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The Evolution of Haemodialysis

1966 — AVF Formation

1960 - Kiil Dialyser

1955 — Twin Coil Dialyser 1960 — Schribner Shunt

1964: Hollow Fibre Dialyser




The “Artificial Kidney”

Dialysate Out Dialysate In

Blood In

Blood Out




Age of dialysis and kidney transplant patients

The reality of outcomes in dialysis patients
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Sudden, unpredictable cardiac events during dialysis

risk early death

—@— Cardiac disease
Other
—&— Infection
Treatment withdrawal
——— Uncertain aetiology
—— Malignancy
Cerebrovascular disease

W

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year

UK Renal Registry Data 2021

Cause of death (USRDS)

Arrhythmia/Cardiac arrest 48.6%

Infection/Inflammation 21.7%

AMI and ASHD

All Other Causes "~

‘y/

Other Infection m Arrhythmia/Cardiac
COVID-19 Arrest

Septlcemla

USRDS Renal Registry Data 2021
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Biocompatibility of medical devices

A haemocompatible device is one that must be capable of coming into contact with blood
without causing any clinically adverse reactions.

COAGULATION

Medical device

COMPLEMENT
SYSTEM

Protein
Adsorption

Platelet

Complement Activation

Activation

PLATELET HEMATOLOGY

AND LEUKOCYTES

ACTIVATION HEMOLYSIS
Contact Leukocyte @ Monocyte @ Eosinophil Fibrin
Phase Al @ Erythrocyte @ Platelet © Thrombin

Activation &3 Neutrophil @ Hemolysed erythrocyte Complement system




Bioincompatiblity in haemodialysis, an age-old problem

Hemodialysis Leukopenia Hemodialysis-Associated Platelet Activation and

PULMONARY VASCULAR LEUKOSTASIS RESULTING FROM .
COMPLEMENT ACTIVATION BY DIALYZER Thrombocytopenla

Observations on Neutropenia Associated with Haemodialysis CELLOPHANE MEMBRANES Raymond M Hakim, Andrew | Schafer

* . PHILIP R. CRADDOCK, JORG FEHR, AGUSTIN P. DALMASS0, KENNETH L. BRIGHAM,
E. K. M. SMITH,* M.p., B.SC., M.RCP.; K. JOBBINS,} F.ILML.T. and v Jacon
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sxpressed as a percentage of their predialysis values, during Figure 2. Intradialytic afferent and efferent platelet counts
the first 2 h of hemodialysis in 34 patients. with new cuprophane membrane. * = statistical signifi-

cance.



Development of ‘biocompatible’ membranes

Bio-incompatibility of cellulose membranes was attributed to the cH,6D
free hydroxyl grou HoC o_H
y yl group 2 N
H
HO\$_é/OH
H
Led to development of: st
- Substituted cellulose membranes /
. — .
- Synthetic non-cellulose membranes 100 =3

75
B Cuprophane

@ Cellulose acetate
4 Polysulphone

4 Polycarbonate

¢ Polyacrylonitrile

50 ¢

Synthetic membranes shown to be the least immunoreactive
when compared to modified cellulose and cuprophane.

NEUTROPHIL COUNT (% of predialysis value)

0 al; {F >
0 5 15 60 End
TIME (min)
Fig. 1. Haemodialysis neutropenia during the first use of different
dialyser membranes. For clarity, SEM are omitted but can be found in
Table 2.



A problem solved?

On the Mechanisms of Haemodialysis-induced Neutropenia: A Study with Hemocompatibility of Polysulfone Hemodialyzers -
Five New and Re-used Membranes Exploratory Studies on Impact of Treatment Modality and
C. Heierli', M. Markert?, P. H. Lambert3, T. Kuwahara and J. P. Wauters Dialyzer Characteristics
gfﬁl‘;“ﬁﬁ:%’:’ﬂl”s;iﬁ;m of Cinioal Ghemisey, University Hosplal, Laumanns, Switzmriand; *WHO Imsuunology i’ﬁﬂﬁ,i?}éii’}% Sebastian Zschatzsch," Ansgar Erlenkoetter,” Lena Rauber,” Manuela Stauss-Grabo,” and
1L
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JARN

100

75 1
B Cuprophane B
50 + @ Cellulose acelate ’
A& Polysulphone

Leukocytes [10%/ul]

¢ Polycarbonate
8 Polyacrylonitrile

NEUTROPHIL COUNT (% of predialysis value)
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TIME {min) 24
Fig. 1. Haemodialysis neutropenia during the first use of different ] N % ' - : ' ' '
dialyser membranes. For clarity, SEM are omitted but can be found in Fre 0 a 1_20 Flost
Table 2. Time

