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Pat. Yoll, 40 vr. female, fig. 52 and §3. This was the first patient who underwent peritoncal dialysis in the

Binnengasthuis,
History: Tn the Jast months of her hfth pregnancy, the patient t’nmplained of constant headache; hyper-

tension was found, and a salt-frcr: dict was prcscribcd
O Mg dhe e cnndoveliped ot dismurhaces,
On l\im 16 *aha. WS ¢ admmd L’Dﬂhﬂhpi[dl I‘ldﬂﬂlﬁhu‘ towa as she fud lost a grear deat of blood From

the vagina: solutio placentae occutred, which was followed by anura,
~ On Nov. 22, she was transferred to this hospital
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Fig. 49 - Instruments for peritoneal dialysis.



Tl compasiions of the sriation fid at diflezent periods are showa in fg 52. The nitel composition
was: Ne 130, K 25, Ca 2, (1 1045, HOOy 30 meq,/L; glucose 2.5%, heparin 10 mg/L, chlotamphenicol
s mgL. The ghucose concentration in the irrigation fluid was increased later, when the patient had become
dysproeic and oedematovs, The Huid was brought into the abdomen from & . bottles,

The flow rate varied from 300 to 800 ml pet hour, During a period of 8¢ hours ot dialysis, $1.5 iitres
fuid were brought into the peritoneal cavity, and 4 litres removed; a great deal of fluid had beea Jost due
to leakage. On the first day 2 urea concentration of z gm/L was found in the outflow fluid with 2 bload
concentration of 4 gmyL. At one poiat, a rather low urea concentration was fornd in the outfiow fuid,
indicating a short-cut between the inflow and the ontflow tuhes. A total of 109 gm urea was removed at 2

peritaneal urea tlearance of 3.6 to 16 mljmin. (average 7.8 ml/min.).
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Fig. 50 - Set-up during peritoneal dialysis.
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PD solutions



Studies of peritoneal dialysis

J Gjessing

Gjessing, J,: Absorption of ampicillin from the dialysing fluid during peritoneal dialysis. Opusc. Med., 1968, 13, 215-218
Gjessing, J,: Peritonealdialysens inverkan pa andningen, Svenska LakarTidn., 1967, 64, 26.

Gjessing, J.: Pleural dialysis. Acta Med. Scand., 1967, 182 259-261

Gjessing, J,: The use of dextran as a dialysing fluid in peritoneal dialysis. Acta Med.Scand., 1969, 185, nr 3

Gjessing, J. Addition of amino acids to peritoneal dialysis fluid, Lancet, 1968, ii, 812.

Gjessing, J. & Dencker, H.: Abdominal paracentesis with a dialysis catheter and peritoneal lavage - a diagnostic test in acute
abdominal conditions. Acta Chir. Scand., 1968, 134, 351-352.

Gjessing, J.: Peritoneal dialysis in severe acute haemorrhagic pancreatitis. Acta Chir Scand., 1967, 133, 645-647.
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Evolution of PD Solutions

Before 1990

Solutions for
removing
uremic
toxins and
fluid

2000 -
Glucose sparing

formulations for

1990/2000 - - both systemic and
local benefits
Solutions for 2010 -
nutrition, Additives to
new osmotic == address systemic
agent for /inflammation,
. oxi/dative stress
Improved UF, .
and associated
and improved morbidities and
biocompatibility preserve

membrane
function




Global biocompatibility in PD

The Patient / " \* The Solutions

The Membrane




Some Approaches to Management of
Peritoneal Glucotoxicity

Protein glycosylation

Amadori adducts
AGE

Iso-osmolar agent

Non-glucose agent

Icodextrin Non-glucose agent
Icodextrin
Amino acids .
Glycerol Icoqextrlr.\
Amino acids
Glycerol

Glucose degradation
products

Non-glucose agent
Low GDP glucose

Icodextrin
Amino acids
Glycerol

Low GDP glucose



High glucose
concentration in the
PD solution

Inflammation, fibrosis, angiogenesis, apoptosis; necyosis

Mesothelium thinning

X % — 9 \\‘_\ 3
- A i E‘\ S —
/-Lé % . #“ X\ fibrosis
Neoangioc en'v'esi‘ . =N |

C Holmes, PDI 20, supp! 5, 2000

* Itis recommended:
 To avoid excessive use of high glucose concentration by
using the new osmotic agents
* To utilize the new multicompartment (double or more) PD
solutions, w/ low GDPs Remon C. Didlisis y Trasplante 2006



Glucose Load — Some Context

100 pounds (45 kg of sugar)
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Second generation PD Solutions: Used in new ways

Glucose Free Solutions

v

- |
U] I
Icodextrin Amino Acids Combinations
PH 5.2 pH 6.7
Low GDP No GDP
Iso- | : : :
SoTosmoar Biocompatible Glucose Based Solutions
_— \
I]|_| I]|_| I]|_ DL D|_| D|_|
pH 7.0-7.4 pH "6.3 pH7.0-74 pH70-74 pH70-75 pH6.3-75

Low GDP Low GDP Low GDP Low GDP Low GDP Low GDP
HCO,/lactate



Improving the quality of PD care

Physioneal, Extraneal and
Nutrineal may preserve
S ﬁ the membrane
r ‘ b E‘\\E 7% functionality for longer
* b L » g‘ﬁ_\k}"} by:

L &/
" * Reducing glucose exposure

>

D T

e __"x-—.:__\_hll‘ E.—-“"’ [} | =

Changes to the peritoneal - Reducing GDP
membrane over time



Advanced solutions in combination may help to slow down
the progression of co-morbidities by:

Minimising glucose load

Optimising fluid balance

Delivering 25% of daily protein needs
Improving hyperlipidaemia

Reducing hypertension

Improving blood sugar control

Preserving RRF
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Metabolic tailoring of peritoneal dialysis solutions,
an approach not fully explored

19



() COREQUEST

Attributes of an ideal bespoke metabolic tailoring ...

