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What Is Apheresise

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

+ Plasmapheresis - remove plasma

+ Cytapheresis - remove cels
 Leukopheresis - remaove white blood cels
« Erythropheresis - remove red blood cels
+ Platelefpheresis - remove platelets

e

*3@ + Originally performed disconfinuously

fﬂ-.’?j + Now performed with continuous removal and separation
of blood components




Hematopoietic
Replacement

Immune
Modulation

Tissue Repair &
Regeneration

Wound Healing

= Cancer * HSC

= Genetic 2 i
diseases = Gene therapy
*Cancer = DO
* Autoimmunity  » A°C
a |r!feCtIOUS . BE‘,ZII
diseases = NK
= HSC
= MSC

* Macrophages
* (Gene therapy

= Cardiovascular = HSC

= Spinal s

* Neuronal = Cell matrix

= Corneal implants

= Orthopedic = Macrophages

= Ulcers : '/v\lrtifi(ﬂal skin
= viempranes

= Burns . MSC

= Macrophages




= Number of stem cell
trials steadily increasing

= Not surprisingly, US and
EU centric
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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 TI

~30Phase IIT

~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”
requiring pre-market approval.

* Note that these numbers are limited to industry-sponsored
trials and may not capture fully products in early-stage
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.



Where Might We Go In 10 years?

2020 $8Billion Stem Cell Market Share Forecast
Other

Indications
37%

Cardiovascular
2 16%
2 S

o Anti-Inflammatory
“; '\ 10%
S
¢

4

Dental
0%




#* 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
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Apheresis: Principles of Separation
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Mononuclear Cell Collection

= Patient assessment
= History and physical examination by physician
= Nursing evaluation for each collection procedure
o Dyspnea
o Fever>38 C
o Hypotension/hypertension
o Change in mental status

= COBE Spectra
= MNC program, 1.5-2.0 TBV target

= Manufacturer specifications

= Total product volume: 180-360 mL
o Autologous plasma: 150 mL
o Mononuclear cell volume: 30-210 mL(" .

AZS




Removal of pathogenic macromolecules from the bloodstream:

» Autoantibody Table 1. Ideal target molecule characteristics for
* Probable autoantibody

» Antigen-Antibody complexes

Therapeutic Plasma Exchange

[circulating immune complexes)

» Alloantibody
* Paraproteins

(light chains, monoclonal [dentified etiologic agent or toxic substance

cryoglobulins, etc.)
» Non-immunoglobulin proteins ngh molecular WEight [E 15000 Dﬂ]

» Endogenous toxins

= Exogenous poisons

Slow rate of formation
Low turnover

Low volume of distribution
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Therapeutic Apheresis of Immune
diseases in Nephrology
Department

Visvardis 6., Manou E., Griveas I.,
Meimaridou D., Mitsopoulos E., Kyriklidou P.,
Papadopoulou D., Ginikopoulou E., Rottstein
L., Sakellariou G.

Department of Nephrology,
Papageorgiou General Hospital,
Thessaloniki, Greece
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Primary disorders

Thrombotic thrombocytopenic purpura: 7

Macroglobulinemia Walldestrom: 2

Multiple myeloma: 1

Cryoglobulinemia: 1

Guillen Barre: 4

Stiff man syndrome. 1

Vasculitis: 4

Systemic lupus erythematosus: 3

Lyell syndrome: 3

Myasthenia Gravis: 1

HLA hyperimmunisation before renal transplantation: 1
-_=Resistant nephritic syndrome: 1

@eiapse of FSGS after renal transplantation: 1

Sér/ous hyperlipidemia in a patient under hemodialysis: 1
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http://www.ene.gr/en/DOCS/ENGLISH NEW DATE.pdf

