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Table of Review Status of the Submitted Studies

Study Description Reviewed Reason if not
reviewed

RD-99-CA-060 Single dose PK yes
RD-97-CA-130 Safety & efficacy in CAPD yes
RD-97-CA-131 Safety & efficacy in PD yes
PRO-RENAL-
REG-035

Safety & efficacy in APD yes

ML/IB/015
(MIDAS)

Steady state icodextrin levels with
stoping treatment

no assay

ML/IB/001
(MIDAS)

CAPD trial no assay

ML/IB/004
(MIDAS2)

CAPD trial - 2 no assay

ML/IB/020
(DELIA)

APD trial no assay

ML/IB/011
(DIANA)

Biocompatibility of glucose
polymer solution in APD

no assay

MTR(F) Formulation feasibility no Formulation has not
been used in clinic

MTR(1)-MTR(7) Formulation feasibility no Formulation has not
been used in clinic

RD-94-RE-067 Assay validation in dialysate &
plasma

yes

TP06BC99376 Evaluation of two assay methods yes
10318 Assay validation yes
RD-RE-B-013 Metabolites assay in plasma yes
RD-95-RE-134 Assay validation yes
RD-98-RE-010 Assay validation yes
RD-94-RE-074 Assay validation yes
RD-96-PD-041 Drug compatibility yes

RD-96-PD-067 Compatibility with insulin in vitro yes
RD-96-PD-038 Compatibility with cefazolin &

cefrazidime
yes

ML/IB/002 Addition of insulin to CAPD in
vivo

yes

REP-NIV-RE-
366

Interference of glucose assay with
enzymatic methods

yes

91/3546/MB MIC of antibiotics in vitro yes
RD-96-PD-135 Compatibility of netilmycin yes
11360 Amylase activity yes
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RECOMMENDATION

The NDA 23,321 has been reviewed by the Office of Clinical Pharmacology and
Biopharmaceutics. Please forward the comments below and labeling recommendations to the
sponsor as appropriate.

COMMENTS

1. The assay used by the sponsor to measure the total icodextrin concentrations in all
matrixes is lacking specificity. Quality control samples are not provided in each of the
submitted studies. Therefore, it is impossible to evaluate the precision and accuracy of
the assay methods used by the sponsor.

2. Icodextrin and its metabolites concentrations are measured in plasma, urine and spent
dialysate in the studies after the single 12 hours dwell and at steady state. Icodextrin
pharmacokinetics profiles in the peritoneal cavity decline with zero-order rate constant.
The model proposed by the sponsor to describe plasma kinetics of total icodextrin is
not reliable due to the lack of assay specificity and measurements referring to the sum of
glucose polymers. Thus the calculated parameters for total icodextrin should not be
included in the Package insert.

3. The sponsor did not make an attempt to describe the pharmacokinetic characteristics of
icodextrin metabolites.

4. Net absorption of icodextrin to the systemic circulation after the single 12 hours dwell
and during the chronic automated PD procedures was similar, about 40%. Peak plasma
total icodextrtin and its degradation products concentrations were between 4 and 6 g/L
through all studies. Therefore, the sponsor properly concluded that the duration and
mode of PD procedures do not influence the systemic exposure to total icodextrin.

OCPB Briefing held on July 10, 2001. Attendees were: Mehul Mehta, John Hunt, Arzu Selen,
Chandra Sahajwala, Patrick Marroum, Nhi Nguen, Bukhard Jansen, Shiew-Mei Huang, Ike
Lee.

__________________________ Date________________
Elena Mishina, Ph. D.
Clinical Pharmacology Reviewer
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__________________________
Patrick Marroum, Ph. D.
Cardio-Renal Team Leader

cc list: NDA 58614, MehulM, MishinaE, HFD 110 BIOPHARM
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EXECUTIVE SUMMARY:

Extraneal (7.5% icodextrin) is proposed as a solution for long dwell exchange in peritoneal
dialysis (PD), for the treatment of chronic renal failure. PD is a procedure for the management
of patients with chronic renal failure who require maintenance dialysis. The principal osmotic
agent for PD is dextrose (D-glucose monohydrate). Its use is complicated by its rapid
absorption from the peritoneal cavity and a decrease of osmotic gradient during the long dwells
followed by a decrease of the ultrafiltration rate. Extraneal is designed to maintain the gradient
over long-dwell periods of peritoneal dialysis, and therefore, increase the efficiency of dialysis.
Icodextrin is a soluble, polydispersed, high molecular weight glucose polymer isolated by
fractionation of hydrolyzed corn starch and is administered with electrolytes in sterile 2.0-2.5 L
solution.

Orphan Drug Designation was granted to the IND 51,898, Extraneal in 1996. After that, two
Phase 3 safety and efficacy studies were conducted. Additionally, as requested by the Agency a
Phase 1 pharmacokinetic study of icodextrin after single dose was performed.

There were 16 clinical pharmacology studies submitted with this NDA. These were one single
dose, 8 multiple dose studies, and 7 feasibility and formulation studies. Of these studies, 4 were
used to make Clinical Pharmacology and Biopharmaceutics  recommendations. The early
studies (MIDAS, DIANA, and DELIA) were found to be unacceptable due to assay issues.
The feasibility and formulation studies (MTR) deal with the formulation development and are not
related to the to-be-marketed formulation. Additionally, several reports of assay validation, drug
compatibility and assay interference were submitted to the Agency and reviewed.

Three analytical methods were applied for the assay of different species. Total icodextrin was
assayed in plasma, spent dialysate and urine by an enzymatic hydrolysis (EHM).  Icodextrin
metabolites were detected in blood, spent dialysate, and urine by high performance anion
exchange chromatography with pulsed amperometric detection (HPAE-PAD) and in plasma
and urine by gel-permeation chromatography (GPC). All methods were properly validated for
accuracy and precision. However, the last one was validated only for 3 metabolites of
icodextrin, and the limit of detection was not reported. It was used in DIANA and DELIA
studies. In the MIDAS studies, the method of assay of icodextrin and its metabolites used by
the sponsor has not been specified. Therefore, the drug concentration results of these studies
cannot be evaluated.

Since the sponsor used a nonspecific assay that quantitates not only icodextrin but the total sum
of icodextrin and its metabolites no reliable estimates of the pharmacokinetic   parameters of
icodextrin and its metabolites could be calculated. Therefore, these parameters should not be
reported in the Package Insert since they refer to the total exposure to icodextrin and its
metabolites.
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Icodextrin is metabolized by amylase, and therefore, it interferes with the quantitation of amylase
activity. Because of the competitive interaction of icodextrin and the chromogenic substrate used
in the amylase assay kit, the results of the amylase assay should be conservatively interpreted in
patients using icodextrin.

The efficacy of peritoneal dialysis is assessed by its ability to remove solutes and fluid (clearance
and ultrafiltration). Additionally, PD solutions manage the electrolyte and acid-base balance.
Net ultrafiltration and creatinine and urea clearance obtained with icodextrin were superior to
the same for dextrose solutions (1.5, 2.5, and 4.25%), studies RD-97-CA-130 and MIDAS.
In 175 controlled automatic PD patients (CAPD) randomized to Extraneal or 2.5% dextrose
solution for 8-15 hours overnight dwell for one month, mean net ultrafiltration was significantly
greater (p < 0.001) for the Extraneal group when evaluated at weeks 2 and 4. The long-term
use of icodextrin for long (12 hours dwell) was safe and effective (Studies RD-97-CA-131 and
PRO-RENAL-REG-035).

PD solutions are administered parenterally into the peritoneal cavity, therefore, they are
considered fully bioavailable immediately after instillation.

Absorption of icodextrin from the abdominal cavity follows zero-order kinetics with convective
transport via peritoneal lymphatic pathways. After the single 12 hours dwell, a median of 40%
of the instilled icodextrin was absorbed into plasma at a rate of 5 g/hr. The sponsor described
the pharmacokinetics of total icodextrin in plasma with a one-compartmental model with zero
order absorption. Half-life was estimated as 14.7 hours, and clearance was 1.08 L/hr. The data
for total icodextrin show a more complex profile than a one-compartmental model. After
multiple dwells, total icodextrin plasma concentrations achieve steady state at week 2,
suggesting that the calculated icodextrin half-life was under estimated. The proposed assay for
the total icodextrin is lacking specificity. Moreover, the parameters estimated from bulk
measurement of the sum of glucose polymers could not be interpreted physiologically.
Therefore, the values reported by the sponsor are not reliable. These parameters should not be
cited in the Package insert.