2>
2>

v oV

v v VY

Osmometabolic Agents

\

Active  osmotic ingredients
(cristalloids & colloidal agents)

Glucose sparing

Fully metabolizable to
final/intermediate products

Locally & systemically safe

safe

Combining active osmotic agents
Poor insulin secretagoue
Moderate caloric load
Addressing comorbidities

>

>- Desiderata
->

Residual kidney function
Peritoneal membrane function
Survival

Better volume control

Better glycemic control
Less peritonitis
Reduce CVD risk
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Outcome of Intraperitoneal Glucose Load

Local effects J

¢

l Glucotoxicity, GDPs

¢

l Changes to peritoneal membrane
structure and function

Systemic effects J

Glucotox Pathways:

ANENENEN

¢

l Fluid overload and inflammation

:\J"v;ﬂ"‘:.-, S~

Submesothelial fibrosis  Vascular proliferation

Polyol
Exosamine
PKC

AGEs /

Increased

Carbohydrate load:

v' Hyperinsulinemia
v" Selective Insulin
Resistance

Cardiovascular

21



() COREQUEST
Selective Insulin Resistance (Liver)

Cell Metabolism

I Insulin —> Hyperinsulinemia

Selective versus Total Insulin Resistance:
A Pathogenic Paradox

| N S R * Michael S. Brown'-" and Joseph L. Goldstein!-*
"Department of Molecular Genetics, University of Texas Southwestern Medical Center, Dallas, TX 75390, USA
*Correspondence: mike.! western.edu (M.S.B.), joe. edu(JLG)
DOI 10.1016/].cmet 2007.12.009

Pancreas '-.'.OICO- .lll.l....
: h4
IRS1/2
Insulin Resistant o \ Insulin Responsive
AKT* PKCAL?
/
- Y
FOXOt1 SREBP1c S
/ * Dyslipidemia
/
Gluconeogenesis De novo lipogenesis

Liver Steatosis

“In type 2 diabetes, selective insulin resistance has implications for therapy. By
““brute force’’ treatment of type 2 diabetes patients with large doses of insulin, we

can overwhelm the insulin resistance and control the blood sugar, but at what
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Mitigating the ‘Load’
Outcome of satne

in PD patients Bioactive Glucose
Intraperitoneal — Sparing
Glucose Load (soon)
v" To improve biocompatibility and safety

Local effects Systemic effects

v" To reduced glucose concentration in PD fluid
without altering the UF profile

v" To improve glucose homeostasis

Increased v To limit endogenous/exogenous insulin

Cardiovascular \ exposure /
Risk

L-carnitine
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Carnitine based peritoneal dialysis solutions: an “osmo-
metabolic” approach

Carnitine’s highlights:

% Naturally occurring compound (MW 160)

s Extremely stable (ho degradation products when steam sterilized)

% Good osmolar property

% Excellent biocompatibility profile (in vitro) than current osmotic agents for PD
< Well tolerated both locally and systemically

s Excellent safety profile

* Therapeutic add on values as a conditional drug (i.e., dysmetabolic diseases)

** Possibility to be combined with other osmotic agents

+* Formulation of specific PD solutions (i.e., type Il diabetics)

24
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Carnitine’s metabolic action

34

25



() COREQUEST

Main metabolic functions of the carnitine system

X/

¢ Mitochondrial B-oxidation of long-chain fatty acids

X/

+* Modulation of the acetyl-CoA/free CoA ratio in mitochondria

+* Key role in intermediary metabolism

long-chain \

fatty acids

acyl -CoA\

(CACT

oT2
acyl-carnitine = acyl-CoA

B-oxidation

acetyl-carnitine ace*ryl—CoA/

26
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Main therapeutic use of L-carnitine

For the prevention and treatment of carnitine deficiency in
patients with end stage renal disease who are undergoing
dialysis!

Blood flows
fo dialyzer

Hemadalyzer
(where filterng — 7
1akes placa)

—

DIN 02144344 SmL vid B

| o
Hemodalysis | J
maching | {
{
Blood fiows LIV
back to body \:_3_, ’

Hemodialysis
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Carnitine levels in healthy subjects and dialysis patients

ORIGINAL ARTICLE

L-Carnitine status in end-stage renal disease patients
on automated peritoneal dialysis

Lorenzo Di Liberato - Arduino Arduini - Claudia Rossi - . free carn iti ne

Augusto Di Castelnuovo - Cosima Posari - Paolo Sacchetta -
Andrea Urbani + Mario Bonomini

acetyl-carnitine
More than 40% reduction...