2020: Assessing the haemocompatibility of high flux

1988: A comparison of neutrophil changes
polysulfone membranes today

amongst 5 haemodialysis membranes



Consequences of Haemodialysis
Bioincompatibility

Raised C5a leads to TF
production and contributing
to haemodialysis associated
thrombosis (2010)

Raised C3 levels
associated with poor
cardiac outcomes

Elevated C3d/C3 at 30
minutes during
haemodialysis is associated

with cardiovascular events
Raised IL-6/IL-10 in the first (2018)

60 minutes is associated
with poor cardiovascular
outcomes (2018)




Bioincompatibility, a patient's perspective

Type A - Anaphylactic

Type B — “Pseudo-
anaphylactic”

Rare: <1%

Common: 2-3%

|IgE Mediated

Non-IgE mediated

Within minutes of
commencing dialysis

Early into dialysis, 15-30
minutes

Dyspnoea, wheeze
urticaria

Related to complement
activation

Manage as anaphylaxis

Self limited symptoms

Nausea
and

Shortness
of Breath

Cardiac
- Arrest
Vomiting

S

Low BP |

Urticaria

Dialyser Reactions
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CompAct-HD trial

Trial set up:

Large multicentre trial recruiting patients undergoing chronic haemodialysis
* 6 blood samples collected for each patient.

* Clinical data was simultaneously collected.

* Mobile lab unit used for prompt sample processing
Inclusion Criteria:

- Adult patients

- Undergoing chronic haemodialysis

Exclusion Criteria:

- Recent or active infection (within 28 days)

- Known blood borne virus

- Pregnancy

Sample handling and analysis:
- All samples were frozen within 50 minutes of collection until analysis

- Highly multiplexed assays were used for analysis of 27 biomarkers of
inflammation.

- Single point samples from 14 healthy donors were analysed simultaneously for
comparison

Total Patients

Screening
Failure

84

Screened

581

Declined
72

Withdrawn

Consented but
not recruited

Total Participants

354

M 226 F 128

Complement Proteins

C1q C2MBL C4 C4b
C3 C3b/iC3b C5
C5aC9FH
Properdin FD FI FB

Cytokines + Growth
Factors

G-CSF, IFN-y Il-18 11-2 IL-4
IL-6 IL-8 IL-10 MCP-1 IL-
12p40 Ilp-70 TNF-a IP-10



Baseline Characteristics

Total (N = 354)

Age 61.6(46.1-77.1)
1N 1 1 1 Male 226(63.8%)
Clinical data from 8 dialysis units L
thnicity
0,
Primary Cause of End Stage Renal Failure Argb } o 1(0'34’)
120 Asian/Asian British 70(19.8%)
100 Black/Black/British 39(11%)
2 e Mixed 5(1.4%)
g 0 Other 5(1.4%)
° White 234(66.1%)
R Access
= 2 I I I l Tunnelled Line 180(50.8%)
. IIIII-----____ ________ Graft 1(0.3%)
F ST N i 9
& Q@ _\0\ Q@ \6@ . @« o 0,5\ & &8 ,@“ é}o & Q@ &V\\ & \6@&6\7,& (o@z_\,,é"" \605" & 6@,\&”" .Flstula 173(48.8%)
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& & & e SN S ORI N &S SE s o Fresenius Classix 144(40.7%)
ey RSN R X W L L © & L E S < . . o
N Q@@ RO & & PO Q@«@ T & Fresenius CorDiax 141(39.8%)

] ¢ O N\ Q' N Q N Qo X .
® o Q;O&Q N &&‘},\‘\* o@é" & %\e"? Nipro Sureflux 67(18.9%)
N
& & ¥ P O & Baxter Theranova 2(0.6%)
& é@ Q & $§g §§?
Dialysis Vintage
Clinical Frailty Scale
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Results

An intradialytic spike
could be seen for the
majority of complement
proteins relative to
healthy donors.

Similarly, a relative
increase in cytokines
could be seen amongst
dialysis patients.

Fold Change

Fold Change

Intradialytic spike scaled to healthy donors

L

i 1]

ISP PP PO CR® SR T
>
Complement Protein

Maximum Cytokine release relative to healthy donors

15=

RN
o
|

3
1

Relative intradialytic spike in C5a

Fold Change

10+
g -
6 -
4 -
od oheiiee
0 T
Participants
Cytokine MW
IL-12p40 40kDa
IL-1B 17.5kDa
IL-6 21-28kDa
IL-12p70 70kDa
IL-10 18.5kDa
TNF-a 17.4kDa



The temporal changes in complement and cytokine activity during a

heamodialysis treatment

An acute rise in both complement proteins and cytokines can be
seen in the first 30 minutes from the start of haemodialysis.