Icodextrin is metabolized to glucose polymers of smaller degree of polymerization (eventually to
maltose) by amylase. Polymers with degree of polymerization from 2 (DP2) to 7 (DP7) were
detected in plasma and spent dialysate. As the various polymers undergo metabolism, the
concentration of smaller polymers rise and those of the larger polymers decline. There is a
progressive rise in the dialysate concentration of smaller polymers (DP2 to DP4) and a
progressive decline of the larger polymers (DP5 to DP7). Some metabolism of icodextrin can
occur in the peritoneal cavity as well as their diffusion from plasma. Icodextrin metabolism is not
complete by 12 hours dwell, but after a single dwell, their concentrations in plasma reach
pretreatment level within a few days. At steady-state mean plasma level of total icodextrin
(icodextrin and its degradation products) was about 5 g/L, and 0.85, 0.81, 0.32, 0.036, 0.018
and 0.023 g/L for DP2, DP3, DP4, DP5, DP6, and DP7 metabolites, respectively.
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Icodextrin is eliminated renally in direct proportion to the residual renal function. In nine patients
with mean creatinine clearance of 5.0 " 1.5 mL/min the average daily excretion of total
icodextrin (icodextrin and its degradation products) was 473 " 77 mg per mL of creatinine
clearance.

Although clinical studies where icodextrin and its metabolite concentrations were measured
were balanced for age, gender and race, the influence of these covariates on the icodextrin
pharmacokinetics were not evaluated statistically. In study RD-97-CA-130, the influence of
diabetic status-by-visit on the net ultrafiltration was marginally significant (p=0.094), however,
the sample size was small to draw a general conclusion. Therefore, the conclusions about the
differences in pharmacokinetics and pharmacodynamics of icodextrin in special populations
cannot be made.

On some occasions, it is necessary to coadminister intraperitoneally with PD solution a variety
of antibiotics, heparin, and insulin. Possible interaction of icodextrin with these drugs either alone
or in combination with each other was studied. In vitro incubation of icodextrin up to 36 or 48
hours, does not change the minimum inhibitory concentration (MIC) of gentamicin vancomycin,
cefazolin, ceftazidine. Insulin lost more than 10% of its potency. Heparin was fully compatible.
Six diabetic patients were randomized in an open crossover study to receive dialysis with
Extraneal or 1.5% dextrose for a single 6 hours dwell. Insulin was administered with a PD
solution. Insulin levels in plasma and dialysate were similar in both arms, therefore, insulin could
be added to Extraneal for diabetic patients with CAPD.
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QUESTION BASED REVIEW

BACKGROUND:

Questions addressed in this section:
What are the mechanisms of peritoneal dialysis?
What are the disadvantages of use of glucose solutions for PD?
How the effect of peritoneal dialysis measured?

Peritoneal dialysis (PD) is a procedure for the management of patients with chronic renal failure
who require maintenance dialysis. A sterile dialysis solution is administered intraperitoneally via
an indwelling catheter. During the dwell, solutes, such as urea and creatinine, diffuse from
capillaries in the peritoneal membrane and adjacent tissues into the dialysis solution.
Simultaneously, water and solutes are driven across the peritoneal membrane due to an osmotic
pressure gradient of the solution. At the end of dwell, the dialysis solution is drained from the
peritoneal cavity thus removing toxins and excess of fluid, and fresh dialysis solution is
administered. Except for the osmotic agent, solutions for dialysis includes electrolytes (sodium,
chloride, calcium and magnesium) and a source of buffers (usually lactate) to help maintain acid-
base status in patient with end stage of renal disease (ESRD).
For each patient, the number of exchanges, dwell time, volume of fluid, and concentrations of
the osmotic agent may be adjusted individually. The exchange may be manual (CAPD) or
performed automatically (APD). The principal osmotic agent used in most PD contains 1.5, 2.5,
or 4.25% dextrose (equivalent to 1.36, 2.27, and 3.86% of anhydrous glucose, respectively). It
acts as a crystalloid osmotic agent to effect fluid removal or ultrafiltration (UF).

The use of dextrose is complicated by its rapid absorption from the peritoneal cavity. Upon
initial instillation, the osmotic gradient is maximal then it decreases due to glucose absorption.
For short-term (2-6 hours) dwell, this effect is not important but for long-time (overnight) dwells
it often leads to net fluid reabsorption (negative ultrafiltration) rather then fluid removal at the end
of the dwell. Additionally, the use of dextrose leads to an increase in the systemic glucose load,
which may cause weight gain and metabolic abnormalities including hyperlipidemia and
hyperinsulinemia.
These problems can be overcome with the use of dextrose polymers in PD solution. Glucose
polymers act by a colloid osmosis: fluid flows across the membrane permeable to small solutes
in the direction of the relative excess of impermeable large solutes, rather than along the
osmolality gradient.

The efficacy of PD is determined by its ability to remove solutes (clearance) and fluids
(ultrafiltration). Solute removal depends on the solute’s diffusive capacity, the concentration
gradient across the membrane and the patient specific characteristics of the peritoneal
membrane. Solute clearance is determined by the molecular weight of the solute, the membrane
permeability characteristics, the volume of the instilled fluid and the length of the dwell.  The
solute continues to diffuse into the dialysis solution until the concentration of the solute in the
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dialysate approaches that of the blood. Ultrafiltration is governed by the osmotic pressure
gradient and dependent on the concentration of the osmotic agent in the dialysis solution.
Additionally, it depends on the permeability characteristics of the osmotic agent and peritoneal
membrane. Low molecular weight osmotic agent can be easily absorbed, which leads to a
decline in the rate of ultrafiltration. The absorption of PD solution depends on its diffusive
capacity (for low molecular weight components) and the rate of convective transport primarily
by the lymphatics (for higher molecular weight components or colloid). The rate of fluid uptake
into the lymphatic system is relatively constant and independent of the solution composition.

What are the chemical and composition characteristics of Extraneal?

Extraneal is a PD solution containing 7.5% (w/v) icodextrin as an osmotic agent.
Icodextrin is a glucose polymer, which act as a colloid osmotic agent and can replace glucose in
peritoneal dialysis. The advantages to use solutions with glucose polymers are in their ability to
introduce transcapillary ultrafiltration even though they are not hypertonic and in the low
absorption of glucose into the systemic circulation.
Extraneal differs from the commonly used Dianeal for PD only by the osmotic agent. Icodextrin
is a soluble, polydispersed, high molecular weight polymer of glucose isolated by the
fractionation of hydrolyzed cornstarch. A representation of the structure of icodextrin is shown
in Figure 1.

In the mixture, the polymers have various chain lengths. The average molecular weight of a
polymer, Mn is described as follows:

n

Mn
M i

ii

n

∑
=

where M is a molecular weight of each polymer and n is the number of polymers.
The weight average, Mw is
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where n is a number of molecules with each molecular weight Mi.
For Icodextrin, Mn ranges from 5000 to 6500 Daltons, and Mw ranges from 12000 to 20000
Daltons.
Because of its high molecular weight, icodextrin is absorbed through the peritoneal membrane
more slowly compared to glucose. As a result, the osmotic pressure in case of icodextrin is
relatively constant during the dwell, and peritoneal volume slowly increases with greater fluid
removal.
Absorbed icodextrin is hydrolyzed by "-amylase by the cleavage of glycosidic bonds to glucose
polymers with the degree of polymerization (DP) less than the parent substance. In human
serum or plasma, and in the spent dialysate small oligosacharides, including maltose (DP2),
maltotriose (DP3), maltotetrase (DP4), maltopentaose (DP5), maltohexaose (DP6), and
maltoheptaose (DP7) have been quantified. Eventually, maltose is further metabolized to glucose
by malase. After the single 12-hours icodextrin dwell, all metabolites and total icodextrin were
characterized up to 28 days post dose.

FORMULATION

Clinical studies with Extraneal 7.5% icodextrin peritoneal dialysis solution used icodextrin
manufactured by ML Laboratories. Table 1 describes its molecular weight and branching
characteristics.
Table 1. Icodextrin molecular weight and branching characteristics.

The peritoneal dialysis solution formulated by the sponsor contained the same composition of
electrolytes and lactate as Dianeal PD-2 (NDA 17,512). Table 2 lists  the other characteristics
of Extraneal used in clinical studies.
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Table 2. Extraneal formulation used in clinical trials

The applicant performed additional formulation feasibility studies, which demonstrated that
icodextrin in a broad molecular weight range is suitable as an osmotic agent in peritoneal
dialysis. Table 3 lists the formulation’s compositions and Table 4 lists the polymer formulations
used in these preliminary studies.

Table 3. Drug formulation development.
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Table 4.Glucose polymer formulations for formulation feasibility studies
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These early studies demonstrated that glucose polymer with Mn of 5304 or above and Mw of
16283 and above has the most favorable ultrafiltration (measurement of PD efficacy) to
carbohydrate absorption ratio when formulated in a PD solution at a 5-10% concentration.

ANALYTICAL

Are the analytical method used in this NDA sensitive and accurate?

Were the metabolites measured properly?

Three different analytical methods were applied for the assay of different species. Total
icodextrin was assayed in plasma, spent dialysate and urine by an enzymatic hydrolysis (EHM).
This method determines the total mass of all icodextrin polymers with a degree of polymerization
of two or larger. This method uses amyloglucosidase to completely hydrolyze the polymers to
glucose. Glucose is analyzed before and after hydrolysis and by substraction, the icodextrin
concentration is calculated.
Icodextrin metabolites (DP2-DP7) were detected in blood, spent dialysate, and urine by high
performance anion exchange chromatography with pulsed amperometric detection (HPAE-
PAD) and in plasma and urine by gel-permeation chromatography (GPC).
The sponsor provided the summary of the methods in Table 5.

