmet medical T coraisd o, Frovy Rovow  #'y |

needs for such disease/condition

e

\Compassionate Use / s\«em'cgﬂ
. . . . RTT
 Preliminary clinical evidence _ 7 Chewiamn

» Use of real word evidence (e.g.
observational data)

The University of Vermont
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Speeding the Process

As of September 2019
* 108 Regenerative Medicine Advanced
Therapy (RMAT) designation requests
received overall
. jCyte

FORTRESS “Pmesoblast

* 40 RMAT requests granted overall

'Copricor
ﬂﬁﬁ?.ﬁ’?ﬁ,jhagpoww bluebirdbic 'ﬁASTE-RlAS-
 Indications vary widely — stroke, spinal [RMAT Designqtions}m‘bm
cord injury, sickle cell disease, muscular SRENZYVANT A e
Athersys
dystrophy, others Kiadi ~~~~~~ J UﬁO ~ Mallinckrodt
Y VERICEL

» Major benefit: accelerate regulatory
approval process

The University of Vermont
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Medical Tourism
Travel to a country with
less stringent regulations

Obtain treatment not
otherwise available

Two glucose molecules

o Cyanidgl;oup
H H_.O

o OH Amygdalin
HO
HO
H OH
H H
HO

The University of Vermont
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Stem Cell Medical Tourism

COUNTRY % OF CLINICS
. USA 27
China 12
India 12
Thailand 1
Mexico
Argentina
Australia
Austria
Germany
. Ukraine
. Malaysia
. Colombia

- An estimated 60,000
patients treated every
year with unproven
stem cell therapies

. Dominican Republic
. Israel

. Korea

. Lebanon

. MNew Zealand

. Panama

. Phillipines

. Russia

. Spain

- Between $300 million
and $2.4 billion spent
every year on such
treatments

A S PV S PU FE R SR PR PYOY .

Connolly et al., Travel Med. Infect. Dis., 2014
Deans et al., Cytotherapy, 2016

The University of Vermont
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The University of Vermont

Defining Unproven Cell-Based Therapies

Unclear scientific rationale to suggest efficacy

Lack of understanding of scientific mechanism and/or biologic
function to support clinical use

Insufficient data from laboratory studies, animal models, or clinical
studies to support use in patients

Lack of a standardized approach to confirm product quality or
manufacturing consistency

Inadequate information disclosed to patients in order to obtain proper
informed consent

Use of non-standardized or non-validated methods of administration

Uncontrolled experimental procedures in humans

LARNER COLLEGE OF MEDICINE

= M The University of Vermont



Unproven Stem Cell Interventions

Pain
Sports
Neuro
Immune
Sex

Lung/Resp.
Urologic

Orthopedic |
Cosmetic

The University of Vermont
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ing

~Ag
Diabetes

Gl

Alzheimer's

Hair
SCI
Peds Neuro

M. Dystrophy
Vision ®

Skin

L
g
=1
[5]
1%}
g
2
k=
]
o
M

arketed Conditions

- Mode of administration:

Kidney

Q)

Liver
Fatigue

Dental
Cancer
Ear
N.D
Sleep

Peds Diabetes

Intravenous
Intrathecal
Intramuscular
Nebulized

The University of Vermont

Marketed Stem Cell Types

G Adipose
@Bone Marrow
9 Amniotic
w
BPlacental

OUndefined

9 Adipose + Marrow
BUmbilical Cord Blood
ONon-specific MSC
OXeno

BNon-specific Allo
aipsc

OVSEL

OESC

Turner and Knoepfler
Cell Stem Cell 2016



Unproven Stem Cell Interventions

Fat
Blood
Bone Marrow

SVF
MSCs

Same day collection, isolation and re-administration

Turner and Knoepfler,
Cell Stem Cell, 2016

J The University of Vermont
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Stem Cell Clinics and FDA Regulations

- Human cells and tissue-based products (HCT/Ps) are considered
drugs (section 351 of the PHS Act): need demonstration of safety
and efficacy (e.g. through clinical trials)

- Exceptions to this rule:

- Cell products that are minimally manipulated, intended for homologous use
and not combined with other articles (section 361 of the PHS Act)

- Destined for use in the same individual within the same surgical procedure

(surgical exemption)

- Most stem cell businesses in the U.S. claim these two exemptions
to avoid having their products/interventions considered as drugs

Lysaght and Campbell, Cell Stem Cell, 2011
Turner, Trends Mol Med, 2015

ﬁ The University of Vermont
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Stem Cell Clinics: Target Aging Demographics

------------
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Turner and Knoepfler 2016

The University of Vermont T
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Businesses offering unproven stem cell interventions

] ] Misrepresentation Tokens of
Misleading ; Weak or absent g ] -

: of risks and Ao : Patient targeting scientific

advertisement e scientific rationale legitimacy

Direct-to-
consumer
advertising

Patient
testimonies

Registration to
clinicaltrials.gov

The University of Vermont

LARNER COLLEGE OF MEDICINE

Portrayal of
treatments as
routine (instead
of experimental
and unproven)