50.0

40.0
» APD patients show the
S~ o ege
& 300 highest carnitine
g deficiency...
S 200
=

10.0 —

0.0 = =

28
J Nephrol (2014) 27:699-706.
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Carnitine overexposure improves muscle glucose homestasis

High carnitine exposure

and flux effects

Improvement of insulin

sensitivity and glucose disposal

Glucose

\

Pyruvate

. G6P > glycogen

Acetylcarnitine blood
Efflux Alb-FA
A
LC acyl-CoA

Acetylcarnitine
A

—

lCitfate
A

.
f carnitine1
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Liver insulin resistance and glucose production

CH . blood
73 i Acetylcarnitine
CH3-II\I"-CH2-CIH-CH2-COO Lactate efflux Alb-FA
CH; OH
High carnitine exposure \
& P LDH !

and flux effects

Vv

pyruvate

acetyl-carnitine

CPTs

S
S
~.
______

~~~~~~~ . PDHK
Improvement of insulin sensitivity

acetyl-CoA l
6Pgenesis

and glucose disposal
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Original Investigation

Effect of an L-Carnitine—Containing Peritoneal Dialysate on
Insulin Sensitivity in Patients Treated With CAPD: A 4-Month,
Prospective, Multicenter Randomized Trial

Mario Bonomini, MD.," Lorenzo Di Liberato, MD," Goffredo Del Rosso, MD,Z
Antonio Stingone, MD,? Giancarfo Marinangeli, MD.,* Agostino Consoli, MD,
Silvio Bertoli, MD,® Amedeo De Vecchi, MD,” Emanuele Bosi, MD,%
Roberto Russo, MD.? Roberto Corciulo, MD.? [ oreto Gesualdo, MD,
Francesco Giorgino, MD,"° Paolo Cerasoli, MD," " Augusto Di Castelnuovo, PhiD,"2
Maria Pia Monaco, MD," Ty Shockiley, ScD,’? Claudia Rossi, PhD, " and
Arduino Arduini, MD'S

Randomisation Clamp Clamp \

t 4 months
\ 0 J
| |

Enrollment period Treatment
(14 days)

Active Group Control Group

Glucose (1.36 0 2.27%) § Glucose (1.36 0 2.27%)

Diurnal Dwells

Plus L-Carnitine (0.1%)

Primary end point: change in insulin sensitivity, evaluated by

euglycemic hyperinsulinemic clamp

Am J Kidney Dis (2013) 62:929-38

31
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Insulin sensitivity (clamp) in PD patients treated with glucose- or
glucose/carnitine-based PD solution, a proof of concept, prospective
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Am J Kidney Dis (2013) 62:929-38

Day 120
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—
NS 100
N 21,4% 3
g 50 @ (median) ®
2
g N 3
© 6 Patients ’ -.- 13 Patients
” e
(o' Jd - e _ _ e
— 0 8
O T\ ®
r] 6 Patients @ 2 Patients
gp .50 -2,3-%
£ (median)
(]
e
& -100
e
-150 T T
Standard L-Carnitine

32



CLINICAL DATA FOR L-CARNITINE

Ultrafiltration in PD patients treated for 5
days with glucose/carnitine based PD

solutions

In 4 stable CAPD patients, evaluation of
tolerability and efficiency of a nocturnal

peritoneal dialysis solution containing

glucose (1.5%) plus L-carnitine (5 grams;

0.25%) used for 5 consecutive days versus
a standard glucose 2.5% solution routinary

used for nocturnal dwell.

Net ultrafiliration (ml)

800

400

~400

A UF (%)
=)

http://www.kidney-intemational.org original article

2011 International Society of Nephrology

ee commentary on page 565

L-Carnitine is an osmotic agent suitable for
peritoneal dialysis

Mario Bonomini', Assunta Pandolfi?, Lorenzo Di Liberato', Sara Di Silvestre?, Yvette Cnops®,
Pamela Di Tomo?, Mario D'Arezzo’, Maria P. Monaco', Annalisa Giardinelli?, Natalia Di Pietro?,
Olivier Devuyst® and Arduino Arduini®

Kidney Int (2011) 80:645-54

ODay0 BDay 1 MDay 2 BDay 3 BDay4 SDay 5

(LI ELCAEREER T ELRTERIY

Patients

ol

A UF (%)

i Sandarg POS L-C POS H
T u T D L)
2 3 4

Patients

33
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Xylitol’s metabolic and osmotic actions

34

34
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Xvylitol highlights:

Xylitol-Carnitine based peritoneal dialysis solutions: an
“osmo-metabolic” approach

Naturally occurring five-carbon sugar alcohol
Molecular Weight: 152.1

Extremely stable (no degradation products when steam sterilized)

Osmotic properties comparable to glucose

It enters into the Pentose Monohosphate Shunt (PPP)

Very modest insulin secretagogue

Several grams of it is produced daily by the liver (5-20gr)
Mainly metabolised in liver and red blood cells
Used in total parenteral nutrition (up to 3gr/kg/day)

Tested as a standalone osmotic agent in diabetic PD patients

Very low glycemic index

35
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Gl

(-

Metabolic fate of xylitol in mammals

Pentose Monophosphate Shunt
Oxidative branch
ucose Xylitol

2 NADPH + CO, i

== -_‘1;_:_:_:\.2&-,----#----*'}

II
l
l
l
l
l
l
\

Glycolysis

Fructose 6-phosphate

Glyceraldheide 3-phosphate

Glucose 6-phosphate =+ -> * Ribose 5-phosphate (C 5)

R

C3,C4,Cs,Cq,Cy