The sponsor claimed that EHM assay was specific for total icodextrin. However, the assay
measurements refer to the bulk sum of glucose polymers and not to the single substance.
Therefore, the EHM method is lacking specificity.



Clinical Pharmacology Review NDA 21-321, Extraneal 7/17/01

15

Table 5. Analytical methodology summary

In the Table 5 the sponsor indicates the limit of quantitation (LOQ) for EHM and HPAD-PAD
as 10 mg/L. In the analytical method validation report the LOQ is reported as 0.1 mg/L for
each of the analyte. All methods were properly validated for accuracy and precision. The GPC
was validated only for 3 metabolites of icodextrin, and the limit of detection was not reported. It
was used in the MIDAS, DIANA, and DELIA studies. Therefore, the incomplete
characterization of all molecular entities led to the difficulties in the interpretation of the results of
these studies.

Is there interference from laboratory measurements?
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Measured serum amylase activity levels in patients with end stage renal disease who use
peritoneal diasysis decrease approximately 80 to 90% when using a dialysis solution containing
icodextrin. Clinical assay kits for amylase rely on the colorimetric reactions with substrate. The
sponsor studied the parameters of the enzyme kinetic for the interpretation of the results for the
clinical assay kits. Figure 2 shows the amylase enzyme reaction using 0.71 nM synthetic
substrate with zero (diamonds), 0.21, (squares), 0.71 (triangles) and 3.6 (circles) mg/mL
icodextrin.

Figure 2. Amylase activity in the presence and absence of icodextrin

Serum amylase activity is competitively inhibited by icodextrin, which acts as an alternative
substrate for the enzyme. The level of substrate in the clinical assays varies, therefore, the level
of icodextrin required to cause the inhibition will vary. The following factors: assay kit source,
test technique, equipment, and sample preparation determine the  effect of icodextrin on the
measurement of serum amylase. Therefore, the results of this assay should be interpreted
carefully.

When icodextrin is used as a PD solution, the laboratory measurements of glucose may
overestimate real glucose concentration. The sponsor evaluated twelve enzymatic methods in
order to determine potential interference due to icodextrin and its metabolites in blood glucose
measurements. Among these assays only Accutrend gives an overestimmation of the glucose
value due to the presence of icodextrin. All other methods do not show any interference.

Is icodextrin compatible with other intraperitoneally administered drugs?

In case it is necesssary to treat peritonitis, simultaneously with the administration of the PD
solution a variety of antibiotics are coadministered intraperitoneally. Other additives used with
the PD solution are insulin for diabetics and heparin to prevent clotting at the catheter. Possible
interaction of icodextrin with these drugs either alone or in combination with each other was
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studied in vitro and in vivo. In vitro incubation of icodextrin up to 36 or 48 hours, does not
change the minimum inhibitory concentration (MIC) of gentamicin vancomycin, cefazolin,
ceftazidine (Studies, RD-96-PD-041, RD-98-PD-038, RD-96-PD-067, RD-96-PD-135,
Table 6  and 7).

Table 6. Activity of the antibiotics after 6 hours incubation with icodextrin
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Table 7. Drug compatibility with the other drugs.
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Insulin in lost more than 10% of its potency (in vitro study, Table 7).

Table 7. Insulin feasibility study

Heparin was fully compatible.

Additionally to the in vitro studies, the sponsor performed a pilot study in 6 patients in order to
determine if insulin can be administered in combination with icodextrin to CAPD patients with
diabetis mellitus. This study ML/IB/002 was designed as an open crossover study to compare
the rate of absorption of insulin from peritoneal CAPD fluid containing 7.5% icodextrin or
1.36% glucose as the osmotic agents. The blood samples were taken during the 6 hours of the
dwell, bag weights were measured to estimate the ultrafiltration. The differences in insulin levels
in both plasma and dialysate fluid were not statistically significant (p= 0.67 and p= 0.22,
respectively). Figure  shows the plasma and CAPD liquid mean levels of insulin during the dwell.
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Figure 3. Mean plasma and CAPD fluid concentrations of insulin.

Although the sample size was small, the sponsor concluded that insulin may be safely
administered together with icodextrin, the same way that it is added to glucose CAPD fluid.
Therefore, insulin was used as an addition to the dialysate in the study ML/IB/001 (MIDAS).
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HUMAN PHARMACOKINETICS

Were there bioavailability and/or bioequivalence issues?

Solutions for peritoneal dialysis are administered parenterally into the peritoneal cavity, directly
to the side of action. Therefore, PD solutions are considered fully bioavailable immediately upon
instillation and the study of bioavailability is not needed. The solute and water removal starts
when the diffusive and osmotic pressure gradients are established, right after the administration.
The volume of instilled solutions determines the bioavailability of PD solution.

There are no bioequivalence issues since only one formulation has been investigated in clinical
studies and is the to-be-marketed formulation of Extraneal.

What are the exposure-related pharmacokinetics properties of the drug?

The applicant evaluated the pharmacokinetics of a single dose 12-hours exchange of 7.5%
icodextrin peritoneal dialysis solution in patients treated with peritoneal dialysis (Study RD-99-
CA-60). The concentration of total icodextrin, and its metabolites (DP2 to DP7) were
quantitated in dialysate, plasma, and urine. Out of 13 enrolled patients 11 have completed the
study through day 28. There were 5 males and 8 females; 6 Caucasians, 6 blacks, and one
Hispanic patient. The mean age was 53.8 years with the range of 29 to 77 years. Peak total
icodextrin (icodextrin and its degradation products) plasma concentrations, median of 2.23 g/L,
was achieved at median Tmax of 12.7 hours. Total icodextrin plasma concentrations at steady
state was about 5 g/L.

What are the kinetics of icodextrin absorption from the peritoneal cavity?

Peritoneal absorption of icodextrin was evaluated by monitoring the total icodextrin
concentrations in the peritoneal cavity. The absorption was described with zero-order kinetics.
This is consistent with convective transport by peritoneal lymphatic pathways. The change of
total icodextrin concentrations in peritoneal cavity is shown in Figure 4.



Clinical Pharmacology Review NDA 21-321, Extraneal 7/17/01

22

Figure 4. Mean concentration of total icodextrin in peritoneal cavity

The sponsor performed the modeling of the individual patient’s data with the SAS program;
however, the input and output files were not available for review. The median amount of
icodextrin absorbed from the peritoneal cavity into plasma was 60.2 g (40.1%) with range of
36.3-102.4 g, median rate of disappearance was calculated as 5.02 g/hr (range 3.02-8.53
g/hr). The individual patients absorption rates are shown in Table 8.

Table  8. Dose of icodextrin absorbed during 12 hours and zero-order disappearance
rate constant.
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How does the concentrations of the icodextrin metabolites change in the dialysate?

The concentrations of all metabolites were measured in the dialysate during the 12-hour dwell.
Again, the highest concentrations of small polymers occur at the beginning of the dwell, and the
concentration of the larger polymers increase at the end of the dwell (Figure 5).

Figure 5. Mean DP2-DP7 dialysate levels vs time. Symbols are the observed data, and curves
are the smoothing lines.

This graph indicates a possible formation of the smaller polymers during the dwell either by
hydrolysis, or by reabsorption from blood.
After the single 12-hours dwell with icodextrin, the same patients received three exchanges with
glucose. Icodextrin and its metabolites were recovered in all three spent dialysates. The total
icodextrin and its metabolites concentrations in dialysate are shown in Table 9.

Table 9. Concentration of Icodextrin and Metabolites DP2-DP4 in Dialysate from 3 Exchanges
after the Single 12-hour Exchange
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What are the characteristics of icodextrin plasma kinetics?

Total icodextrin was measured in plasma for 28 days after the single 12 hours dwell. After day
7, mean plasma icodextrin concentrations return to the baseline values. It is not clear why there
is measurable icodextrin plasma concentrations at baseline (Day 0, time 0, as reported by the
sponsor). These values are most likely overestimated the mean value of 63.9 mg/L obtained at
time 0 and should be interpreted with caution.  Most likely it is a sign of a false positive signal
due to the lack of assay specificity.

Figure 6.  Total Icodextrin plasma concentration vs time

The sponsor’s Figure 6 presents the total icodextrin data only up to day 7 post dose. Visual
inspection of this plot may suggest the possibility of the use of a one-compartmetal model
(1CM). However, visual analysis of the data up to day 28 in Figure 7 indicates that the decline
of total icodextrin plasma concentrations may have a more complex character than a 1CM.
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Figure 7. Total Icodextrin plasma concentrations after the single dwell.