Sepsis and MODS

€ Extremely complex nature of
inflammatory response in sepsis.
& Unlikely a single agent (e.g.
anticytokine Rx) would work.
€ Ronco proposed that
..unspecific removal of soluble
mediators, be they pro or
antiinflammatory, without
completely eliminating their
effec’r may be the most logical
ind> adequate approach to a
complex  and long-running
pr‘ﬁtess such as sepsis.
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KaAUTepn kaTavénon Tng oAwng Kai yvwon 6Ao kai
TTEPIOOOTEPWY HecOAAPNTWY - TTAPAYOVTWY TTOU
OUHUETEXOUV evepyd oThv TaBoguaioAoyid Tou cuvdpoOHoU

TToikiAAec BepameuTikEC TTpoaeyyioelc: “MayikA ogaipa”
£VAVTIOV OUYKEKPIUEVOU TtdpdyovTd R “HayIkA aomida” Tou
TPOOTATEVEI ATTO TTOAAATTAEC OUCTIEC TTOU EVEXOVTAI OTNV
ekONAwaon Tou cuvOpOHoU



?
LPS AB * LPS IL-6

PAFE IL-13a
C3a desArg
IL-1p  STNFRII
-8
1-10
Cba desArg

?
TNF AB TNFa STNFRI
Factor D

Ciro Tetta et al, Ther Apher, 2002




Time

C. Ronco et al, Artif organs, 2003
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1980s

“eTTIKAAUpEVOL”
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“akAAuTrTol”

MpoBARHOTARIBACUNBATOTNTAC, ATTEAEUBEPWON HETAAWY, EKAUCT) HIKPOCWHATISIWY, XOHUNAR

ouoyevorroin TTUPETOYOVEG AVTIOPATEIG, NAEKTPOAUTIKEG DY, QIOAUON

Ronco C et al, Kid Int, 2000



TToAukaTtioviko avTiPloTIKO TTou cuvdEéel Th
evooTolivn Kai Tnv adpavoTtroiei. AvTedeikvuTal n
evOoOPAEPIa xopnynon Aoyw veppo- Kai
VEUPOTOE IKOTNTAC

2.uvoedepéva 1vidia Kal
. UAIKO - pop€AC TToU oUVOEE! KAl
akivnTomoiel Tnv PL-B mpoadidovrac peyaAutepn
oTaBepoTNTA

== 30.000 aoBeveig éxouv umopAnBei ot

aioTpocpé@non pe PL-B amé to 1994 otnv Ianwvia
prig 101aiTEPEC TTAPEVEPYEIEC EKTOC ATIO UTTOTACIKA
eTrEI0001a Kal BpoppoTevia
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Hisataka Sbfrﬁ]‘u Ther Apher, 2002



Polymyxin B Hemoperfusion
EUPHAS Clinical Trial

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

L

L

Randomized 64 patients @ 10 Italian 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-6 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).
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Blood purification technique

Indication

Continuous hemofiltration/
continuous hemodiafiltration

Acute kidney injury
Severe sepsis/septic shock
Severe acute pancreatitis
Fulminant hepatic failure

Plasma exchange

Fulminant hepatic failure
Thrombotic thrombocytopenic purpura
Toxic epidermal necrolysis

Direct hemoperfusion

Drug intoxication (charcoal DHP)
Endotoxic shock (PMX-DHP)

Table 2. Blood purification techniques for cytokine removal in non-renal

indications

PMMA-CHDF

Plasma diafiltration
High-flow-volume CHDF
Online CHDF

Cytokine adsorbing column




Table 1. Structures, adsorption rates of cytokines in vitro, and animal study in cytokine adsorbing columns

Column
CytoSorb CYT-860-DHP Lixelle CTR-001 MPCF-X
Structure polystyrene polystyrene- porous porous cellulose
divinyl based cellulose cellulose beads
co-polymer conjugated beads beads
beads fiber
Adsorption rate
Methods in vitro circuit batchwise batchwise batchwise batchwise
(1 h) (2 h) (2 h) (2 h) (1 h)
TNF-a <50% 20% 31.2% 53% 100%
IL-13 97% 98.5% 98%
IL-6 <50% 92% 82.9% 80% 98.9%
IL-8 99% 99.9% 80% 70%
Animal study
Aminal rat rat rat
Methods endotoxin endotoxin endotoxin
injection, cecal injection injection
ligation and
puncture
Time 240 min 120 and 120 min