|

C6& C3

SpEEEEEEEER IIIIIII“

SppsEEsEmpEEEEEESR

L4

l
l
i l
l
]

Pentose Monophosphate Shunt
Non-oxidative branch

36



() COREQUEST

SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

FIBROSIS

Inhibition of hyperglycolysis in mesothelial cells
prevents peritoneal fibrosis

Meijun Si'2x, Qiangian Wang1'3*, Yin Li'%, Hongchun Lin", Dan Luo', Wenbo Zhao', Xianrui Dou?,

Jun Liv®, Hui Zhang®, Yong Huang®, Tanqi Lou', Zhaoyong Hu®!, Hui Peng“r

Human primary mesothelial cells

30- Glucose Oligomycin
£ i
E9p. TGF-B1
T
S
E
104
§ - (TL
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8 -
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6 -

o N D
| I—
i*
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+*
+*
>
**

Protein expression
(fold change)

FN1  COL1A1 a-SMA

Sietal., Sci. Transl. Med. 11, eaav5341(2019) 5June 2019

PD fluid
2-DG

FN1

Inhibition of glycolysis attenuates profibrotic
phenotype of human mesothelial cells and
peritoneal fibrosis in mice

Saline

PD fluid

-250 kDa

- 150 kDa

Protein expression

(fold change)

15+

-_—
o
1

w
|

o
I

[1Saline [ PD fluid
[ Saline +2-DG [ PD fluid + 2-DG

*%%

*%

FN1 COL1A1 a-SMA

< Iperboreal Pharma
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Xylitol, a very modest insulin secretagogue ...

Gut hormone secretion, gastric emptying, and glycemic responses to erythritol
and xylitol in lean and obese subjects

Bettina K. Wolnerhanssen,'? Lucian Cajacob,! Nino Keller,! Alison Doody,® Jens F. Rehfeld,?

Juergen Drewe,® Ralph Peterli,’ Christoph Beglinger,? and Anne Christin Meyer-Gerspach'

'Department of Biomedicine of the University Hospital Basel, Basel, Switzerland; *Department of Research of the St.
Claraspital Basel, Basel, Switzerland; *Diabetes Complications Research Centre, Conway Institute University College,
Dublin, Ireland; *Department of Clinical Biochemistry, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark;
SDepartment of Clinical Pharmacoelogy, University Hospital Basel, Basel, Switzerland; ®Department of Surgery of the St.
Claraspital Basel, Basel, Switzerland

125 - 0
j -
100 -
E S £8
c Eo
= 50 - g
= | Xylitol i§§
2 251 Fdeg g=

o : 'ﬁ“‘ﬁ—ﬁ-‘ﬂ"'“'&'—-q‘g:—"-=nww

0 15 30 45 60 9 120 180
Time (min)

0 10 20 30 40 50 60 T0 &0
Glycaemic index (glucose = 100)

Fig. 4. Relationship (—; Slope = 075 (se 0-05)) of the insulinaemic index to the glycasmic index for polyols and sucrose for untransformed
data (a)} and square root transformations (b). Data are from Table 5 and are means, with standard errors represented by vertical and horizontal
bars (among studies) for sucrose (), regular-maliitel syrup (O}, intermediate-maliitol syrup (W), high-maltitol syrup (&), polyglycitol (&),
maltital (4, sorbitol (), wylitol (@), isamalt (<), lactitol (W), engthritol {0), and mannitol (). (- - -}, Unity.

Am J Physiol Endocrinol Metab (2016) 310:E1053-61 Nutr Res Rev (2003) 16:163-91



() COREQUEST
Use of xylitol in Peritoneal Dialysis

(Bazzato et al.)

Phase Il, exploratory study to test safety and metabolic/ultrafiltration
efficacy of a xylitol based PD solution in uremic diabetic patients

s Patient population: 6 PD patients with poorly controlled type | diabetes

¢ Patients previously treated with a CAPD glucose-based for 5.8+1.55 months

(mean+se)
s daily therapeutic program including 4 exchanges of 2 L, 2 of which containing glucose
2.0 % and 2 with glucose 4% (up to 240 gr)

** Study plan: from 5 to 11 months treatment with a daily therapeutic program
including 4 exchanges of 2 L, 3 of which containing xylitol 1.5% and one with
xylitol 3% (up to 150 gr)

Am Soc Artif Intern Organs (1982) 28:280-86

39
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Biochemical parameters before and after 5 months of xylitol-
based PD solution in Type 1 diabetics

Xylitol load of 150 gr per day

before after

BUN 51.3+15.6 49+18.2
(mg/dL)

Creatinine 6.9+1.3 6.7+0.9
(mg/dL)

Uric acid 5.6+0.7 9.1+1.0* 1
(mg/dL)

Total Protein 6.5+1.1 6.3+0.8
(9/dL)

Haemoglobin 12.6+2.8 12.3+2.3
(9/dL)

Body weight 58.3+12.4 56.4+11.6
(Kg)

MAP 102+4.2 98+5.3
(mm Hg)

Blood Glucose 205+23 193+18

)

HbA1c 12.9+0.82 10.7+1 .oa*;
(%)

Insulin Dosage 124+16 59+14* ‘«
(VI)

Triglycerides 316+49 213+42* l
(mg/dL)

Cholesterol 308+43 245:40%
(mg/dL)

HDL-Chol 38+6.6 47+7.3* 4
(mg/dL)

Trans Am Soc Artif Intern Organs (1982) 28:280-86

before after

SGOT 21+3.6 24+4.3
(/L)

SGPT 23+5.4 28+4.0
(/L)

CPK 31+9.6 35.4+12
(/L)

6T 36+5.8 37+7.5
(/L)

Alk. Phosphat. 193+48 208+36
(/L)

Bilirubin 7.8+1.0 8.2+3.0
(mg/L)

Sodium 139+3.6 138+3.2
(mEq/L)

Potassium 4.3+0.8 4.2+0.6
(mEq/L)

Calcium 9.5+1.7 9.8+1.4

)