Moreover, Figure 7 shows the summation of all glucose polymers in plasma. The sponsor
modeled the data for total icodextrin assuming that it is a one molecular entity and described its
kinetics with one compartmental model with zero order absorption. The pharmacokinetic
parameters estimated by the sponsor are shown in Table 10.

Table 10.  Estimates of pharmacokinetic parameters of icodextrin
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Although the absorption rate of total icodextrin in plasma has been mentioned in the model used,
neither mean nor individual estimated values were reported by the sponsor.
The pharmacokinetic parameters for total icodextrin presented by the sponsor are difficult to
interpret because they are related to the bulk measurement of all glucose polymers and cannot
be considered reliable. For example, the sponsor calculated the half-life of total icodextrin as 14
hours. This value seems to be dramatically underestimated considering that the drug is still
circulated in plasma at day 7 and that after the multiple dwells icodextrin plasma concentrations
reach steady state at week 2. The sponsor reported the mean volume of distribution as 20 L
suggesting the distribution in the intercellular space. The distribution of the glucose polymers of
different molecular weight will strongly depend on their molecular weight, and thus the calculated
value of the mean volume of distribution is far from reality. The sponsor’s calculated parameters
should not be included in the Package insert.
Prediction of the steady state plasma levels of icodextrin using the sponsor’s proposed model is
meaningless.

Were the metabolites of icodextrin properly characterized?

The sponsor performed a comprehensive characterization of all icodextrin metabolites in plasma
and dialysate with the degree of glucose polymerization from 2 (DP2) to 7 (DP7).
Figure 8 shows all metabolites characterized in plasma.

Figure 8. Profiles of the mean plasma concentrations of glucose polymers.

The concentrations of small oligosaccharide metabolites DP2, DP3, and DP4 in plasma were
similar to the parent drug. The highest plasma concentrations were measured for maltose, DP2.
The level of glucose in plasma did not increase significantly. For all polymers (DP2 to DP7),



Clinical Pharmacology Review NDA 21-321, Extraneal 7/17/01

27

their plasma concentrations were measurable at the baseline. After that, the level of larger
polymers seems to be very low (Figure 8)
However, careful analysis of the submitted data indicates that there were almost no differences
in plasma concentrations of the metabolite DP5 at Day 0 and day 28. Figure 9  shows the
profiles of icodextrin metabolites in plasma after the single dwell. Plasma DP6 concentrations
increased from 0.90 mg/L to 3 mg/L at 12 hours (end of the dwell), and were measurable up to
28 days. Plasma DP7 concentrations changed from 0.77 (time 0) to 7.38 mg/L (12 hours), and

were measurable up to day 7.

Figure 9.  Icodextrin’s metabolites plasma concentrations vs time

The mean values of icodextrin metabolites in plasma calculated at the end of the 12 hours dwell
are shown in Figure 10.
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Figure 10. Mean and SD of icodextrin metabolites in plasma. 1 denotes the measurements at
baseline, 2, at the end of the 12 hours dwell.

Figure clearly shows that the plasma concentrations of larger polymers  (DP5-DP7) are very
similar at the baseline and at the end of dwell.
The applicant did not perform any pharmacokinetic modeling for any of the metabolites of
icodextrin.

How is icodextrin excreted?

Urinary excretion of Icodextrin was examined during the first 24 hours of the study. Four
patients were anuric. The mean creatinine clearance for the other 9 patients was 5.0 " 1.5
mL/min, while urea clearance was 1.8 " 0.73 mL/min. In the 24-hour urine collection, a mean
of 2.2 " 0.6 g of icodextrin was recovered. The icodextrin urinary excretion directly correlates
with creatinine clearance. The R value obtained by the Agency was slightly lower (0.79) than
the one reported by the sponsor (0.82), see Table 11 and Figure 11.

Table 11. Regression statistics for the urinary excretion and creatinine clearance values of
icodextrin

Regression Statistics
Multiple R 0.797454482
R Square 0.63593365 0.797454482
Adjusted R Square 0.51093365
Standard Error 1124.644213
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Observations 9

Figure 11. Correlation of icodextrin excretion and creatinine clearance

The average daily excretion was 473 " 77 mg/mL of creatinine clearance.

How was the clinical effect of peritoneal dialysis measured?
Was it correlated to the dose and/or concentration of the drug

(Pharmacodynamics)?

A classical PK/PD study for Extraneal was not performed. The effect of the PD solution is
measured by its ultrafiltration. Icodextrin is administered as 7.5% solution. The relationship
between icodextrin and/or its metabolites concentrations in plasma, urine or spent dialysate
were not established.  However, clinical studies of chronic administration of Icodextrin showed
a superior ultrafiltration compared to the exchange with 2.5% dextrose.
An adequate exposure-response or dose-response relationship could not be established due to
the fact that the sponsor did not conduct dose ranging studies of icodextrin and that in all the
studies the same concentration of icodextrin solution was used.

What was the exposure of icodextrin and its metabolites at the steady state?

Icodextrin and its metabolite concentrations were measured in plasma at steady state in several
multiple doses studies; however, due to the problems with the assay, only results of three of
them: RD-97-CA-130, RD-97-CA-131, and PRO-RENAL-REG-035 are interpretable.
Steady state total icodextrin (icodextrin and its degradation products) plasma concentrations
ranged from 4 to 6.5 g/L and were consistent between studies (Figure 12). Steady state levels
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were achieved in about one week and remained consistent throughout the duration of exposure
to icodextrin.

Figure 12. Icodextrin plasma levels in multiple dose studies.

Metabolites DP2-DP4 plasma concentrations are shown in Figure 13. Steady state levels of
DP5-DP7 were similar to the baseline values (as was shown in a single dose study) and were
not shown in Figure 13. Steady state maltose levels ranged from 0.81 to 1.35 g/L. Levels of
DP3 were similar, and the levels of DP4 were significantly lower.
No accumulation of icodextrin and its metabolites was observed in the chronic dose studies up
to 52 weeks.
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Figure 13. Low molecular weight glucose polymers in plasma at steady state dosing up to  12
weeks (Study PRO-RENAL-REG-035) and up to 52 weeks RD-97-CA-131.
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How efficient was the elimination of icodextrin after the multiple doses?

Since icodextrin was found in patient’s plasma up to 28 days after the single 12-hour dwell, its
elimination after the multiple doses was studied. In the study PRO-RENAL-REG-035, patients
were randomized to receive dextrose or Extraneal for 12 weeks. After that, they were to
receive dextrose. Plasma icodextrin concentrations were measured prior to use of icodextrin, at
week 1, 6, and 12 of icodextrin use and at weeks 13 and 14. At the week 14 the levels of
icodextrin came back to the baseline measurements (Figure 14).

Figure 14. Total icodextrin plasma concentrations vs time

In conclusion, multiple Phase 3 studies showed that about 30-40% of icodextrin was absorbed
from the peritoneal cavity. Plasma levels of icodextrin and its metabolites reach steady state
within a week. Icodextrin concentrations at steady state are about 4.5 to 6.0 g/L. After one
year of chronic dosing of Extraneal no accumulation was observed for either the parent drug or
for metabolites. After the termination of icodextrin, levels of the drug and its metabolites return
to baseline within approximately 2 weeks regardless of the duration of exposure. The summary
pharmacokinetic results are shown in Table 12.
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Table 12. Summary of the pharmacokinetic results.
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Table 12, cont.
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Table 12, cont.
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Table 12, cont.
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Was the pharmacokinetics of icodextrin studied in special populations?

In the Phase 2 studies, the demographic distribution of female and male patients, as well as the
patients of white, black and other races was balanced. Statistical analysis of the data from the
study RD-97-CA-130 examined the effects of gender, study site, race, and diabetes on the
treatment. Effects of race, diabetes, and site on the net ultrafiltration were marginal. Age
category and gender effects were not significant. The influence of diabetes on urea nitrogen
clearance and age on creatinine clearance were marginally significant (p#0.10). Statistical model
input and output files were not available for review.
The applicant did not attempt to evaluate statistically the influence of demographics as well as
disease state, and diabetic status on the pharmacokinetics of icodextrin and/or its metabolites.

LABELING RECOMMENDATIONS

1. In the section CLINICAL PHARMACOLOGY instead of the paragraph
“Plasma levels of icodextrin rose during the dwell and declined after the dwell was drained, consistent with
a one-compartment model with zero order absorption and first order elimination.  Peak plasma
concentrations (median Cpeak = 2.23 g/L) were observed at the end of the long dwell exchange (median Tmax

= 12.7 hours) with plasma levels returning to baseline values within 3 to 7 days following cessation of
icodextrin administration.  Icodextrin had a plasma half-life of 14.7 hours and a median clearance rate of
1.08 L/hr”.

Should be:

“Plasma levels of icodextrin rose during the dwell and declined after the dwell was drained.
Peak total icodextrin (icodextrin and its degradation products) plasma concentrations (median
Cpeak = 2.23 g/L) were observed at the end of the long dwell exchange (median Tmax = 12.7
hours) with plasma levels returning to baseline values within 7 days following cessation of
icodextrin administration.”