180 min




Cytokine Adsorbing Columns

(Non-selective)

Product

Structure

Methods

TNF-a
IL-1B
IL-6
IL-8
Animal
Method

Cytosorb

Polystyrene
divinyl co-

polymer
beads

In vitro
circuit

<50%

<50%

Rat
Endotoxin
injection,
1P

Cyt-860-

DHP

Polystyrene
conjugated

fiber

Batch

20%
97%
92%
99%

Lixelle

Porous
cellulose
beads

Batch

31.2%
98.5%
82.9%
99.9%
Rat

Endotoxin
injection

CTR-001

Porous
cellulose
beads

Batch

53%
98%
80%
80%

Rat

Endotoxin
injection




CytoSorb Cytokine Extractor

CytoSorbent's products are comprised of
porous, adsorbent polymer beads that
target molecules up to 50,000 Daltons,
such as pro-inflammatory and anti-
inflammatory cytokines i.e. IL-1, [L-6, TNF
and I-10, which are associated with
sepsis.

The beads contain pores that are large
enough to allow toxins to enter the beads
and adhere to the bead through
hydrophobic interactions while allowing
large proteins to pass around the beads,
back into the patient.




Abktrichter et al. Critical Care 2011, 15:R82

httpyYccforumucomyscontent’1 5/2/R82
@ CRITICAL CARE

RESEARCH

Open Access

Extracorporeal cell therapy of septic shock
patients with donor granulocytes: a pilot study

Jens Altrichter', Martin Sauer”, Katharina Kaftan', Thomas Birken”, Doris Gloger®, Martin Glaeger?, Jorg Henschel?,
Heiko Hickstein', Ernst Klar®, Sebastian Koball', Annette Pertschys, Gabriele Néldge—Schorﬁburgz,
Dierk A Wagts”® and Steffen R Mitzner'

Plasma-

Separator 1
(Filter) Bioreactor

—

— (11

Plasma- Donor
Separator 2 Granulocytes
(Filter)
- . . L
Blood Plasma

Figure 2 Schematic drawing of the extracorporeal treatment.
returmed to the patient.

- w

Plasma is separated from blood, transferred to the cell-compartment, and then
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Leukocyte Modulation Hypothesis
Univ. of Michigan; CytoPherx, Inc.

« A biomimetic membrane device (the SCD) preferentially
binds activated leukocytes

« Regional citrate anticoagulation promotes a lower
systemic leukocyte activation profile due to a decline in
ICa which inhibits key leukocyte activation processes




The effects of a novel therapeutic device on acute
Kidney injury outcomes in the intensive care unit: a pilot
study.

Ding F, etal. ASAIO Juournal 2011 Sep-Oct;57(5):426-32.

Division of nephrology, Huashan Hospital, Fudan University, Shanghai, China.

« A prospective, single-arm, single-center study designed
to evaluate the SCD device on clinical outcomes in AKI
in the ICU.

« The mortality for the case-matched controls was
7 7.78%, whereas the mortality in the SCD treatment
group was 22.22% (p = 0.027).



http://journals.lww.com/asaiojournal/pages/currenttoc.aspx
http://journals.lww.com/asaiojournal/pages/currenttoc.aspx

l
The Effect of the Selective Cytopheretic Device on Acute

Kidney Injury Outcomes in the Intensive Care Unit: A
Multicenter Pilot Study

James A. Tumlin,” Lakhmir Chawla,T Ashita J. Tolwani, Ravindra Mehta,§ John Dillon,-

Kevin W. Finkel,** J. Ricardo DaSilva,TT Brad C. Astor,§§ Alexander S. Yevzlin§§ and
H. David Humes.

A single-arm, open-label, multicenter pilot study to
assess the safety and effi-cacy of a selective
cytopheretic device (SCD) in patients with AKI.

+ 60-day mortality rate of 31.4%.

« Among the 22 patients who survived to day 60 in, 100%
recovered kidney function and did not need dialysis.