Patients follow their trajectory during the course of the session

allowing them to be classified into low, medium and high responders.

C5a
20000 -
- 10.4kDa
£ Q3
S 15000 -
2
5
= 10000 — Median
s
c
% 000 f'/’\‘czl
c q
o
(8]
0 I I I 1
0 1 2 3 4
Time (hours)
© Healthy Donor
IL-12p70 70kDa
25
:lg ® °
20
o Q3
2
c 15
.0
£ 104
S Median
3] 4
551 X
%) Q1
0 1 1 1 1
0 1 2 3 4

Time (hours)

Cb5a (Top Quartile)

50000 - °
[ ]
40000 — Top All
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£
§_>30000 5 11319.27 5,989.22
§ 15 18106.09 10,912.06
g 20000 30 20544.33 11,722.44
S 60 23335.19 12,284.61
o
© 10000 - 240 20355.97 11,635.97
0 1 1 1 1 1
5 15 30 60 240
Time (Minutes)
C5a (Lower Quartile)
50000~
__ 40000 Lower All
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>
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2 15 6156.51 10,912.06
©
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0 = i si
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5 15 30 60 240

Time (Minutes)



CompAct-HD: Summary of Findings

An acute inflammatory temporal response can be seen in patients undergoing haemodialysis with ultrapure
water using high flux membranes.

Activation of the complement system during haemodialysis translates into an acute inflammatory response
with release of cytokines, chemokines and growth factors.

Patients can be categorized into low, medium or high responders based on level of response during dialysis.

Patients exhibiting high levels of immune activation are likely to be at a greater risk of complications from chronic
inflammation.

Using a risk stratified approach, we can identify patients most likely to benefit from targeted, therapeutic
interventions to modulate complement activity
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Mitigating bioincompatibility in medical devices

Modification of Biomaterial

Hydroxyl Group Substitution

Modification of surface charge

Coating of Biomaterial

Heparin Coating
Vitamin E Coating
Drug eluting

Supportive therapy

Anticoagulation

Antiplatelet therapy



What’s on the horizon for haemodialysis patients?

N
(@
Complement Inhibitors Coagulation pathway inhibitors Membrane modification
Compstatin (C3 inhibitor) Oscocimab (Factor Xl-a inhibitor) CorAl membrane (hydrophilic, more
Soluble CR1 (C3 inhibitors) biocompatible membrane)

5C6 (Factor H binder)



H - G u a rd : a N OV e l th e 1 a py Classical Pathway Lectin Pathway Alternative Pathway
ota LE

* Factor H is a potent down regulator of the complement system.

[C4b2b] [C3bBb]
C3 convertase —> 4—— (C3 convertase
. . . o) ®
* PspCis a surface protein found on Strep. Pneumoniae, used to capture M\oa@
Factor H and evade the immune system.
C3a c3b e———— Factor H
* H-Guard uses PspCN biotechnology to coat the extracorporeal circuit, l
acting as an “invisibility cloak”, preventing activation of the immune [C4b2bC3b] [C3bBbC3b]
system during treatment. CS convertase \ f CS convertase
e H-Guard attenuates excessive complement C5
activation (ex-vivo)
T
% 1500 csa
8 C5b
v
00 C5b-C9

Membrane attack complex (MAC)

0 5 15 30 60 120 180 240
Perfusion Time / min v

M 5C5b-9 without H-guard B sC5b-9 with H-Guard

Cell Injury



Completed Phase 1, First
In Human safety and
feasibility study (2024)

- Successfully completed treatment for 8
patients

- Safety/tolerability data was supportive
in all patient studies

- Further analysis and clinical trials are
underway




A better future in dialysis?

Bioincompatibility remains a problem in
dialysis today

Evidence supports complement activation
and inflammatory changes during
haemodialysis

Potential for targeted therapy with novel
agents

Addressing bioincompatibility could close the
wide gap between outcomes in patients on
dialysis and the general population.

Age of dialysis and kidney transplant patients

M Transplant
M Dialysis
® General population

10 20 30 40 50 60 70 20

Expected remaining lifetime (years)

90

85

- 80
- 75
- 70
- 65
- 60
- 55
- 50

- 45

- 35
- 30
- 25

- 20

15

Age of the general popu lation
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