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/ Topics Addressed \

e A brief introduction to stem cell clinical trials and stem-
gene clinical trials

e A review of current practices for treatment dosages in
stem cell clinical trial development and operations

e Predictions for the regulatory horizon of dosage
standardization for stem cell clinical trial development

e Emerging technologies for rapid dosing of tissue stem
cell treatments that will impact stem cell clinical trial
design and operations
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/Therapeutic Tissue Stem Cells

- REGENERATIVE MEDICINE -
LIVER HEMATOPOIETIC MESENCHYMAL
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TISSUE-SPECIFIC TISSUE-SPECIFIC TISSUE-VERSATILE
REPLACEMENT REPLACEMENT STIMULATORY

(STIMULATORY?)

NOT TO BE CONFUSED WITH EMBRYONIC STEM CELLS (ESCS) OR
INDUCED PLURIPOTENT STEM CELLS (IPSCS)
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/Tissue Stem Cell Clinical Trials\
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/Stem Cell Clinical Trials Activity\

2017-2022

“HSC transplantation”
182 trials worldwide

“Mesenchymal stem cells”
102 trials worldwide

\ https://clinicaltrials.gov
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Khidden problem in stem cell medic@

Autologous Cells (including stem-gene)

Fit Hi
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/ Dose Matters in Medicine \

&

CLINICAL RESPONSE

Evaluating Efficacy or Safety

’_———

DOSE of drug
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Dose Also Matters in \

em Cell and Stem-Gene Medicine

&

" Evaluating Efficacy or Safety
: -
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= 7/ More than a half century
‘z) // without a method to quantify the
2|/ dosage of stem cells in treatments!
Y
DOSE of Stem Cells
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/Tissue Stem Cells Are Hard To Couh
Why? Tissue Cell Subtype Heterogeneity
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/ Tissue stem cell preparations \

are always cell-type heterogeneous

Organs and Tissues Treatment Preparations

Isolation
Manufacturing

Supply @ ' D

(D = Tissue Stem Cell All Tissue Stem Cell

= Committed progenitor cell Preparations
= Mature cells (e.g., HSCs, MSCs)
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/ The “Stem Cell Dose”

All Tissue Stem Cell
Preparations

QHSCS, MSCs)

B

The stem cell dose =2

NOT 12

(D = Tissue Stem Cell

= Committed progenitor cell

= Mature cells
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/ Something to Understand
About Tissue Stem Cell Preparations

For Stem Cell and Gene Therapies:
D = Long-lived. Durable cures

= Short-lived. No durable cures.
All Tissue Stem Cell
Preparations (D = Tissue Stem Cell

(e.g., HSCs, MSCs) = Committed progenitor cell
= Mature cells
dSUMinetrex
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@Previous Method for Quantifying
Stem Cell Dosage Routinely

Common Misconceptions

1. Flow cytometry (No = 10)
No tissue stem cell specific-biomarkers
2. Colony Forming Unit (CFU) Assay (No = 10)
3. Enzyme-specific assays (No = 10)
\D ‘ D 4. SCID mouse repopulating cell (SRC) assay
Yes = 2, but impractical!
All Tissue Stem Cell
Preparations (D = Tissue Stem Cell

(e.g., HSCs, MSCs) - Committed progenitor cell
= Mature cells
dsymoetrex
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/SRC Assay? No, too impracticam

Yes, stem cell dosage = 2
But: 1) only available for HSCs

\D D 2) One count requires 30-40 mice!

All Tissue Stem Cell  3) Takes 16 weeks to complete!
Preparations Too expensive, protracted, unreliable

QHSC& MSCs)  IMPRACTICAL for routine use
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/Why Stem Cell Dosage Is Needed\

Stem Cell Suppliers

* For monitoring and optimizing tissue stem cell biomanufacturing
* For engineering tissue stem cells for stem-gene therapies

Stem Cell and Stem-Gene Clinical Trial Sponsors

* Knowing stem cell dosage for development and treatment
* Increasing statistical power to detect tissue stem cell efficacy

Pharma and Biopharma Sponsors
* Drug evaluations for stem cell-active and stem cell-toxic drugs

https://asymmetrex.com/a-stem-cell-count-would-have-made-it-
better/
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https://asymmetrex.com/a-stem-cell-count-would-have-made-it-better/

Critical clinical needs for stem dosag}

Est. >40,000 umbilical cord HSC transplants in 25 years.