+ A pivotal trial of SCD therapy Is underway in the US.
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Mullivesicular endosome

Nature Reviews | Immunology

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.

EXist in a wide range of biological fluids, including
blood and urine.

Between 30 and 100 nm in diameter.
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Exosomes

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

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

» Originally thought to be “cellular trash bags’

» Now, widely believed to be involved with
intercellular communications.
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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 chemo- and immunotherapeutic agents.




Exosomes

The generation of reactive oxygen species (ROS) and
reactive nitrogen species (RNS), plays a major role in
endothelial activation and vascular failure.

Two main enzymatic sources of ROS/RNS (NADPH
oxidase & NO synthase) are expressed by platelets.

Exosomes generated from platelets exposed to LPS are
guite similar to those found In septic patients w/r/t protein
content, phosphatidylserine exposure, and redox activity.

Platelet-derived exosomes from septic patients induce
vascular cell apoptosis and contain inducible nitric oxide
synthase (INOS).




Current Military-funded Anti-sepsis

Project

« Goal: Reduce sepsis-related mortality
In wounded warfighters.

« Approac

N: Extracorporeal Blood

Purification (Dialysis-like Therapeutic)

* Multi-company consortium
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Phase III Clinical Trials

- Glioblastoma
* Recurrent glioblastoma
- Alzheimer's disease

+ Utilize plasma exchange for
treatment

-
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ASFA Guidelines: Indications

TABLE 1. Indications for Therapeutic Apheresis—ASFA 2013
Categories [1]

Category Description

1 Disorders for which apheresis is accepted as first-line
therapy, either as a primary standalone treatment
or in conjunction with other modes of treatment.
Example: plasma exchange in Guillain-Barre syndrome
as Ist-line standalone therapy: plasma exchange in
myasthenia gravis as Ist-line in conjunction with
immunosuppression and cholinesterase inhibition

11 Disorders for which apheresis is accepted as second-
line therapy, either as a standalone treatment or in
conjunction with other modes of treatment.
Example: plasma exchange as siandalone
secondary treatment for acute disseminated
encephalomyelitis after high-dose IV corticosteroid
Jailure; extracorporeal photopheresis added to
corticosteroids for unresponsive chronic
graft-versus-host disease

111 Optimum role of apheresis therapy is not established.
Decision making should be individualized.
Example:extracorporeal photopheresis for
nephrogenic syvstemic fibrosis; plasma exchange
in patients with sepsis and multi-organ failure

v Disorders in which published evidence demonstrates
or suggests apheresis to be ineffective or harmful.
IRB approval is desirable if apheresis treatment
is undertaken in these circumstances.

Example: plasma exchange for active rheumatoid
arthritis




ASFA Guidelines:

Recommendation Grades

TABLE III. Grading Recommendations Adopted from Guyatt et al. [13]

Recommendation

Grade 1A

Grade 1B

Grade 1C

Grade 2ZA

Grade 2B

Grade 2C

Description

Strong recommendation,
high-quality evidence

Strong recommendation, moderate
quality evidence

Strong recommendation,
low-quality or very
low-quality evidence

Weak recommendation, high

guality evidence

Weak recommendation, moderate-
quality evidence

Weak recommendation,
low-quality or very low-quality
evidence

RCT: randomized controlled frial

Methodological quality of
supporting evidence

RCTs without important
limitations or overwhelming
evidence from observational
studies

RCTs with important limitations
(inconsistent results,
methodological flaws. indirect,
or imprecise) or exceptionally
strong evidence from
observational studies

Observational studies or case
series

RCTs without important
limitations or overwhelming
evidence from observational
studics

RCTs with important limitations
(inconsistent results,
methodological flaws, indirect,
or imprecise) or exceptionally
strong evidence from
observational studies

Observational studies or case
series

Implications

Strong recommendation, can
apply to most patients in most
circumstances without
reservation

Strong recommendation, can
apply to most patients in most
circumstances without
reservation

Strong recommendation but may
change when higher quality
evidence becomes available