2. In the section CLINICAL PHARMACOLOGY instead of the paragraph
“The mean steady-state plasma levels of icodextrin predicted from the above parameters (5.26 g/L)
corresponded very closely to the stable plasma icodextrin values observed during long-term
administration”.

Should be:

“At steady-state mean plasma levels of total icodextrin (icodextrin and its degradation products)
were about 5 g/L, and 0.85, 0.81, 0.32, 0.036, 0.018 and 0.023 g/L for DP2, DP3, DP4,
DP5, DP6, and DP7 metabolites, respectively”.

3. In the section on SPECIAL POPULATION instead of the paragraph
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Geriatrics
• In clinical studies of Extraneal in which plasma levels of icodextrin and its metabolites were

measured, 95 patients were aged 65 and older.  No apparent differences in plasma levels were
observed in patients aged 65 and older as compared to patients under age 65.

Should be:
The influence of age on the pharmacokinetics of icodextrin and its metabolites was not assessed.

4. In the section on SPECIAL POPULATION instead of the paragraph
Gender and Race
Although no specific studies were conducted to evaluate the differences between gender and race within
the clinical trial data for icodextrin, no known differences have been detected.

Should be:
The influence of gender and race on the pharmacokinetics of icodextrin and its metabolites was
not assessed.
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APPENDIX I
PROPOSED PACKAGE INSERT
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EXTRANEALTM

(7.5% Icodextrin) Peritoneal Dialysis Solution

DESCRIPTION
EXTRANEAL (7.5% Icodextrin) Peritoneal Dialysis Solution is a peritoneal dialysis solution
containing the colloid osmotic agent icodextrin.  Icodextrin is a starch derived, water soluble
glucose polymer linked by alpha (1-4) and alpha (1-6) glucosidic bonds with a weight average
molecular weight between 12,000 and 20,000 Daltons and a number average molecular weight
between 5,000 and 6,500 Daltons.  The representative structural formula of icodextrin is:
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Each 1 liter of Extraneal contains:
Electrolyte content per 1 liter:

Icodextrin             75.0 g
Sodium Chloride   5.4 g
Sodium Lactate  4.5 g
Calcium Chloride              257 mg
Magnesium Chloride          51 mg

Sodium 132 mEq/l
Calcium 3.5 mEq/l
Magnesium 0.5 mEq/l
Chloride  96 mEq/l
Lactate  40 mEq/l

Water for Injection, USP qs
HCl/NaOH may have been used to adjust pH
Extraneal contains no bacteriostatic or antimicrobial agents.
Theoretical osmolarity:  285-288 mOsm/L;  pH=5.2

1.2

1.2

1.2
1.3

1.2

013

013

018
143

032

Extraneal is available for intraperitoneal administration only as a sterile, nonpyrogenic, clear
solution in 1.5 L, 2.0 L and 2.5 L Ambu-Flex III and Ultrabag containers.  The container systems
are composed of polyvinyl chloride.

1.2 017
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CLINICAL PHARMACOLOGY

Mechanism of Action
Extraneal is an isosmotic peritoneal dialysis solution containing glucose polymers (icodextrin) as
the primary osmotic agent.  Icodextrin functions as a colloid osmotic agent to achieve sustained
ultrafiltration during long peritoneal dialysis dwells.  Icodextrin acts in the peritoneal cavity by
exerting osmotic pressure across small intercellular pores resulting in a steady rate of transcapillary
ultrafiltration throughout the dwell.  Extraneal also contains electrolytes to help normalize
electrolyte balance and lactate to help normalize acid-base status.

1.13 012-013

Pharmacokinetics of Icodextrin
Absorption
Absorption of icodextrin from the peritoneal cavity follows zero-order kinetics consistent with
convective transport via peritoneal lymphatic pathways.  In a single-dose pharmacokinetic study
using Extraneal, a median of 40.1% (60.2 g) of the instilled icodextrin was absorbed from the
peritoneal solution during a 12-hour dwell.

1.25 036-037

Plasma levels of icodextrin rose during the dwell and declined after the dwell was drained,
consistent with a one-compartment model with zero order absorption and first order elimination.
Peak plasma concentrations (median Cpeak = 2.23 g/L) were observed at the end of the long dwell
exchange (median Tmax = 12.7 hours) with plasma levels returning to baseline values within 3 to 7

days following cessation of icodextrin administration.  Icodextrin had a plasma half-life of 14.7
hours and a median clearance rate of 1.08 L/hr.

1.25 039

The mean steady-state plasma levels of icodextrin predicted from the above parameters (5.26 g/L)
corresponded very closely to the stable plasma icodextrin values observed during long-term

administration.

1.25

1.38

039

084
In multidose studies, steady-state levels of icodextrin were achieved within one week and returned
to baseline within one week after discontinuation of Extraneal use. 1.54 067
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Metabolism
Icodextrin is metabolized by alpha-amylase into oligosaccharides with a lower degree of
polymerization (DP), including maltose (DP2), maltotriose (DP3), maltotetraose (DP4), and higher
molecular weight species. In a single dose study, DP2, DP3 and DP4 showed a progressive rise in
plasma concentrations with a profile similar to that for total icodextrin, with peak values reached by
the end of the dwell and declining thereafter. Only very small increases in blood levels of larger
polymers were observed.

1.25 039

Steady-state plasma levels of icodextrin metabolites were achieved within one week and stable
plasma levels were observed during long-term administration.

1.38 084

Some degree of metabolism of icodextrin occurs intraperitoneally with a progressive rise in the
concentration of the smaller polymers in the dialysate during the 12-hour dwell.

1.25 042-046

Elimination
Icodextrin undergoes renal elimination in direct proportion to the level of residual renal function
(r=0.824 vs creatinine clearance, p<0.01).  In nine patients with residual renal function (mean
creatinine clearance: 5.0 ± 1.5 ml/min), the average daily urinary excretion of icodextrin was 473 ± 77
mg per ml of creatinine clearance.  Diffusion of the smaller icodextrin metabolites from plasma into
the peritoneal cavity is also possible after systemic absorption and metabolism of icodextrin.

1.25 040-041

Special Populations
Geriatrics
In clinical studies of Extraneal in which plasma levels of icodextrin and its metabolites were
measured, 95 patients were aged 65 and older.  No apparent differences in plasma levels were
observed in patients aged 65 and older as compared to patients under age 65.

1.71

1.93

032-033

343-384
Gender and Race
Although no specific studies were conducted to evaluate the differences between gender and race
within the clinical trial data for icodextrin, no known differences have been detected.

1.31

1.54

050

051
Pharmacodynamics and Clinical Effects

Extraneal has demonstrated efficacy as a peritoneal dialysis solution in clinical trials of
approximately 400 patients studied with end-stage renal disease (ESRD).

1.69 029

Ultrafiltration, Urea and Creatinine Clearance, Negative Net Ultrafiltration
In active controlled trials from one to six months in duration, Extraneal used once daily for the
long dwell in either continuous ambulatory peritoneal dialysis (CAPD) or ambulatory
peritoneal
dialysis (APD) therapy resulted in higher net ultrafiltration and clearances when compared with
2.5% dextrose solutions.

1.31

1.54

1.57

053

042

045
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In 175 CAPD patients randomized to Extraneal (N=90) or 2.5% dextrose solution (N=85) for
the 8-15 hour overnight dwell for one month, mean net ultrafiltration for the overnight dwell was
significantly greater for the Extraneal group compared to the 2.5% dextrose group when
evaluated at weeks 2 and 4 (Figure 1).

Figure 1 - Mean Net Ultrafiltration for the Overnight Dwell (RD-97-CA-130)
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In 39 APD patients randomized to Extraneal or 2.5% dextrose solution for the long, daytime
dwell (10-17 hrs) for three months, the average net ultrafiltration reported during the treatment
period was 278 ± 43 ml for the Extraneal group and –138 ± 81 ml for the dextrose group
(P<0.001).
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Mean creatinine and urea nitrogen clearances were significantly greater for Extraneal as
compared with 2.5% dextrose in CAPD patients at weeks 2 and 4 (Figure 2) and in APD patients
at weeks 6 and 12 (P<0.001).

Figure 2 – Mean Creatinine and Urea Clearance for the Overnight Dwell
(RD-97-CA-130)
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Extraneal resulted in a significant decrease in the percentage of patients with negative net UF
during long peritoneal dialysis dwells (10-17 hrs).  When compared to 2.5% dextrose solution,
the percentage of patients who were unable to achieve positive or zero ultrafiltration was
significantly lower for patients using Extraneal for the long dwell in both CAPD and APD.

1.31
1.54
1.57

057
045
054



Clinical Pharmacology Review NDA 21-321, Extraneal 7/17/01

44

NDA LOCATIONPackage Insert Sections
VOL PAGE

Long-term (12 month) Use
A randomized 12-month safety study (N=287) evaluated a single daily exchange of Extraneal for
the 8 to 16-hour dwell in ESRD patients using CAPD or APD.  One hundred seventy-five (175)
patients were randomized to Extraneal and 112 patients to 2.5% dextrose.