However, a continuing 12-18% engraftment failure rate
attributed to insufficient HSC dosage.

Cord Blood TRANSPLAﬁT
HSC Dosage
Unknown!

I\/I\any studies and trials focused on increasing HSC dosaegy
dsSyminetrex
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/ Chronic Organ Failure \

Is A Major, Painful Cost for Pharma

 About half of drug failures in phase Il
and phase Ill due to safety (20-30%) are
caused by chronic organ failure.

 The U.S. Pharma industry loses $4-5 billion
each year on these late phase drug
development failures.

\ asymetrex
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ﬁalf of Chronic Organ Failures Are\

Caused By Tissue Stem Cell Toxicity
Examples Normal Failure!

Liver

Bone Marrow

——=-) ——==)
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/ Current Technologies for \
Early Detection of Chronic Organ Failures
Are Animals, Trial Subjects, And Patients

Presently, not detected until...
animal studies (maybe),

phase Il and Il clinical trials,

{even later, post-marketing. E/
doSUmietrex
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ﬂPharma Sponsors and Tox CROs: \

If there were a means to quantify stem cells...

_ _Cclnircll L NORMAL STEM
CELL FRACTION

S_C;tO_xig Drug REDUCED STEM
CELL FRACTION

Would be much faster and
Primary human :
i much less expensive!
tissue cell cultures
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ﬂe Regulatory Landscape for Stem Cm

Clinical Trials Is Changing
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/2020 FDA SCB Needed Standards\
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Needed: Stem Cell Dosage Technology

For Standardizations
Stem Cell Supply Products

Donor bone marrow HSCs

Donor apheresis HSCs

Donor bone marrow MSCs

Donor tissue stem cells DOSAGE?
- Cornea stem cells
- Liver stem cells

Umbilical cord blood HSCs
Umbilical cord tissue MSCs

Placental tissue stem cells
Amniotic membrane stem cells

Between samples, suppliers, patient cohorts, treatment sites, clinical trials

asymroetrex
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/ 2020 Report of a First Method to \
Quantify Stem Cell Dosage Routinely

“Kinetic Stem Cell
(KSC) Counting”

https://asymmetrex.com/wp-

content/uploads/2020/09/
\ obm.transplant.20031 1277
doSUMmiietrex
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https://asymmetrex.com/wp-

Rapid Stem Cell-Counting Algorithms

Operation:

RABBIT Count™ PDT Algorithm

1. Culture sample for 72 hours.

2. Enter total cell count data
into online rapid-counting
algorithm calculator.

10 . . - | 3. Obtain stem cell dosage

0 10 20 30 40

Days instantly.

Note: Data for CD34* umbilical cord blood HSCs
SCF, stem cell-specific fraction; PDT, population doubling time

doymiietrex
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Human stem cell dosages quantified to date

Bone marrow hematopoietic stem cells?

Mobilized peripheral blood hematopoietic stem cells!-?

Umbilical cord blood hematopoietic stem cells*!2
Umbilical cord tissue mesenchymal stem cells
Bone marrow-derived mesenchymal stem cells
Adipose-derived mesenchymal stem cells
Oral-derived mesenchymal stem cells

(bone, gingival, dental pulp)
Liver hepatic stem cells
Lung interstitial stem cells
Cornea stem cells
Amniotic membrane stem cells

1. CD34*-selected Purple: Approved therapies and clinical trials

2. Unfractionated Red: Clinical trials

o
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ﬂgrowing portfolio of online caIcuIatoh
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@unting Instruments Beginning to App%
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me Landscape of Stem Cell I\/Iedicirh

Is Changing: Stem Cell Dosage is Here
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