Weak recommendation. best

action may differ depending
on circumsiances or patients’
or societal values

Weak recommendation, best

action may differ depending
on circumstances or patients’
or societal values

Very weak recommendations:
other alternatives may be
equally reasonable




ASFA Guidelines: Grade of
Recommendation
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ASFA Category 1 Renal Indications

1. ANCA-Associated RPGN - dialysis dependence or diffuse alveolar hemorrhage (8)

2. Anti-GBM disease - diffuse alveolar hemorrhage or dialysis independence (1)

3. Cryoglobulinemia - symptomatic, severe (0*)

4. Focal segmental glomerulosclerosis (0)

5. Atypical hemolytic uremic syndrome - Factor H antibodies (0)

6. Kidney transplant, ABO compatible - Antibody-mediated rejection (3) or
desensitization, living donor with positive crossmatch (0)

7. Kidney transplant, ABO-incompatible - Desensitization, live donor (0)

8. Thrombotic thrombocytopenic purpura (7)

9. Thrombotic microangiopathy drug-associated - Ticlopidine (0)

*- One randomized clinical trial with immunoadsorption apheresis



Challenge 1: The Apheresis
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Apheresis Technology

* Centrifuge

* Membrane : oy -




« |atex Free
* Hollow fiber plasmafiter
« Fluw circuitry already attached to the filter:

Blood side « access ling with injection segment for gravity M e I I l b r a I I e
infusion of satine + 2-liter collection bag

« return ling
e replacement hine (with vented speke for bottles)

connecied in pest-dilution mode I e C h n O I O
Effluent side « pffluent ling + 5-liter effluent bag

Filter Performances

Filter flow rate at TMP = 80 mmHg S G a m b rO P r i S m a

JJT
PR | 1 2
=
é R4+
= .
E ML
= B+
E =L 5
=
g J )4
s Ak o [ —
- A -
g o0 B
e E -
{ + + + 4
5} 100 1540 20 250
Blood flow rate (ml/min)
Bawvine biood, Mot 32% Pofiogh 1 ™

Blood pressure drop < 35 mmHg
at bleod flow rate = 100 mi/min
Sieving coefficient: total protein < 0.95

1 e
IR E = |
OB=

Scatisme
Sc 3t 30 min

Sieving coefficient
u‘ﬁ %
ApclipopreteinBn =17

lgGn=18
gGn=19
Apdipaproten B = 19

Albuminn =19

gMn=16
lgMn =15

-+
+
b

GANOD THOCO0 950000



Performance Comparison

(S. Conrad, MD)

Patient weight: 56kg Patient Hct: 33% # of plasma exchanges: 1
Effluent Rate
S ik i 1500 mi/h 1750 mi/h 1500 mi/h 2500 mi/h
Blood Flow Rate 50 ml/min 50 mi/min 200 mimin | 200 mi/min
Treatment time 105 min 90 min 105 min 83 min
Filtration Frgctipn %** 65% 76% 19% 319,
(plasma removal ‘efficiency’)
Post Filter Hematocrit % 66% 79% 289, 42%
(HCTpost)

* assumes no patient plasma loss prescribed
** not referred to as filtration’ fraction with centrifuge



Effect of Plasma Volume Exchanged

(S. Conrad, MD)

Amount of Relative
Plasma volume :
exchanged substances incremental amount
removed removed

0.5 39% 39%

1.0 63% 24%,

1.5 78% 15%

2.0 86% 8%

2.5 92% 6%

Adapted from Daugirdas, Handbook of Dialysis 4™ edition ,2006



Body Compartments

(S. Conrad MD)

3
[
.ﬁ \I \
m{ . ", Intracellular
) { \ compartment Slow
‘ / \ 25 Meis equilibration
g W
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Number of Exchanges Needed
Depends on Volume of Distribution

(S. Conrad MD)

Removal of IigM Removal of IgG
(Ward DM, Updates to Hamison's Principle’s (Ward DM, Updates to Harmison's Principle’s
of Intermal Medicine, Volume V, 1984) of Internal Medicine, Volume V, 1984)