Body Weight: Long-term use (12 months) of Extraneal resulted in maintenance of stable body
weight compared to a mean weight gain of 2.3 kg in the 2.5% dextrose group. The lack of weight
gain observed in the Extraneal group may be related to a reduction in the glucose load during
long dwells.

Fluid Balance: Significantly fewer patients receiving Extraneal reported edema at Weeks 26 and
39 during the 12-month study when compared to patients on 2.5% dextrose (20% vs 35%).
Overall, 17.9% of patients in the control group reported peripheral edema as compared to 6.3 %
in the Extraneal group.

Peritoneal Membrane Transport Characteristics: After one year of treatment with Extraneal during
the long dwell exchange, there were no differences in membrane transport characteristics for
urea and creatinine.  There was a slight increase in the mass transfer area coefficient (MTAC) for
glucose at one year, but it was not different from the change in MTAC in patients receiving
treatment with 2.5% dextrose solution for the long dwell.

Quality of Life: Quality of life in the 12-month study was assessed by the Kidney Disease Quality
of Life (KDQoL) evaluation.  When asked to evaluate their general health at study completion,
versus their baseline assessment, a significantly greater percentage of patients in the Extraneal
group (30%) responded that their health was “much better now than one year ago” compared to
the Control group (4%) (p<0.03).

1.38

1.38

1.38

1.38

002

091

093

071

INDICATIONS AND USAGE
Extraneal is indicated for a single daily exchange for the long (8 – 16 hour) dwell during continuous
ambulatory peritoneal dialysis (CAPD) or automated peritoneal dialysis (APD) for the management
of chronic renal failure.

In clinical studies, Extraneal demonstrated enhanced ultrafiltration and creatinine and urea
clearances when compared to 2.5% dextrose solutions.  The percentage of patients with net
negative ultrafiltration was significantly reduced with Extraneal compared to 2.5% dextrose (See
CLINICAL PHARMACOLOGY –Pharmacodynamics and Clinical Effects).

1.38 101

CONTRAINDICATIONS
Extraneal is contraindicated in patients with a known allergy to cornstarch or icodextrin or in
patients with glycogen storage disease.

WARNINGS
Not for intravenous injection.
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PRECAUTIONS
General

Peritoneal Dialysis Related
All peritoneal dialysis solutions, including Extraneal, should be used with caution in patients with a
history of abdominal surgery within thirty days of commencement of therapy, abdominal fistulae,
tumors, open wounds, hernia or other conditions which compromise the integrity of the abdominal
wall, abdominal surface or intra-abdominal cavity.  Caution should also be used in patients with
conditions that preclude normal nutrition, patients with impaired respiratory function, and patients
with potassium deficiency.

Aseptic technique should be employed throughout the peritoneal dialysis procedure to reduce the
possibility of infection.  If peritonitis occurs, the choice and dosage of antibiotics should be based
upon the results of culture and sensitivity of the isolated organisms.  Prior to identification of
involved organisms, broad-spectrum antibiotics may be indicated.

Patient’s volume status should be carefully monitored to avoid hyper- or hypovolemia and
potentially severe consequences including congestive heart failure, volume depletion and
hypovolemic shock.  An accurate fluid balance record must be kept and the patient’s body weight
monitored.

Significant losses of protein, amino acids, and water-soluble vitamins may occur during peritoneal
dialysis.  The patient’s nutritional status should be monitored and replacement therapy provided
as necessary.

Extraneal solution should be inspected for clarity, absence of particulate matter and container
integrity.  Solutions, which are cloudy, contain particulate matter, or evidence of leakage should
not be used.

Treatment should be initiated and monitored under the supervision of a physician knowledgeable
in the management of patients with renal failure.

Insulin dependent diabetes mellitus

Patients with insulin dependent diabetes may require modification of insulin dosage following
initiation of treatment with Extraneal.  Appropriate monitoring of blood glucose should be
performed and insulin dosage adjusted if needed (See Drug /Laboratory Test Interactions) .
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Information for Patients
Patients should be instructed to inspect each container of Extraneal solution for clarity, particulate
matter, color and integrity of the container prior to use.  Solutions should not be used if they are

cloudy, discolored, contain visible particulate matter or if they have evidence of leaking containers.

Aseptic technique should be employed throughout the procedure.

To reduce possible discomfort during administration, patients should be instructed that solutions
may be warmed to 37°C (98°F) prior to use.  Only dry heat should be used. It is best to warm
solutions within the overwrap. To avoid contamination, solutions should not be immersed in water
for warming.  Do not use a microwave oven to warm Extraneal. Heating the solution above 40°C
(104°F ) may be detrimental to the solution.  (See Directions for Use)

Additional information for patients is provided at the end of the labeling.

Laboratory Tests
Serum Electrolytes
Decreases in serum sodium and chloride have been observed in patients using Extraneal.  The
declines in serum sodium and chloride may be related to dilution resulting from the presence of
icodextrin metabolites in plasma.  Although these decreases have been regarded as clinically
unimportant, monitoring of the patients’ serum electrolyte levels as part of routine blood chemistry
testing is recommended.

Extraneal does not contain potassium.  Evaluation of serum potassium should be made prior to
administering potassium chloride to the patient.

1.31
1.38
1.54

077
088
062

Alkaline Phosphatase
An increase in mean serum alkaline phosphatase has been observed in clinical studies of ESRD
patients receiving Extraneal. No associated increases in liver function tests were observed.  Serum
alkaline phosphatase levels did not show evidence of progressive increase over a 12-month study
period.  Levels returned to normal approximately two weeks after discontinuation of Extraneal.

1.31
1.38
1.54

077-078
088
062

Drug Interactions
General
No clinical drug interaction studies were performed.  No evaluation of Extraneal’s effects on the
cytochrome P450 system was conducted.  As with other dialysis solutions, blood concentrations
of dialyzable drugs may be reduced by dialysis.  Dosage adjustment of concomitant medications
may be necessary.  In patients using cardiac glycosides, plasma levels of calcium, potassium and
magnesium must be carefully monitored.

Insulin
A clinical study in 6 insulin dependent diabetic patients demonstrated no effect of Extraneal on
insulin absorption from the peritoneal cavity or on insulin’s ability to control blood glucose when
insulin was administered intraperitoneally with Extraneal.  However, appropriate monitoring  (See
Drug /Laboratory Test Interactions)  of blood glucose should be performed when initiating
Extraneal in diabetic patients and insulin dosage should be adjusted if needed (See Precautions) .

1.30

1.21

375, 400-
401
101-137

Heparin
No human drug interaction studies with heparin were conducted.  In vitro studies demonstrated no
evidence of incompatibility of heparin with Extraneal.

1.21 123-137



Clinical Pharmacology Review NDA 21-321, Extraneal 7/17/01

47

NDA LOCATIONPackage Insert Sections
VOL PAGE

Antibiotics
No human drug interaction studies with antibiotics were conducted.  In vitro studies evaluating the
minimum inhibitory concentration (MIC) of vancomycin, cefazolin, ampicillin,
ampicillin/flucoxacillin, ceftazidime, gentamicin, and amphotericin demonstrated no evidence of
incompatibility of these antibiotics with Extraneal. (See Dosage and Administration)

1.22

1.21

1.22

124-135

101-122

001-022,
136-166

Drug/Laboratory Test Interactions
Blood Glucose
Blood glucose measurement must be done with a glucose specific method to prevent maltose
interference with test results.  Glucose dehydrogenase pyrroloquinolinequinone (GDH PQQ) based
methods should not be used.

1.22 103-123

Serum Amylase
An apparent decrease in serum amylase activity has been observed in patients administered
Extraneal.  Preliminary investigations indicate that icodextrin and its metabolites interfere with
enzymatic based amylase assays, resulting in inaccurately low values.  This should be taken into
account when evaluating serum amylase levels for diagnosis or monitoring of pancreatitis in
patients using Extraneal.

1.22 167-174

Carcinogenesis, Mutagenesis, Impairment of Fertility
Icodextrin did not demonstrate evidence of mutagenic potential in in vitro  or in vivo studies
performed.  Long-term animal studies to evaluate the carcinogenic potential of Extraneal or
icodextrin have not been conducted.   Icodextrin is derived from maltodextrin, a common food
ingredient that is generally regarded as safe.

1.11 049-168

A preliminary fertility study in rats revealed slightly low epididymal weights in parental males in the
high dose group (1.5 g/kg/day), as compared to Control.  Toxicological significance of this finding
was not evident as no other reproductive organs were affected and all males were of proven
fertility.  Studies on the effects of icodextrin on male and female fertility have not been performed.

1.12 020-022

Pregnancy
Pregnancy Category C
Complete animal reproduction studies have not been conducted with Extraneal or icodextrin.  Thus
it is not known whether icodextrin or Extraneal solution can cause fetal harm when administered to
a pregnant woman or affect reproductive capacity.
Extraneal should only be utilized in pregnant women when the need outweighs the potential risks.

