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Apheresis History




What is Apheresise

+ Apheresis is Greek for "to take away” or “subtract”

» Plasmapheresis - remove plasma

» Cytapheresis - remove cells
- levkopheresis - remove white blood cells

- Erythropheresis - remaove red blood cels
- Plateletpheresis - remove platelets

» Originally performed discontinuously

» Now performed with confinuous removal and separation
of blood components
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Apheresis

From the Greek - “to take away”
Blood separation

® Donor apheresis

® Therapeutic apheresis



Principles of Blood Separation

® Filtration

® Centrifugation

®* Combined centrifugation and filtration




Membrane Separation

Blood is pumped through a membrane with pores
allowing plasma to pass through whilst retaining
blood cells.

Available as a hollow fiber membrane (older devices
used parallel-plate membranes)

Pore diameter for plasma separation: 0.2 to 0.6um.

A number of parameters need to be closely
controlled
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Trans Membrane Pressure (TMP)

TMP Too Low = No Separation
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Centrifugation vs. Filtration Apheresis

Centrifugation Apheresis | Filtration Apheresis

Blood Flow 10— 100 ml/min 150 ml/min

Efficiency of Plasma 60 — 65% 30%
Removal




Apheresis in Clinical Practice and Blood
Banking

Sickle Cell Disease _
Falciparum Malaria Thrombocytosis

\_‘

Leuk‘eu]ias ;I—P_HUS

Cell Therapies Guillain Barre Syndrome
Myasthenia Gravis
CIDP
Auntoimmune Renal Disease
Hyperviscosity Syndromes




Centrifugal Separation

Based on the different specific gravity of the
blood components.

In some instruments, also based on the
cellular size (Elutriation).

All apheresis devices need to be able to
control the Separation Factor.




Separation by Specific Gravity
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Centrifugal Separation

Discontinuous

Blood is processed in batches of a
size that can be tolerated by the
subject.

Once the separation of that blood
is completed, the separation

chamber must be emptied to
repeat the process (cycle) again.

Large extracorporeal volume
(ECV).
Pediatric tubing sets (with smaller

ECV) must be used with small
patients.

Continuous

Blood is processed and separated
iNn a continuous way.

Once the tubing set is primed, the
separation chamber is not
emptied till the end of the
process.

Medium — small ECV.

MNo pediatric tubing sets are
necessary; instead, a blood prime
is performed with smaller
patients.




Centrifugal Apheresis Systems

® Intermittent / Discontinuous Flow
® Haemonetics: PCS-2, MCS+ 8150 and 9000, Cymbal
® Therakos UVAR-XTS

® Continuous Flow

® TerumoBCT: COBE Spectra, Trima, Trima Accel, Spectra
Optia

® Fenwal (Fresenius Kabi): Amicus, Alyx.

® Fresenius Kabi: AS 104, Com.Tec




Haemonetics Devices

Courtesy of Haemonetics Corp.







Doudle Fitration —rr——
(Cascaoe Plasmapheresi| Plasmapheresis)

* Firtier w
- Separates plasma from whole bloog

 Second filter

- Removes a specifc plasma component




Specific Removal of Substances from Plasma
Immunoadsorption




¢ Liposorber LA-15 column

¢ Plasma Separator MA-01

¢ Plasma is removed with a hollow fiber membrane
device (MA-01).
* Plasma is subsequently filtered with the LA-15

column that keeps the LDL cholesterol by selective
adsorption, then returned to the patient.

* Most HDL cholesterol is returned to the patient in
the filtered plasma.




H.E.L.P. System
¢ ‘Wepnﬂn—z’mﬂw&d Extracorporeal LDL Precipitation”

® Plasma is removed by membrane filtration.

® Heparin in an acid Acetate solution (pH 4.85) is
added, causing a selective precipitation of LDL
cholesterol.

® The LDL precipitate is removed by filtration and

finally, plasma is returned to the patient after beinc
ultra-filtered and dialyzed.



The Therakos” Photopheresis Process
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Whole blood drawn and separated via
centrifugation.

Plasma and RBCs immediately returned to
patient.

Leukocyte (WBC) enriched Buffy Coat
isolated and collected.

Methoxsalen added to Buffy Coat and
exposed to UVA light.

Photoactivated Buffy Coat returned to
patient.

Therakos® Photopheresis delivers photopheresis therapy in
single, integrated device




Cell therapy companies & their
products

~300 therapeutic companies with ~250 cell-based therapies in
the market or in some stage of clinical development. These
therapies can be roughly broken down into the following
stages™:

~110 Phase I

~70 Phase IT1

~30Phase III

~“40 Commercial (marketed in at least one country)

Only ~1/3 of the therapies currently marketed (~13) required
and received regulatory approval. In contrast, an estimated
90% of the therapies in development are "products”

CE—y

P-—1 I requiring pre-market approval.
o
) * Note that these numbers are limited to industry-sponsored
x‘;’: trials and may not capture fully products in early-stage
e trials where industry "sponsorship” is less than transparent.