1gG Autoantibody titer

1:20,480

Monoclonal IgM (ma/di)

o m

Plasmapheresis procedures | Plasmapheresis procedures
Waldenstrom's macroglobulinemia Most antibody mediated diseases:
* IgM is large (~970,000 Daltons) * IgG is smaller (~146,000 Daltons)
» 90% of IgM stays intravascular » Only 25%-30% is intravascular

Courtesy of David Ward, MD, University of California at San Diego



Challenge 2: Role of ADAMTS13
Removal in Thrombotic
Thrombocytopenic Purpura



THROMBOTIC THROMBOCYTOPENIC PURPURA

Incidence: 0.37/100,000/year (LI5) Procedure Recommendation Category
TPE Grade 1A I

# of reported patients®: =300
RCT CT Cs CR
7(301) 2 (133) 26 (980) 46 (83)




A Practical Approach to Thrombocytopenia/MAHA

Thrombocytopenia + MAHA

History & laboratory tests

Stx, T-activation, vasculitis, cancer, DIC,

HIT, CAPS, PNH, vascular devices

|

Specific
management

&

Co-morbidity

v

Plasma exchange

\

No severe ADAMTS13 def *

* Cerebral edema

* Ascites

* Pulmonary edema
* Anasarca

* Renal failure

V¥ * Hypertension

aHUS:

Eculizumab

* ADAMTS13 & complement studies

* Stools for shiga toxins

* Autoimmune serology

* DIC panel, Coombs tests

* Blood cultures & HIV studies as indicated

* Imaging studies, BM, tissue biopsy as indicated

v

Severe ADAMTS13 deficiency*

» Pleural/pericardial effusion

* Inhibitor assay

* Ab assay

* Serial ADAMTS13
* Familial study

v

v

Acquired TTP:
Plasma exchange

Rituximab as indicated

Hereditary TTP:

Plasma infusion




Challenge 3: Defining the Role of
Therapeutic Plasma Exchange in
Atypical Hemolytic Uremic
Syndrome
Treated with Eculizumab



Differential diagnosis for TMAs:
aHUS, TTP, and STEC-HUS

Thrombocytopenia'’ Microangiopathic Hemolysis®’

Platelet Count <150,000 Schistocytes?’ and/or
or >25% Decrease Elevated LDH’ and/or

From Baseline* Decreased Haptoglobin? and/or

Decreased Hemoglobin”

Neurological Symptoms*43.14 Renal Impairment®57 Gastrointestinal Symptomns’ 4
Confusion®* and/or Elevated Creatinine® and/or Diarrhea +/- Blood® and/or
Seizures®'? and/or Decreased eGFR®’ and/or Nausea/Vomiting® and/or

Other Cerebral Abnormalities® Abnormal Urinalysis® Abdominal Pain® and/or

Gastroenteritis”®

Evaluate ADAMTS13 Activity and Shiga-toxi/EHEC* Test'0.11.12.12

5% ADAMTS13 Activity!®11% >5% ADAMTS13 Activity'” Shiga-toxin/EHEC Positive'
*Shiga-toxin/EHEC test is wananted n historypresence of B symptoms. TMA = thrombotec microangapathy,

AHUS = stypical hemolgic uremic syndrome,
TTP = thrambotx thrombacytopenic purpera,
STEC-WUS = Shiga-toxin-preducing £ colf

N " High clinical suspicion of aHUS is required in all patients presenting with any Tt
~ sign or symptom of systemic, complement-mediated thrombotic microangiopathy! 7R = estimated glomerstar filration rate

ERED = entamhemoeriagic £ cal



HEMOLYTIC UREMIC SYNDROME, ATYPICAL

Incidence: 3.3/1,000,000/yr (<18 yoj: 7/1,000,000fyr Condition Procedure  Recommendation  Category
(children in European community) Complement factor gene mutations ~ TPE Grade 2C Il
Factor H auoantibodies TPE Girade 2C I
MCP mutations TPE Grade 1C v
# of reported patients®: =300
RCT CT (& CR
Complement factor gene mulations (] 0 423) 21(26)
Factor H autoantibody (] ( 26) A2)