Phosphorus 4.3+1.1 2.8+:0.7*
(mg/dL)

Magnesium 3.1+1.6 2.9+0.7
(mg/dL)

Bicarbonate 23.9+3.2 24.1+2.9
(mEq/L)

Lactic acid 12.6+3.5 17.5+3.1*4
(mg/dL)

40
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Use of xylitol in Peritoneal Dialysis k&*

Additional Outcomes and Considerations:
s Xylitol-based PD solution was safe and well tolerated over a 6-month period

+» Ultrafiltration profile of the xylitol-based PD solution (150 gr per day) was

comparable with that of glucose-based PD solution (240 per day)

L)

* No sign of oxalate accumulation

L)

>

D)

% The amount of xylitol effectively absorbed by PD patients was about 110gr/day, that
is much lower than the maximal iv dose recommended by German Health

Authorities (210gr/day for 70Kg bw)

4

** Buoncristiani & Di Paolo have treated 11 PD patients with a 2 L PD solution
containing glucose (1.5%) and xylitol (2.5%) for more than 5 years [19° Giornate

Nefrologiche Senesi (Buoncristiani & Di Paolo, eds), pp 303-308; Bios, Italy]

41
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Glucose sparing along with an insulin-independent modulation of
glucose disposal/production

(T

L-Carnitine Xylitol

inhibition of li
. ittle/no
increased < glucose

insulin
secretion

glucose

production
uptake

low plasma

)  glucose

exposure

Polydextrin
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BACKGROUND ON THE PRODUCT

XyloCore

(Xylitol, Glucose and Carnitine)

XyloCore — Composition of three different strengths

. Medium .
] C
Osmotic Strength Low Strength I High Strength

Xylitol mmol/L 46

98.6

125

(0.7% w/v) (1.5% w/v) (2.0% w/v)

Glucose mmol/L 27.7 83
(0.5% w/v) (1.5% w/v)
L-Carnitine mmol/L 1.24
Sodium mmol/L 134
Calcium mmol/L 1.75
Magnesium mmol/L 0.5
Chloride mmol/L 103.5
Lactate mmol/L 35
55%£0.5

Osmolarity mosmol/L 351.9 404.5 486.2

corresponding to Dianeal containing 1.5%,  2.5% and ¢ 4% (w/v) glucose

43
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ELIXIR

A Study to EvalLuate the Efflcacy and Safety of XyloCore, a Glucose
Sparing ExpeRimental Solution for Peritoneal Dialysis

Study design:
Randomized, controlled parallel groups, open, multicenter study, comparing the
effects of a low glucose PD solution, XyloCore, to Physioneal only regimen, in
patients with End-Stage Renal Disease (ESRD) receiving Continuous Ambulatory
Peritoneal Dialysis (CAPD), over a 6-month study period. All patients will receive
Extraneal (7.5% lcodextrin) for nocturnal (long-dwell) exchange.

Objectives:
The primary objective of this study in CAPD patients is to demonstrate the non-

inferiority of XyloCore compared to the Physioneal with regards to safety and
efficacy.

44



CLINICAL DATA FOR XYLITOL

Use of xylitol in Peritoneal Dialysis

Additional Outcomes and Considerations:

/

* Xylitol-based PD solution was safe and well tolerated over a 6-month period

s Ultrafiltration profile of the xylitol-based PD solution (150 gr per day) was

comparable with that of glucose-based PD solution (240 per day)
* Significant improvement of glycemic control (HbA1c)
** No sign of oxalate accumulation

s The amount of xylitol effectively absorbed by PD patients was about 110gr/day, that
is much lower than the maximal iv dose recommended by German Health

Authorities (210gr/day for 70Kg bw)

L0

** Buoncristiani & Di Paolo have treated 11 PD patients with a 2 L PD solution
containing glucose (1.5%) and xylitol (2.5%) for more than 5 years [19° Giornate

Nefrologiche Senesi (Buoncristiani & Di Paolo, eds), pp 303-308; Bios, Italy]
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PD-protece: best-in-class product
developed to prevent major PD related complications

zytoprotec

Overview

PD-protec® key advantages

PD-protec® is a solution for peritoneal dialysis being developed to
significantly improve and prolong the survival of patients undergoing PD
A clinical phase I/l trial and a pilot phase Il with PD-protec® demonstrated
the clinical safety of PD-protec®

Early clinical trials provided promising data on beneficial effects in respect
to peritoneal membrane protection, peritoneal stress response and
peritoneal immunocompetence

A multi-center placebo controlled, cross-over best-in-class Phase ||
double blinded clinical trial with PD-protec® met both primary outcome
parameters, reflecting improved membrane integrity and increased
immune competence, and demonstrated no drug-related adverse events

Intellectual property
Granted patents: EU, US, Canada, Hong-Kong and Japan
Orphan drug designation received by US FDA in Nov 2017

PD-protec® description

“Nowvel fluid for peritoneal dialysis designed to avoid the damage