A preliminary study of the effects of icodextrin on the fertility and pregnancy in rats demonstrated
no effects of treatment with icodextrin on mating performance, fertility, litter response, embryo-fetal
survival, or fetal growth and development.

1.12 020-021
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Nursing Mothers
It is not known whether icodextrin or its metabolites are excreted in human milk.  Because many
drugs are excreted in human milk, caution should be exercised when Extraneal is administered to a
nursing woman.

Pediatric Use
Safety and effectiveness in pediatric patients have not been established.

Geriatric Use
No formal studies were specifically carried out in the geriatric population.  However, approximately
25% of the patients in clinical studies of Extraneal were age 65 or older, with ~ 4% of patients age
75 or older.  No overall differences in safety or effectiveness were observed between these patients
and patients under age 65.  Although clinical experience has not identified differences in responses
between the elderly and younger patients, greater sensitivity of some older individuals cannot be
ruled out.

1.69

1.71

062-066

030-031,
081-082

ADVERSE REACTIONS

Adverse Reactions from Clinical Trials
Significance of Adverse Reaction Data Obtained from Clinical Trials
Because clinical trials are conducted under widely varying conditions, adverse reaction rates
observed in clinical trials of a drug cannot be compared to rates in the clinical trials of another drug
and may not reflect the rates observed in practice.  The adverse reaction information from clinical
trials does, however, provide a basis for identifying the adverse events that appear to be related to
drug use and for approximating rates.

Extraneal was studied in controlled clinical trials of 366 patients with end-stage renal disease,
including 60 patients exposed for 6 months and 155 patients exposed for one year. The population
was 18-93 years of age, 56% male and 44% female, 73% Caucasian, 18% Black, 4% Asian, 3%
Hispanic and included patients with the following comorbid conditions:  26.8% diabetes, 49.3%
hypertension and 23.1% hypertensive nephropathy.  All patients received a single daily exchange
of Extraneal for the long dwell (8-16 hours).

1.71 040-045

Rash was the most frequently occurring icodextrin-related adverse event (5.5%, Extraneal; 1.7%
Control). A listing of adverse events reported in these same clinical studies, regardless of
causality, occurring in > 5% of patients is presented in Table 1.

1.71

1.72

055

174
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Additional adverse reactions that were possibly, probably or definitely related to Extraneal with an
incidence of less than 5% within each body system were as follows:
Body as a Whole - neck pain, PD catheter dysfunction, facial edema, bloody effluent;
Cardiovascul - postural hypertension, tachycardia, cardiovascular disease, syncope,
cerebrovascular accident, palpitations; Hematologic and Lymphatic - leukocytosis, eosinophilia;
Digestive - anorexia, abnormal liver function, constipation, gastrointestinal disorder, flatulence,
gastritis, intestinal obstruction, stomach ulcer; Metabolic and Nutrition - dehydration,
hypovolemia, hypochloremia, hypomagnesemia, weight increase, increase alkaline phosphatase,
hyponatremia, hypoglycemia, increase SGOT, increase SGPT, decreased weight, decreased
ultrafiltration, increase creatinine; Musculoskeletal - myalgia, cramps, leg cramping, bone pain;
Nervous -  paresthesia, dry mouth, anxiety, hyperkinesia, nervousness, abnormal thinking;
Respiratory - lung disorder, lung edema, hiccup; Skin - exfoliative dermatitis, nail disorder,
psoriasis, macular-papular rash, eczema, furunculosis, bulbar vesicular rash, skin discoloration, dry
skin, skin ulcer, urticaria; Special Senses - loss of taste; Urogenital - kidney pain.

1.72 171-174
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Table 1 - Adverse Experiences in >5 % of Patients

Extraneal
N = 366
Control
N=347

N (%)
N (%)

Body in General

Peritonitis
130 (26.4)
88 (25.4)

Exit Site Infection
73 (14.8)
58 (16.7)

Pain
48 (9.7)
43 (12.4)

Headache
43 (8.7)
23 (6.6)

Pain Abdominal
39 (7.9)
20 (5.8)

Flu Syndrome
35 (7.1)
21 (6.1)

Injury Accidental
31 (6.3)
14 (4.0)

171

172

50-51

180-181
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Peritoneal Dialysis Related
Adverse events common to the treatment modality of peritoneal dialysis including peritonitis,
infection around the catheter, fluid and electrolyte imbalance, and pain were observed at a similar
frequency with Extraneal and Controls (See Precautions).

Changes in Alkaline Phosphatase and Serum Electrolytes
An increase in mean serum alkaline phosphatase has been observed in clinical studies of ESRD
patients receiving Extraneal. No associated increases in liver function tests were observed.  Serum
alkaline phosphatase levels did not show evidence of progressive increase over a 12-month study
period.  Levels returned to normal approximately two weeks after discontinuation of Extraneal.

1.31
1.38
1.54

077-078
088
062

Decreases in serum sodium and chloride have been observed in patients using Extraneal.  The
declines in serum sodium and chloride may be related to dilution resulting from the presence of
icodextrin metabolites in plasma.  Although these decreases have been regarded as clinically
unimportant, monitoring of the patients serum electrolyte levels as part of routine blood chemistry
testing is recommended.

1.31
1.38
1.54

077
088
062

DRUG ABUSE AND DEPENDENCE
There has been no observed potential of drug abuse or dependence with Extraneal.

OVERDOSAGE
No data is available on experiences of overdosage with Extraneal.  Overdosage of Extraneal may
result in higher levels of serum icodextrin and metabolites.  It is unknown what symptoms may be
caused from exposure in excess of those observed in clinical trials.  In the event of overdosage
with Extraneal, continued peritoneal dialysis with glucose-based solutions should be provided.
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DOSAGE AND ADMINISTRATION
Extraneal is intended for intraperitoneal administration only.  It should be administered only as a
single daily exchange for the long dwell in continuous ambulatory peritoneal dialysis or
automated peritoneal dialysis.   The recommended dwell time is 8 to 16 hours.

Patients should be carefully monitored to avoid under or over hydration.  An accurate fluid
balance record must be kept and the patient’s body weight monitored to avoid over or under
hydration and potentially severe consequences including congestive heart failure, volume
depletion and hypovolemic shock.

Aseptic technique should be used throughout the peritoneal dialysis procedure.

To reduce possible discomfort during administration, patients should be instructed that solutions
may be warmed to 37°C (98°F) prior to use.  Only dry heat should be used.  To avoid
contamination, solutions should not be immersed in water for warming.  Do not use a microwave
oven to warm Extraneal.  Heating the solution above 40°C (104°F ) may be detrimental to the
solution.  (See Directions for Use)

Extraneal should be administered over a period of 10-20 minutes at a rate that is comfortable for
the patient.

Parenteral drug products, including Extraneal, should be visually inspected for particulate matter,
leakage and discoloration prior to use.  Should these be present, discard product; do not use.

Following use, the drained fluid should be inspected for the presence of fibrin or cloudiness,
which may indicate the presence of an infection.

1.4 102

Addition of Insulin
Addition of insulin to Extraneal was evaluated in 6 insulin dependent diabetic patients undergoing
CAPD for end stage renal disease. No interference of Extraneal on insulin absorption from the
peritoneal cavity or on insulin’s ability to control on blood glucose was observed (See Drug
/Laboratory Test Interactions) .  Appropriate monitoring of blood glucose should be performed
when initiating Extraneal in diabetic patients and insulin dosage adjusted if needed (See
Precautions) .

1.30

1.21

375, 400-
401
101-137

Addition of Heparin
No human drug interaction studies with heparin were conducted.  In vitro studies demonstrated no

evidence of incompatibility of heparin with Extraneal.
1.21 123-137
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Addition of Antibiotics
No formal clinical drug interaction studies have been performed.  In vitro compatibility studies with
Extraneal and the following antibiotics have demonstrated no effects with regard to minimum
inhibitory concentration (MIC): vancomycin, cefazolin, ampicillin/flucoxcillin, ceftazidime,
gentamicin, and amphotericin.
Patients undergoing peritoneal dialysis should be under careful supervision of a physician
experienced in the treatment end-stage renal disease with peritoneal dialysis.  It is recommended
that patients being placed on peritoneal dialysis should be appropriately trained in a program that
is under supervision of a physician.  Training materials are available from Baxter Healthcare
Corporation, Deerfield, IL 60015, USA.

1.22

1.21

1.22

124-135

101-122

001-022,
136-166

Directions for Use
For complete CAPD and APD system preparation, see directions accompanying ancillary

Aseptic technique should be used.

Warming
For patient comfort, Extraneal can be warmed to 37°C (98°F).   Only dry heat should be used.  It is
best to warm solutions within the overwrap.  Do not immerse Extraneal in water for warming. Do not
use a microwave oven to warm Extraneal.  Heating above 40°C (104°F) may be detrimental to the
solution.