MCP = membrane cofactor protein




Atypical Hemolytic Uremic Syndrome

* 5-10% of HUS cases
* |ncidence of 3-7 per million per year
* Noninfection-related

* Poorer prognosis and outcome
— 2/3 die, require dialysis, or have permanent kidney injury
during the first year
* Sporadic or familial

* About two-thirds are associated with genetic or
acquired disorders of regulatory components of the
complement system



Atypical HUS: Classification

Table 1. Classification of Atypical Hemolytic-Uremic Syndrome.*
Form of Disease Complement Abnormalities
Familial Mutations in CFH, 40-459%; in CFI,
5-10%; in C3, 8-10%; in MCP,
7-15%; in THBD, 9%; and in CFB,
1-29.
Sporadic
Idiopathic Mutations in CFH, 15-20%,; in CFI,
3-6%; in C3, 4-6%; in MCP, 6-10%;;
in THBD, 29%; and in CFB, 2 cases;
anti-CFH antibodies: 6-10%
Pregnancy-associated Mutations in CFH, 20%,; in CFl, 15%
HELLP syndrome Mutations in CFH, 10%,; in CFI, 20%;
and in MCP, 10%%
Drugs Rare CFH mutations (mostly unknown)
Organ transplantation Mutations in CFH, 15%,; in CFl, 16%
Human immunodeficiency virus Unknownt
infection
Cancer UnknownTt

* HELLP denotes hemolytic anemia, elevated liver enzymes, and low platelet
count.

T There are no published data on the frequency of complement gene mutations
or anti-CFH autoantibodies in patients with this condition.




Pathogenesis of aHUS

e PAS section showing
obliterated arteriolae,
mesangial infiltration,
narrowing of the
capillary lumina

Endothelial injury

Formulation of platelet-
fibrin hyaline micro-
thrombi

Occlusion of arterioles
and capillaries

NEW INSIGHTS:

— Caused by uncontrolled
activation of the
alternative complement
system



Complement Activity and aHUS

Alternative pathway

IgM, 1gG
Antigen antibody Constitutively activated
. B Lectin pathway |
C1q, Cir, Cis MBL, MASP ?3
C4 l I Microbe surface I C%b—‘ IC3b
C1 Inhibitor C2
=il g CFB N CEM
CFD
, 3 : o
S C3 Convertases CFI
o S A— e MCP
7’ ‘
7’
’ ra . . - -
C3a, C5a Cib: = > N\~ Membrane attack complex
| i _Opsonization  C5, C6, C7, C8, C9
. - — (
Recruitment of pro F.hmmalum of Plfh‘ocyml.s |
mmune “ v

inflammatory cells SRR T
I Destruction of infectious agents

Classical pathway



Main Complement Regulators Involved in the
Alternative Complement Pathway

Table 1 |Main complement regulators involved in the alternative pathway and their function

Complement
regulator name

Factorl

FactorH

Membrang
cofactor protein

Thrombomodulin

Decay
accelerating factor

Protectin

Abbreviation/
alternative names
CFl

CFH

MCF/CD46

THED

DAF/CD55

CD59

Function

Plasma serine protease that cleaves C3b, producing inactive iC3h, in the prasence
of saluble cofactars and/or membrane-bound complement regulators

Plasma malecule that recognizes C3b and cell surfaces through the C-terminus,
whereas the N-terminus region mediates cofactor activity for CFL CFH also directly
accelerates the decay of C3-convertase C3b/Bb

Intagral transmembrane protein that binds C3b and C4b and serves as a cofactor
for GAI

Transmembrane protein; in addition to its well-established anticoagulant function, it is
involved in the generation of thrombin-activatable fibrinolysis inhibitor, a plasma
carboxypeptidase B that cleaves C3a and C5a; thrombomedulin binds to C3b,
accelerating its inactivation by CFl in the presence of CFH