that current fluids cause to abdominal tissue by using AlaGin in
addition to a glucose PD fluid™

Current
PD Fluids

i

Coch
“Bigincompalible
PO-Fluids™, 2014

T

/
l

PD-protec®

i

Rassarch of the
Ausfricht Group in PD:
Cochrane on <G
Critically Il patients”, 2014

Source: Company knformadion

Sdricthy Privais & Confidengal 5



Phase Il Trial Data unblinded.........

4 weeks 8 weeks 8 weeks
| | | A: Standard Physioneal®
group | > A > B > B: PD-protec™ 8mM AlaGln
All Austrian Centers
group i > B > A > with >10 Patients invited

] 1 | |

T T 54 PD Patients were enrolled

Screening Visitl  Visit2Z  Visit3  Visit4  VisitS 37 completed both treatments

PET FET PET

EudraCT Mo. 2013-000300-42
Pl: Prof. sndreas Wychytl, 11 Med

MEDIZINISCHE
UNIVERSITAT WIEN

-Two Primary Endpoints
- Peritoneal immunocompetence
- Mesothelial cell mass/status

.. and various secondary and exploratory Endpoints covering
all Pathomechanizms relevant in PD

: _ ' ¥ European Training & Ressarch in Peritoneal Dialysis ytoprotec
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Telemonitoring

/ CJPS | VilalF’oinj\

CJPS | viawain

Allows for real-time capture and transmission of
numerous physiological variables (pulse, blood
pressure, weight, glucose).

Most utilize “Bluetooth” connectivity

Juan Jesus Carrero Roig 10th March 2009
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Sharesource

Patient’'s Home
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https://na.sharesource.com/patientportal

For Patients on Home Dialysis Remote Patient Management

QSh Arecource PD-cycler embedded
e remote patient management platform

Treatment data is automatically collected after each PD session

Allowing healthcare providers to securely view their patients’ recently completed home dialysis-related
treatment data

Allowing Healthcare providers to act on this information by directly contacting the patient and/or
remotely adjusting their patients’ home device settings

Peritoneal Dialysis Masterclass 2019 adcock ingram q

Changing Landscapes critical care



https://na.sharesource.com/patientportal

Sharesource Clinician Dashboar

( Sharesource

Patients

Reports

Clinic Settings

Patient Actions

Claria Patient
Snapshot

Claria Device
Settings

laria Device
Program

ALLEN, JOHN

Date of Birth: 27 Jam

Homechoice Clz

These settings apply
page.
Apply Clinic Te

Select

Time [ v
Selectiftreatmentin
Total Therapy Volum:
Range: 200 - 80,00

Day Therapy
No v

Night Therapy
Yes

LastFill

(Sharesource

Clinical

Clinical

Reports

Report

Dashboard

Mr=. Jane N Doe

Clinic 21

Chicago

Attending Fhysician Treatment Status Devices - Modality .
[Can = | | Sharescurce Treatmen [=] [ Al =] [an =] | Filter |
- =1 =
Legend 4 A7 July 2012 - 22 July 2012
e — Sunday Monday Tuesday  \Wednesda Thursday Friday
17 18 19 21 22

Carrel, Stella A.
27 Jaruary 1924
Current Cevics: Amia 1.0

Cleary, Bill M.
CINIG PaRlen ID- 669-6749
‘Current Device: Amila 1.0

Dublin, Alex

27 January 1924
‘Current Device: Homecholce Clarla 1.0

Harrison, Randi
Sater Patient ID- 34279735
Current Device: Viiis 1.0

Jacks, Samantha

27 Jaruary 1924
Current Devica: Viia 1.0

Larks, John
27 Jarary 1924
‘Current Cevice: Homecholos Clarta 1.0

Marvin, Harold C.
Cilinkc Patient I0- 659-6749
Current Devios: Wiz 1.0

Peters. Nils
Sader Patlent ID- 34279735
Current Device: Viia 1.0

Peterson, Larry F.
27 Jaruary 1924
‘Current Cevice: Homecholos Clarta 1.0

Right, .JJohn
27 Jarwary 1924
Current Devics” Homeachokos Clarta 1.0

Records 1-10 of 52
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Search

Saturday

Slide courtesy James A. Sloand

Clinic Settings

Please selectthe Report Categor’ =2n Pannr Mama | -
* Indicate required field.

12 September 2015 - 18 September 2015

Treatment Data

o O o o n n
Saturday Sunday Monday Tuesday  Wednesday  Thursday Friday
12 13 14 15 18 17 12

Program Name Daily Daily Dily Daity — Disity Daily
Night Cycle UF [mL) a0e a1t s11 510 — 812 a1z
Pre-Weight (kg) 103.0 102.0 102.0 1030 — 1020 102.0
Pre-Blood Pressure 11278 12474 14285 112 — 145088 14372
(mmHa)
Night Cycle UF
1,000
I
1
i 500
i
o
Saturd ay 5nnda\' Mcmda'r Tussday Wadnasday Thursday Friday
15 16 17 18
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' - - o *
i
| -
! 100 -
E - -
! L] - - -
| 50
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APD RPM: Early Detection of Catheter Malfunction

A Cycle Profiles A
N

B

August 2016

» B

Sun Mon Tue Wed Thu Fri Sat

B
{ - December 2015 g B February 2016 b=
U L U \f \/ \{ \ Mon Tue Wed Thu Fri Sat Sun Sun Mon Tue Wed Thu Fri Sat
| |1 2 —E' = 'f T’f ‘ 1 2 3 4 5 6
VI | | S| S O S N O . TN

;
2 | 2 3 4 5 6
§° © 0 O O O O O O