Have the fundamentals changed?

* Cell therapy is here - instances of it being
routine clinical practice & commercial

+ There has been incremental success

- CT is now very much a part of individual,
corporate, academic, policy, and financial
consciousness

- CT is now part of routine clinical practice
and commercial products

- Emerging metrics of a maturing industry

(e.g., players, orgs, FDA, etc.)
= On financial sector's radar

- Now working on second generation (not first
generation) products.

+ Very little of this was true 10 year's ago.



Phase III Clinical Trials

- Refractory angina and chronic
myocardial ischemia

- Renal cell carcinoma
- Multiple sclerosis
%% - Prostate cancer

- Similar to Provenge but with some
important variations




Polymyxin B Hemoperfusion
EUPHAS Clinical Trial

» Early Use of Polymyxin B Hemoperfusion in Abdominal Sepsis
(EUPHAS)

+ Randomized 64 patients @ 10 ltalian tertiary care ICUs
Significant improvements:
» Cardiac index; Left ventricular stroke index; Oxygen delivery index

Shorter hospital stay and better 28-day survival (32% in the hemo-
adsorption group compared with 53% in the control group (P = 0.03)).

Not different:
» Endotoxin and IL-5 levels pre-post treatment
* Organ dysfunction (SOFA) between control and treatment group

The study was prematurely stopped because

+ |t was judged to be unethical to deprive patients of hemoadsorption

+ |nability to blind treating physicians




Polymyxin B Hemoperfusion
EUPHRATES Clinical Trial

- Evaluating the Use of Polymyxin B in Randomized
controlled trial of Adults Treated for Endotoxemia and
Septic Shock (EUPHRATES)

+ 360 patients in 15 centers in the United States
« primary end point of 28-day mortality

Conclusions re Hemoperfusion with Polymyxin-B:

* “No large-scale randomized trials have been completed and
lower mortality has not yet been sufficiently demonstrated.” (JC
Schefold).

3 authors conclude that single LPS adsorption did not improve
morbidity or organ dysfunction (Amoureaux et al; Staubach et al;
Cruz et al).




Cytokine Adsorbing Columns

(Non-selective)

Company | Cvwosoments | Toray | Kaneka | Kaneka _

Product Cytosorb Cyt-860- Lixelle CTR-001
DHP

Structure Polystyrene  Polystyrene Porous Porous
divinyl co- conjugated cellulose cellulose
polymer fiber beads beads
beads

In vitro Batch Batch Batch
circuit
<50% 20% 31.2% 53%
97% 98.5% 98%
<50% 02% 82.9% 80%
99% 99.9% 80%
Rat Rat Rat
Endotoxin Endotoxin Endotoxin
injection, injection injection
g =) '
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Exosomes

+ A specific subset of membrane-bounded vesicles
formed intracellularly within vesicular endosomes.

+ Released into the extracellular environment by
many cells from different tissues and organs.

+ Existin a wide range of biclogical fluids, including
blood and urine.

+ Between 30 and 100 nm in diameter.




Exosomes

Have a molecular envelope structure that is
remarkably similar to that of viruses.

Have a hydrophilic core containing proteins,
MRNASs and microRNAs (miRNA).

Originally thought to be “cellular trash bags’

Now, widely believed to be involved with
intercellular communications.




Exosomes

Both mRNAs and miRNAs present in the exosomal fraction maintain
their function when transferred to other cells demonstrating that
exosomal RNA transfer may be an important route for epigenetic
signaling between cells.

Transferred RNAs can affect protein production and gene expression
in target cells.

The dissemination of pro-cancer cargo by exosomes has been
identified as promoting several critical aspects of cancer
pathogenesis, including:

signaling for tumor growth,

metastasis,

angiogenesis, and

resistance to chemec- and immunotherapeutic agents.




In studies on aging, the primary objective is to
improve the quality of life, not necessarily with the
goal of extending life for a much longer period, but
by combating disease.




O 1 Reversing genome damage caused by aging

02 Diet, and environmental
factors

0 3 researching new tissue
and blood

04 Reprogramming
senescent cells
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Y *  Analysis of the old mouse life-span and
i , age-related pathologies
‘ + Identification of rejuvenation factors

Rejuvenation factors

Old*  Young mouse
mouse  (clone of the
old mouse)




WHILE MORE RESULTS MAY BE
FORTHCOMING FROM THESE TRIALS IN
ALZHEIMER'’S DISEASE PATIENTS, A
MAJOR QUESTION STILL EXISTS: IS IT

MORE IMPORTANT TO REMOVE THE
“BAD” MOLECULES OR REPLACE WITH
THE “GOOD”? ARE CRYOGLOBULINS ONE
OF THE “BAD” MOLECULES?




