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Achilles’ Heel of Peritoneal Dialysis

Poorly biocompatible 
PD solutions

Peritonitis

Technique
Failure

The death of Achilles … 



Potential factors believed to be responsible for the 
poor biocompatibility of PD solutions

 Glucose degradation products 
(GDP)

 Lactate

 Low pH

 High osmolarity

 Glucose

3-deoxyglucosone; 
3,4-dideoxyglucosone-3-ene; 
5-hydroxymethyl furaldehyde;
acetaldehyde; 
formaldehyde;



 ‘… no convincing conclusion can be drawn about the benefits
of low-GDP solution to patients …’

 ‘… The search for truly more biocompatible PD solutions
based on osmotic agents other than glucose may be the most
desirable strategy …’

Where do we stand with the commercially available biocompatible PD 
solutions (low-GDP and neutral pH)?

Blake P.G. Kidney Int 2018; 94:246-48

Misra et al. Semin Dial 2017; 30:164-73



Outcome of Intraperitoneal Glucose Load

Glucotoxicity

Changes to peritoneal membrane
structure and function

Glucotox Pathways: 
 Polyol
 Exosamine
 PKC
 AGEs

Fluid overload

Submesothelial fibrosis Vascular proliferation

Long-term PD

Increased Cardiovascular Risk

Local effects Systemic effects

Carbohydrate load:
 Hyperinsulinemia
 Selective Insulin

Resistance

Decrease Technique Survival



J Clin Endocrinol Metab (2013) 98:668-77

J Clin Endocrinol Metab (2016) 101:461-69

Exogeneous or endogenous hyperinsulinemia increases 
cardiovascular morbidity and mortality

NEJM (1996) 334:952-57



 Locally & systemically safe

 Active osmotic ingredients (cristalloids & colloidal
agents)

 Fully metabolizable to safe final/intermediate 
products

 Combining active osmotic agents

 Poor insulin secretagoue

 Moderate caloric load

 Addressing comorbidities (IR and diabetes)

Osmo-Metabolic Agents:

Attributes of an ideal “osmo-metabolic” agent …



Mitigating the ‘Load’
in PD patients

Increased
Cardiovascular

Risk

Systemic effectsLocal effects

Outcome of 
Intraperitoneal
Glucose Load

The basic concept is to identify osmotic-agents 
able (a) to preserve peritoneal membrane 

wellfare and (b) to exert favorable metabolic 
effects to counteract common comorbidities like 

IR/diabetes in a combinatorial fashion … 

D-XylitolL-carnitine

D-Glucose
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 Naturally occurring compounds

 Extremely stable (no degradation products when steam 

sterilized)

 Osmotic properties comparable to glucose

 Excellent biocompatibility profile (in vitro) than current

osmotic agents for PD

 Excellent safety profile

 Therapeutic add on values (i.e., dysmetabolic diseases)

 Modulation of gluconeogenesis (Carnitine & Xylitol)

 Increase muscle insulin sensitivity (Carnitine)

Xylitol’s & Carnitine’s highlights: Xylitol’s highlights:

 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



Previous in vitro and in vivo studies from our research team have shown that carnitine is an
osmotic agent, with a biocompatibility profile better than glucose along with a favorable

metabolic action in insulin resistant conditions



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

Enrollment period
(14 days)

t0 4 months

Randomization

Treatment

Active Group Control Group

Glucose (1.36 o 2.27%) 
Plus L-Carnitine (0.1%) 

Diurnal Dwells

Nocturnal Dwell Icodextrin

Glucose (1.36 o 2.27%) 

Primary end point: change in insulin sensitivity, evaluated by
euglycemic hyperinsulinemic clamp

Clamp Clamp
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 Study plan: from 5 to 11 months treatment with 4 daily
exchanges of 2 L, 3 of which containing xylitol 1.5% and one with 
xylitol 3% (150 gr of xylitol daily load)

 Patient population: 6 PD patients with poorly controlled type I 
diabetes

Bazzato et al. Trans Am Soc Artif Intern Organs 1982

Body weight (Kg)

MAP (mm Hg)

Peritoneal UF (ml/day)

58.3+12.4

102+4.2

1350

56.4+11.6

98+5.3

1460

before after

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

HbA1c (%)

Insulin Dosage (UI)

Uric acid  (mg/dL)

Lactic acid (mg/dL)

Phosphorus (mg/dL)

Triglycerides (mg/dL)

Cholesterol

HDL-Cholesterol

12.9+0.82

124+16

5.6+0.7

12.6+3.5

4.3+1.1

316+49

308+43

38+6.6

10.7+1.08*

59+14*

9.1+1.0*

17.5+3.1*

2.8+0-7*

213+42*

245+40*

47+7.3*

before after

Residual kidney function and ematochemical parameters
(i.e., SGOT, SGPT, CPK, LDH gGT, bilirubin) were not different

before and after xylitol treatment 



inhibition of 
glucose

production

increased
glucose
uptake

L-Carnitine Xylitol

little/no
insulin

secretion

Combining xylitol & carnitine: glucose sparing along with an insulin-
independent modulation of glucose disposal/production 
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Osmotic Strength Low Strength (LS) Medium Strength (MS) High Strength (HS)