% P _ 7 2 8 9 10 11|12 |13 8 9 10 |11 |12 |13 ‘\
§ LV | ==1 = 0 0 © 00 0o oo KV 1K ]
1< 5 7 19 2 15 16 17 18 19 20 14 15 1 17 18 19 20 -
*e =0 100 150 200 250 200 350 P w50 s Mol e e el B - VIEVIEVIEVIEVIE V. LV VIEVIE Y. &
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B | S Gy Gy Gy G5 G 6 © 0 0 0 0 0 9 o o o O —
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Falimated Pertoneal Volume (1

( : Cycle Profiles
'

o

Estmated Pertonesl Volume (\)

Time (minures)

Jotterand-Dreppe V, Martin P-Y, Sloand JA. Perit Dial Int 2017.
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From Manual to Digital

Modernising Dialysis



The identified “CAPD-challenges”
The Vivatum “Solution”

challenges and unmet needs

@@@ﬁg:ﬁ

ARRAY

Manual therapy lack  Patient based error- Demanding Irregular patient ~ Therapy Outcome  Patient Safety  Quality of life ~ Affordability
of digitalisation prone home to HCP(*) contact
therapy

CAPD Therapy “today” The “Solution”

Manual Therapy platform based,
] hardware supported

Integrated remote patient
care and therapy analysis
platform

Platform integrated CAPD
(home dialysis) hardware

(*) HCP = Healthcare Practitioner

57



Vivatum “remote patient care” and “therapy
analytics”

Vivatum-ALBA®

CAPD Therapy “today” | | g

hook scale

Manual Therapy

Vivatum-ALBA®
Interactive Patient
Terminal

Vivatum-ALBA®

pinch valve &
flow monitoring
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. Vivatum “remote patient care” and “therapy
. TS~ . N 77
Pie ~. analytics
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Customer benefits (summary)

Complementary to all PD
dialysates fluid and
connector systems

Remote patient care &
monitoring

Tailored therapy

Patient therapy guidance

Bi-directional
communication

Accurate & automatic
therapy data recording

Fewer hospitalisation

Vivatum PD ® Customer Benefit and Congress Feedback

PD-Solution and
Connector independent

Dialysate fluid flow
guidance to 1ml

Prescription flexibility

Improved therapy
adherence

Early detection of
complications

Real time therapy
analytics

Resource-saving and
cost- saving therapy

Higher therapy accessibility and affordability

Patient therapy retention

Automated
therapy

Care-free &
safe therapy

Remote
patient care

Therapy
Analytics

Feedback and Reactions to Vivatum PD @ EDTA
2019 in Budapest

Quotes:
“Alba modernises CAPD!” Commenting on the Device

“Now | can see catheter function daily!” Commenting on the Pinch
Valve Technology allowing measurement to the ml.

“This reduces the stress my team is faced with.!”

“My team can reach out to our patients bidirectionally and the
historical patient data is available to the entire team any time.”
Commenting the remote patient care, therapy analytics and EMR
integration.

“This allows us Nephrologist to be closer to the patients.”
Commenting on the Med.Device integration, the therapy cockpit,
the alarm functionality and Communication
“A patient can be managed by the team now”

“You have a training function for Patient Training, that’s great!”



Something New >> Vivatum-Sentinel®

Vivatum-Sentinel® remote patient care and therapy analysis software
ESRD / RRT remote therapy management, therapy analytics and EMR electronic medical record

= Treatment Plan established by the Nephrologist in Vivatum-Sentinel® (Secure Web Access)

= Patient Access via e.g. Vivatum-ALBA® CAPD Auto to Vivatum-Sentinel® with a verification process to the EMR

= Treatment Plan Tasks Communication to the patient and his device (e.g. Vivatum-ALBA® CAPD Auto, Tablet, Desktop, Smart Phone and others)
= Medical Device connectivity as per Treatment Plan requirements (Vivatum-Link® patient guidance)

= Nurse Management & Reporting by Web or App Portal Access

= Monitoring & Alerts possible to Nurse or Doctor as per established process

= Stand-Alone Option for Dialysis Units for ESRD-therapy options (PD = CAPD & APD & HD) without integrated EMR capability

Vivatum-Sentinel® remote patient care
Care Plan 360° Vison
O
a HCP
o * o * Health Care
Q Q Practitioner
Dialysis Patient Vivatum-ALBA® Vivatum-Link® Vivatum-Sentinel® EVMR
Interactive CAPD terminal & connecting therapy Remote patient care & Electronic Medical
communication-hub related medical devices analytics Record
i
. . . . . . . . . oo,y e H “li ®
Vivatum-Sentinel® with bidirectional remote patient communication capabilities. Vivatum-Link
device examples o
=



Vivatum-RRT Therapy Support®

Vivatum Remote Patient Care

Vivatum provides tailored solutions for Remote RRT Patient Care and the IT-platform beyond dialysis

n ,
Vivatum IT-Platform (Saa$S) I _ —.‘_E_ﬂ

Vivatum-Sentinel®