ANTI-AGING MEDICINE
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Review Article
Can an Apheresis Therapy become an Effective Method for Anti-Aging Medicine?

Hiroshi Miyamoto, Yukihiko Nosé

Michael E. DeBakey Department of Surgery, Baylor College of Medicine
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CAN THERAPEUTIC APHERESIS SUPPORT OUR BIOLOGY TO IMPROVE LONG

OR DECREASE MORBIDITY AND MORTALITY?

100

Plasma membrane filtration
technologies

Cryofiltration

Thermofiltration

Cryoprecipitable proteins are
suppressive to the
immunological system such as
inhibiting the blastogenesis of
normal mononuclear

cells and inhibiting neutrophil
phagocytosis in a concentration-
dependent manner

Cryoprecipitable

proteins had a suppressive effect
on

normal lymphocyte proliferation

Patient plasmas with
cryoglobulinemia were inhibitory
to

normal granulocyte chemotaxis .
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Editorial

Aging, Disease, and Therapeutic Apheresis

X-Effect Hypothesis

mg of the “biological smoke”, those abnormally
high concentration and toxic macromolecules, can
activate the biological system to return to normalcy
and allow pharmaceutical agents to work more
effectively. The normal detoxification processes are
lacking in disease states and in aging. “Factors”
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Generally, aging process should be a physiological phenomenon.
However, if 1ts speed 15 too fast or too strong, it might produce a
disease. If this hypothesis would be true, “apheresis therapy”,
which could remove pathological molecules accumulated
. excessively mnside of the living old body and could refurn them to

| the normal level, should be an effective interventional method as

& an Anti-Aging medical therapy. For such purpose, the

«cryofiltration or cryoaggregate filtration should be an ideal

& therapeufic arfificial organ called “Juzo™ or to prevent aging .

B processes of patients. We should proceed to investigate and F{} FH f_"'!r HSITIOH
expand the possibility of “apheresis therapy™ as an active

Anti-Aging medical therapy mn the future.




Various types of apheresis procedures have
been performed on a clinical basis for many years,
but the number of patients and types of diseases
treated have risen significantly in the last 5 years.
This increase is partially due to increased under-
standing of the disease and partially due to engi-
neering advances in equipment technologies. By
almost any standard, treatment by apheresis is still
in relatively early stages of development—there
are no ideal protocols based on a thorough un-
derstanding of reasons for its efficacy. Never-
theless, there is an increasing flow of clinical data,
sometimes describing dramatic patient improve-
ment, supporting the view that apheresis is a
rapidly emerging technology with significant
promise (117). Such evidence of treatment effec-




* Effextivenes 1s the health benefit as measured under average con-
ditions of use. Efficacy 15 the health benefit as measured under con-

L. F. Rothschild, Unterberg, Towbin, “Ther-

pe utic Athffﬂi h “”I“'h““h{"l- New York trolled conditions such a3 those in 2 randomized climeal mal (104).
Sept. 11, 1981




Outcomes

What'is being measured?

Treatment Desigh Patients Selection

What is being tested? Which subject population are involved
in the research?

Research Desigh

What is being compared?



Varied Protocols

Type of replacement fluid Patients selection Medications Intensive care Intensity of therapy
criteria

Variation of procedures Variation in results Difficult to compare



and Casr Effecriveness

* Apheresis

July 1983

NTIS order #PBE4-114842
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HEALTH TECHNOLOGY CASE STUDY 23
The Safety, Efficacy, and
Cost Effectiveness of

Therapeutic Apheresis
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Patient Selection Criteria

Eligibility for treatment

Selection for participation
in research

Availability for follow-up
research




strategies for Medical Technology Assessment

September 1982

NTIS order #PB83-113274

Statistical regression arises when patients are
chosen because of their extreme value on a
laboratory test or other measure relevant to
treatments.

Investigators have found that subjects with
high pretreatment measures tend to have lower
scores after the treatment-when, in fact, no
change has taken place.

This is the statistical regression effect and

it can deceive clinicians into believing that
apheresis has been effective when it really has
not.






Interpretation of clinical improvement for many
diseases treated by apheresis is further confounded
by the variability produced by a basic “remitting exacerbating”

nature of the illness.

Rheumatoid

myasthenia gravis

Guillain-Barré
syndrome

arthritis




Finally, outcome measures probably suffer from

the lack of systematic documentation of adverse

effects.

As a new technology is developed, used,

and reported, researchers and practitioners may

also champion the technology for a variety of personal
and professional reasons .

Apheresis therapy reporting may have been biased by the
tendency to report the more successful uses of the

new therapy.




CONCLUSIONS

The clinical application of therapeutic plasma
exchange to patients with kidney disease
continues to evolve

Likely to be a growing number of potential
target molecules

Need for more information about the
relationship between target removal and
clinical outcomes

TPE likely to be coupled to other therapies

Apheresis remains a safe but crude technology