Absence of
quantitative
outcomes and/or
poor patient
follow-up

The University of Vermont

Premature
translation of
preliminary, pre-
clinical findings

Scientific
literature
appearing in
websites is
scant, outdated
or irrelevant

Patient seminars
(essentially
sales pitch)

Pressure on
prospective
patients to take
on debt or
crowdfund

Accreditations

Ethics review
(Flawed
informed
consent)

Boards and
advisers




Businesses offering unproven stem cell interventions

Misleading advertisement

- Direct-to-consumer advertising
- Social media

- Registration to clinicaltrials.gov

ﬁ The University of Vermont

LARNER COLLEGE OF MEDICINE
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Businesses offering unproven stem cell interventions

Misrepresentation of risks and benefits

- Portrayal of treatments as routine (instead of experimental
and unproven)

- Exaggerated claims of safety and efficacy

- Absence of quantitative outcomes and/or poor patient
follow-up

ﬁ The University of Vermont
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Businesses offering unproven stem cell interventions

Patient targeting

- Patient seminars
(essentially sales pitch)

- Pressure on prospective
patients to take on debt or
crowdfund

Not covered by insurance

The University of Vermont
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Businesses offering unproven stem cell interventions

Tokens of scientific legitimacy
- Accreditations

- Ethics review (Flawed informed consent)

- Boards and advisers

The University of Vermont
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An unproven/unauthorized use of cell therapy disaster

The NEW ENGLAND JOURNAL of MEDICINE

|| BRIEF REPORT

Vision Loss after Intravitreal Injection
of Autologous “Stem Cells” for AMD

il The University of Vermont
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Fighting Back

U.S. F.D.A. Regulatory Action
on HCT/Ps: The last 10 years

;& The University of Vermont

LARNER COLLEGE OF MEDICINE
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Fighting Back

Increasingly negative public perceptions of
unproven “stem cell" inferventions

Highly publicized cases of patients harmed by unproven cell-based interventions

Gbpprobferaitv Leson of the 3psral Cord w0 Complicaien
ol =Skern £l fmgram
Vishon Loss ifter Intravitreal [igection W DWEE Y WM OEE  ULY 14, 30@
of Autolopous “Stem Cells® for AMD

Negalive ::n'\.uri.;_ru.ge. b:f in',:-pr-e;;i_ i

Sl inel E
[ | st |

A deeper lnok at stem cell clinic where 3 The stem cell thergies offened by this La Jolla climic ansn’t FUR
paticnts lost sight after treatment Eﬁmm Bﬂ!l. mmtﬁ apprwed, may it wark — anel cost SE000

UrysatinFied dgrovesr pofient files clasa-sction st apsinst Ling

IasErare

Ehe New Hork Times
Eg?;:-'zwl FLA. Mouves .I!aStnp Rugue
i Clinics B . ved
The Trouble With Stem Cell Therapy &;Lmﬂeﬂm::;,:‘isuw
& nesw industry is booming. But critics wery that the treatments
are meffective ond dongerows. Here's how [0 protect yourealf

The University of Vermont
LARNER COLLEGE OF MEDICINE
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Fighting Back

Ken Picard
Seven Days

il The University of Vermont
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FIRST OPINION

Kudos to Google for banning stem cell ads.
Other tech companies should follow

By JEREMY SNYDER / SEPTEMBER 24, 2019

DENIS CHARLET/AFP/GETTY IMAGES

The University of Vermont
LARNER COLLEGE OF MEDICINE oogle took an important step this month toward restricting the reach of one breed of
‘ 21st-century snake oil purveyor: those selling stem cell treatments. Others need to
follow its lead.

B The Univer Sity Of Vermont More than 600 clinics in the U.S. and many more around the world have co-opted the potential of

neino stem cell treatmente tn enre a ranoe af medical canditione and now eell theee treatmente



Resources

- ISSCR - A patient-centered online guide: hitp://www.closerlookatstemcells.org/

- ISCT — A reference guide on unproven cellular therapies:
http://www.celltherapysociety.org/

- Cytotherapy, 18(1), January 2016 — A special section on Unproven Cell
Therapies: http://www.celltherapyjournal.org/issue/S1465-
3249%2815%29X0003-X

- Canadian Stem Cell Foundation — Short educational videos on stem cells:
http://stemcellfoundation.ca/en/about-stem-cells/what-is-a-stem-cell/

- Patient information sheet:
https://jamanetwork.com/journals/jama/fullarticle/2598269

The University of Vermont
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VERMONT MEDICAL SOCIETY RESOLUTION
Stem Cell Clinics

RESOLVED, that the Vermont Medical Society disseminate evidence-
based information to its members regarding stem cell clinics and
therapies and encourage members to have evidence based discussions
with their patients when they inquire about such services; and be it
further

RESOLVED, that VMS coordinate with appropriate professional
licensing boards, the Attorney General’s Office and other regulatory
bodies to ensure that patients seeking stem cell therapies are provided
safe and evidence-based information and services.

The University of Vermont
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Summary

- Regenerative Medicine

- Stem Cells
- Embryonic
- Induced Pluripotent
- Endogenous Progenitor
- Hematopoietic Stem Cell (HSC)
- Mesenchymal Stromal Cell (MSC)

- Unproven Stem Cell Therapies

The University of Vermont
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