. _ . ® . - . Remote patient care, therapy analytic
Vivatum-Sentinel IT based remote patient care (bidirectional). and EMR IT-platform

Vivatum-Link® Designed to managed all ESRD patients. (Therapy / System independent).

Designed to reduce patient based manual therapy steps.
)
Vivatum-Link® —
S0l

medical device integration

N

Vivatum Hardware

Vivatum ALBA® Automated CAPD Patient Care.

Designed to automate the CAPD and manage &
support patients remotely.

Designed to eliminate error-prone therapy steps.

LN

—

Vivatum-ALBA®
CAPD Auto

Q__()_E
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Vivatum-PD®- System Overview
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Minerva Urol Nefrol. 2017 Mar 31. doi: 10.23736/S0393-2249.17.02882-X. [Epub ahead of print]

A systematic review of preclinical studies on therapeutic
potential of stem cells or stem cells products in peritoneal

fibrosis.

Alatab S1, Najafi 12, Atlasi R®*, Pourmand G°, Tabatabaei-Malazy O%7, Ahmadbeigi N&.

+ Author information

Abstract

INTRODUCTION: Peritoneal fibrosis remains a serious complication of long-term peritoneal dialysis. Stem cell therapy is an
innovative field of scientific investigation with potential for clinical application. Here, we systematically reviewed the studies to
determine whether stem cell based therapy could improve the peritoneal fibrosis in experimental models of peritoneal fibrosis.

EVIDENCE ACQUISITION: Our systematic search of Pubmed, Scopus, Web of Science, and Cochrane Library yield 5219 article.
After screening for eligibility; in-vivo, expenmental, interventional studies using stem cells in animal models of peritoneal fibrosis; 1
articles were included. The studies underwent comprehensive review, quality assessment, and data extraction.

EVIDENCE SYNTHESIS: Mesenchymal stem cells were the most used type (90.9%) originated either from bone marrow (70%),
adipose tissue (20%), or umbilical cord (10%). In 90.9% of studies, stem cells were injected after peritoneal insult and 63.6% of
studies used the intraperitoneal injection route. Eight studies met the 2 50% of critena indicated by ARRIVE recommendation.
Information regarding the nature of ethical review permissions, species, strain and gender, dose, route and duration of treatment,
was stated by all studies. 81.8% of the studies reported the number of animals in each group. Adverse events were reported in on
study. Improvement in histological parameters including attenuation of submesothelial thickness (100%), inflammation (62.5%),
angiogenesis (60%), and fibrosis (85.7%) was reported after stem cell therapy. Peritoneal permeability function by assessing the
ultrafiltration, glucose transport and solute permeability was improved in all studies. Stem cell treatment resulted in mesothelial
recovery in 100% of studies.

CONCLUSIONS: In preclinical studies, the use of stem cells is associated with improved peritoneal fibrosis. This may provide an
important foundation to support future translational clinical research using stem cell therapy to repair the injured peritoneum and
modulate immune responses in PD patients.
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Targeting metabolic dysregulation

Xiao Zhao'?7, Jennifer Yin Yee Kwan(®?34, Kenneth Yip
Fei-Fei Liu@"2345*

NATURE REVIEWS |DRUG DISCOVERY 2019

ARTICLE
OPEN

5 Peter P Liu® and

Myokine mediated muscle-kidney crosstalk

suppresses metabolic reprogramming and fibrosis

in damaged kidneys

Hui Peng'?, Qiangian Wang"2, Tangi Lou', Jun Qin®, Sungyun Jung®, Vivekananda Shetty?, Feng Li?,
Yanlin WangZ, Xin-hua Feng®, William E. Mitch?, Brett H. Graham® ® & Zhaoyong Hu?

NATURE COMMUNICATIONS | DO 10.1038/541467-017-01646-6

Proximal Tubular Cell-Specific Ablation of Carnitine
Acetyltransferase Causes Tubular Disease and

Secondary Glomerulosclerosis

Claudia Kruger,! Trang-Tiffany Nguyen,! Chelsea Breaux,! Alana Guillory,! Margaret Mangelli,1
Kevin T. Fridianto,? Jean-Paul Kovalik,? David H. Burk,3 Robert C. Noland,# Randall Mynatt,5 and

Krisztian Stadlerl
Diabetes Volume 68, April 2019

* 2-Deoxyglucoss

* 3-Bromopynnote ———| °l

* WZ8-117 v
(3

€D

= 3

FerD
S— 613
DA
@ —o i
'|' @ ) FAO
+
PO '
| @
— Bl
@D @ceryt Cok>
e — @D @ /.
B - D LK/
'l"\..
(Lactate)
- Mitochondria
: (—‘(m:*
| s AGNIALIA
| ~EDR305
i =EYPOOL
L aGS06T4
i = GWAOGE
i =LMB76S
| - MET409
* Obeticholic acid
3
(octore

T
Ui « ENERGI-F101
Metfoemin

.
+ 0504
*PXLI7O
B . * Resverntrol
Wafory.CoR 1

-
eet-Cold>

t

@y

tprofbrate
* Fenofibrote
= WY-14643

Elafibranor Troghtazane

J

» 15d-PCR2

» Ciglitazons

» Caffeic aid

» Caffeine/chlorngenic acid
» Gl262570

* Pioglitazooe

« Iperboreal Pharma