Xylitol, mmol/L 46 
(0.7% w/v)

98.6 
(1.5% w/v)

125 
(2.0% w/v)

Glucose, mmol/L 27.7 
(0.5% w/v)

83 
(1.5% w/v)

L-Carnitine, mmol/L 1.24 (0.02%)

Sodium, mmol/L 132

Calcium, mmol/L 1.3

Magnesium mmol/L 0.5

Chloride, mmol/L 101

Lactate, mmol/L 35

pH 7.2 ± 0.5

Osmolarity mosmol/L 346.5 399.1 480.8

Composition of XyloCore Formulations:

XyloCore Lowa, Mediumb and High Strengthc correspond to Physioneal, Fixioneal or Dianeal containing 1.36%a 2.27%b and 3.86%c

(w/v) glucose and Balance, Bicavera or other Fresenius PD solutions with 1.5%a, 2.3%b and 4.25%c (w/v) glucose, respectively. 
Differences within the same category of osmotic strength of less than 3%. 



Efficacy and SaFety Assessments of a Peritoneal DIalysis Solution Containing 
Glucose, Xylitol and L-CaRnitine Compared to Standard PD SoluTions in 

Continuous Ambulatory Peritoneal Dialysis (NCT 0400136) 

FIRST

- A phase II, prospective, investigational, open, multi-center study -

To assess the safety and tolerability of the experimental solutions by: 
 recording the incidence and severity of adverse events; 
 recording a subjective questionnaire on the patient’s perception of well being; 
 monitoring the changes in routine blood biochemical and hematological parameters.

To assess the effects of experimental solutions: 
 peritoneal clearances; 
 peritoneal transport characteristics with respect to Day 0 and the follow-up period

Primary objectives

Secondary objectives

Ongoing Clinical Trial with XyloCore…



DAYS

-14 0 7 14 2821 35 5642 49

SCREENING INTERVENTION PERIOD FOLLOW-UP PERIOD

-28 0 7 14 2821 35 5642 49

Experimental solution Glucose 2.5%Glucose 2.5%

Baseline;

Investigated 

therapy start

Investigated 

therapy end

End of 

study

1/2/3 diurnal 

exchanges
1/2/3 diurnal 

exchanges

DAYS

-14 0 7 14 2821 35 5642 49

SCREENING INTERVENTION PERIOD FOLLOW-UP PERIOD

-28 0 7 14 2821 35 5642 49

Experimental solution Glucose  1,5 %Glucose 1.5 % 

Baseline;

Investigated 

Therapy 

Start

Investigated 

Therapy End

End of 

study

Study Design

Group A

Group B

Patients recruited

3 F, 4 M; age 70+5.8 years
dialytic age 8.9+1.9 months

4 M; age 56+12 years
dialytic age 9.5+0.6 months



Safety and Tolerabilty Outcomes
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 No minor or major adverse events were recorded
 No significant differences of blood biochemical and hematological 

parameters were observed throughout the clinical trial
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ELIXIR
A Study to EvaLuate the EffIcacy and Safety of XyloCore, a Glucose 

SparIng ExpeRimental Solution for Peritoneal Dialysis

إكسير

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% 
Icodextrin) for nocturnal (long-dwell) exchange. 

Primary Endpoint of this study in CAPD patients is to demonstrate the non-inferiority of XyloCore compared to the 
Physioneal with regards to safety and efficacy. The primary outcome measure is total weekly Kt/Vurea after a 24-week 
period using the assigned PD solution, assessed using a peritoneal function test. 
Secondary Endpoints are: changes in glycemic control medication use, as defined by a change in medication dose and 
use in diabetic CAPD patients (Type 1 and 2); Changes from the baseline value of total, LDL, HDL and LDL cholesterol, 
serum triglycerides, and insulin in all CAPD; Quality of Life; Hematological parameters (hemoglobin and EPO 
requirements).

Study design:

Objectives:

Planned Clinical Trial with XyloCore …



Investigators: Multi-Center (Germany, Italy, Denmark, Spain, UK,
Sweden, Israel)

Germany is the reference member state (Decentralized
Procedure)

Sample size: Planned 170 patients.

Study 
Population

Male and female, adults’ patients with End Stage Renal
Disease (ESRD) on CAPD since at least 3 months, in clinical
stable condition.

 Coordinating Investigator:

 Prof. Werner Kleophas (Germany) 

 Chairman:

 Prof. Piergiorgio Messa (Italy)

 National Coordinators:

 Prof. Simon Davies  (UK)

 Prof. Mario Bonomini (Italy)

 Prof. Olof Heimburger (Sweden)

 Prof. Johan Povlsen (Denmark)

 Prof. Alberto Ortiz (Spain)

 Prof. Tatiana Tanisiychuk (Israel)

ELIXIR
A Study to EvaLuate the EffIcacy and Safety of XyloCore, a Glucose 

SparIng ExpeRimental Solution for Peritoneal Dialysis

إكسير

Pre-clinical and clinical data, study design and endpoints were recently
discussed during a ‘Scientific Advice’ with the German Drug Agency (BfArM).
The agency agreed that all the documentation presented supported 

the study design for the planned single pivotal phase III study. 



Maybe XyloCore will be the right ingredient of

إكسير
to rescue Achilles