Phosphatidylincsitolanchored glycoprotein that prevents the assembly of the C3b/Bb
complex or accelerates its decay

Phosphatidylincsitol-anchored glycoprotein that binds C5b/C6/C7/C8, preventing C9

from binding and palymerizing



Laboratory Diagnosis of aHUS

Conventional complement tests: C3, C4, CH50, AH50
— Abnormal in 30%
— Not specific for aHUS

Plasma CFH and CFI protein concentrations

* Decreased in 30% of patients with CFH or CFl mutations

Mutation analysis (CFH, MICP, CFI, CFB, C3, THBD)
— Abnormal in 40% (sporadic) - 70% (familial)

CFH antibody

— 5% - 10%



Role of TPE in atypical HUS

Therapeutic plasma exchange has been first-
line treatment for all aHUS

Can remove auto-antibody or mutated

circulating complement regulators while
replacing absent or defective complement
regulators

No prospective trials

More recently, Eculizumab used in plasma-
resistant atypical HUS



Use of Eculizumab for atypical
hemolytic uremic syndrome
(Nat Rev Nephrol 2012)

b
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Clinical Trials of Eculizumab for aHUS
I N

Design

Patient age [median, y)

Number

Genetic mutations

Monthe from Dx, median (range)
Entry status

Duration, median (range) in mo.
Dosage’

Duration, median (range) in wh.
PE/Plor new dialysis

eGFR T, median (range), mL/min/1.73 m?
Eventfree survival®

Mormal platelet count & LDH

tadult dosage

Prospective Prospective Retrospective
Adolescent-adult (28) Adolescent-adult (28) Children-Adult
17 20 30(19, <18 y)
T6% T0% 53%
10(0.26 — 236) 48 (0.66 — 286) -
Active TMA Maintenance PE/PI -
PE/P| z4xiweekK 10 (2.4 —47) -

900 mg gW x4, 1,200 mg at W5 & g2W -
38 (2-64) 40 (26-52) 28(1-70)
0(0-0.31) 0 0
+20 (-1, 98) +5 (-1, 20) >15:47%
15(88%) 16 (80%) -
13 (76%) 18 (90%) 17 (B9%)

2Event free survival (events: platelet count decrease >25%, PE/PI, new dialysis)

Greenbaum LA et al, Licht C et al, JASN 2011:;22:197A



Challenge 4: Role of Therapeutic
Plasma Exchange in Multiple
Myeloma



MYELOMA CAST NEPHROPATHY

Incidence: 1/100,000/yr Procedure Recommendation Category
TPE Grade 2B I

# of reported patients*; 100-301

RCT CT (S CR

5(182) 0 §(102) 7(10)




Free Light Chains

By-product of intact immunoglobulin synthesis

25-50 KDs
Normal leve

Physiologica

s very low

ly, removed by renal clearance

Widely distributed in body compartments

Intravascular compartment may contain only

20%



Serum Free Light Chains:
Renal Clearance
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Multiple Myeloma:
Cast Nephropathy

Figure 1: Renal biopsy showing cast nephropathy: distal tubular
casts and interstitial inflammation and fibrosis.



Miultiple iViyeloma: Response
Depends on Biopsy Diagnosis and
SFLC Removal

* Leung KI 2008; 73:1282

* 40 patients with MM and renal
failure

+ TPE

* Positive biopsies with wide range
o of SFLC levels

| FLC reduction and renal recovery
A g3y g3k IgAx  lgAdk gDk IgDi
Figure 1) The distribution of monoclonal proteins amengst CO rrE|atEd on |Y in th ose WTth cast

patients with multiple myeloma and renal failure.
nephropathy




Multiple Myeloma: Benefit of
Concurrent Chemotherapy

;

Serum FLC concentration as
percentage of initial value

o
L

s

s

s

:

R

5 12
Time (days)

I
21

Hutchison CJASN 2009:; 4:
745

19 patients, dialysis-
dependent

Open label, high cut-off
hemodialysis technology

Standard chemotherapy



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