1.4 102

To Open
To open, tear the over wrap down at the slit and remove the solution container.  Some opacity of
the plastic, due to moisture absorption during the sterilization process, may be observed.  This
does not affect the solution quality or safety and may often leave a slight amount of moisture
within the overwrap.

Inspect for Container Integrity
Inspect the container for signs of leakage and check for minute leaks by squeezing the container
firmly.

Adding Medications
Some drug additives may be incompatible with Extraneal.  See DOSAGE AND ADMINISTRATION
section for additional information.  If the re-sealable rubber plug on the medication port is missing
or partly removed, do not use the product if medication is to be added.
1. Prepare medication port site.
2. Using a syringe with a 1-inch long, 25 to 19-gauge needle, puncture the medication port

and inject additive.
3. Reposition container with container ports up and evacuate medication port by squeezing

and tapping it.
4. Mix container thoroughly.

Preparation for Administration
1. Place Extraneal on flat surface or suspend from support (depending on ancillary

equipment).
2. Remove protector from outlet port on container.
3. Attach solution transfer set.  Refer to complete instructions with ancillary equipment or

transfer set.
4. Discard any unused portion.
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HOW SUPPLIED
Extraneal (7.5% icodextrin) Peritoneal Dialysis Solution is available in the following containers and
fill volumes:

Container
Fill Volume
NDC

Ultra-Bag
1.5 L
NDC 0941-0679-51

Ultra-Bag
2.0 L
NDC 0941-0679-52

Ultra-bag
2.5 L
NDC 0941-0679-53

Ambu-Flex
1.5 L
NDC 0941-0679-45

Ambu-Flex
2.0 L
NDC 0941-0679-47

Ambu-Flex
2.5 L
NDC 0941-0679-48

Each liter of Extraneal contains 75 grams of icodextrin in an electrolyte solution with 40 mEq/l
lactate.

Extraneal should be stored at controlled room temperature 68–77°F (20–25°C).  Store in moisture
barrier overwrap in carton until ready to use.

Avoid excessive heat (104°F/40°C) and protect from freezing.

Rx Only

1.2

1.2

1.4

1.4

017

018

102
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APPENDIX II
REVIEW OF INDIVIDUAL STUDIES
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STUDY RD-99-CA-060

A Study to Evaluate the Pharmacokinetics of a Single Exchange of 7.5% Icodextrin
Peritoneal Dialysis Solution in Patients Treated with Peritoneal Dialysis

Study ID: RD-99-CA-060 Volume: 1.14-15

METHODS:

Patients. At least 10 evaluable patients were required to complete this prospective,
open-label study, Each center planned to enroll four to six patients in the study for 28 days.

Text product. Extraneal (7.5% Icodextrin) PD-2 Peritoneal Dialysis Solution with TwinBag
configuration.

Dose, batch number, product code. 2.0 L 7.5% Icodextrin PD-2; 000A19G42; SPB5268

Mode of administration. Given intraperitoneally.

Duration of treatment.   One exchange for twelve hours.

Assays:Total icodextrin was measured by total hydrolysis of icodextrin to glucose followed by
the enzymatic determination of glucose. Free glucose was subtracted from the results of
hydrolysis. Methods validation of the are shown in the separate studies.
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Biological Analytes:

Data Analysis:
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 RESULTS:

Thirteen patients entered the study and 11 completed the full protocol.
The absorption kinetics was described with zero-order kinetics which is consistent with
convective transport mechanism of large molecular weight particles. Mean concentrations of
total icodextrin in the peritoneal cavity are shown in Figure 1.

Figure 1. Mean Plasma concentration of total icodextrin in the peritoneal cavity

After the single 12 hours dwell, a median of 40% of the instilled icodextrin was absorbed. at a
rate of 5 g/hr. Absorption from the peritoneal cavity during 12 hours for individual patients is
described in Table 1.
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Table 1. Absorption from the peritoneal cavity during 12 hours

Pharmacokinetics of total icodextrin in plasma was described with one-compartmental model
with zero order absorption. Half-life was estimated as 14.7 hours, and clearance was 1.08 L/hr.

Figure 2. Total icodextrin plasma concentrations after the single 12 hours dwell

Plasma metabolite’s concentrations are shown in Figure 3. The metabolites with lower
molecular weight had higher plasma concentrations and progressively increased during the dwell
with slow decline after the dwell. Their plasma concentrations were measurable up to 3 days
post dwell. The larger metabolites levels in plasma were 30-200 fold lower than DP2.
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Figure 3. Icodextrin metabolites in plasma (mean and SD values)
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Mean concentrations of the metabolites in the dialysate are shown in Figure 4. The
concentrations of metabolites with higher molecular weight (DP5-DP7) were higher compared
to DP2-DP4 at the beginning of the dwell. During the 12 hours dwell, the concentrations of
smaller polymers increased and those of the larger molecular weight declined.

Figure 3. Mean dialysate DP2-DP7 levels at baseline and at 12 hours.
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Excretion
Urinary excretion of Icodextrin was examined during the first 24 hours of the study. Four
patients were anuric. The mean creatinine clearance for the other 9 patients was 5.0 " 1.5
mL/min, and the mean urea clearance was 1.8 " 0.73 mL/min. In the 24-hour urine collection, a
mean of 2.2 " 0.6 g of icodextrin was recovered. The icodextrin urinary excretion directly
correlates with creatinine clearance. Figure 5 shows the correlation of icodextrin excretion over
24 hours vs creatinine clearance

Figure 5. Correlation of icodextrin excretion over 24 hours vs creatinine clearance
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COMMENTS:

The kinetics of icodextrin absorption from the peritoneal cavity is described reasonably.
The data for total icodextrin are more complex than a one-compartmental model profile.

After multiple dwells, total icodextrin plasma concentrations achieve steady state at week 2.
Therefore, the reported parameter values by the sponsor are not reliable. Moreover, the
parameters estimated for the bulk measurement of the sum of glucose polymers could not be
interpreted physiologically. These parameters should not be cited in the Package insert.

The sponsor did not describe the pharmacokinetics of the metabolites in plasma.
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BIOANALYTICAL METOD FOR TOTAL ICODEXTRIN AND ITS VALIDATION
Studies RD-94-RE-067, TR06BC99376, 10318

Method specificity is shown in Table 1.

Table 1. Method specificity for total maltodextrin

Precision and accuracy of the assay in the dialysate is shown in Table 2.
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Table 2. Precision and accuracy of total maltodextrin in dialysate

Precision and accuracy of the measurements of total maltodextrin in plasma is summarized in
Table 3.
Maltodextrin data in plasma obtained after the assay of the triplicate on 3 separate days.
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Table 3. Precision and accuracy of the measurements of total maltodextrin in plasma

All results of the assay validation are described in Table 4.

Table 4. Summary of the assay method for total maltodextrin
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In the year 2000, this assay was cross-validated for two available test systems (Study
TP06BC99376). Finally, Study 10318 was performed to complete validation of the glucose
oxidation method for total icodextrin glucose measurements in plasma, urine, and dialysate.

COMMENTS:
The method of total icodextrin assay is acceptable for accuracy, recovery, and LOQ. However,
this method is lacking the specificity because the obtained measurements do not belong to the
specific molecular entity but are the sum of different glucose polymers.
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BIOANALYTICAL METOD FOR ICODEXTRIN METABOLITES AND ITS
VALIDATION
Studies RD-RE-B-013, RD-95-RE-134, RD-98-010, RD-94-RE-074
Icodextrin metabolites were measured by high performance anion-exchange chromatography
with pulsed amperometric detection.
The assay was validated in plasma (Study RD-94-RE-074). The summary of the assay
validation for icodectrin metabolites in plasma is shown in Table 1.

Table 1. Validation of icodextrin metabolites assay



Clinical Pharmacology Review NDA 21-321, Extraneal 7/17/01

69

 Validation of the assay for metabolites of icoextrin in urine (Study RD-98-RE-010) is shown in
Table 16

COMMENTS:
The assay method for metabolites is acceptable.
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Validation of the assay for metabolites of icoextrin in spent dialysate (Study RD-98-RE-010) is
shown in Table 15.
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STUDY RD-97-CA-130

A Study to Evaluate the Safety and Efficacy of 7.5% Icodextrin Peritoneal Dialysis
Solution in Patients Treated with Continuous Ambulatory Peritoneal Dialysis

Study ID: RD-99-CA-130 Volume: 1.16

Principal Investigator’s information is referred to Appendix 16.1.4, which is not available for
review. The sponsor’s information is provided:

METHODS:

Patients. At least 144 evaluable patients were required to complete this prospective,
randomized, double blind, parallel group, active control study. Each center planned to
randomize 6-8 patients in the study for 4 weeks.

Text product. Extraneal (7.5% Icodextrin) PD-2 Peritoneal Dialysis Solution with TwinBag of
UltraBag configuration.

Dose, batch number, product code.
2.0 L 7.5% Icodextrin PD-2; AX2020-C378414, JX0005-W8DO6T1
2.5 L 7.5% Icodextrin PD-2; AX2027-C380105, JX0008-W8DO7T1

Mode of administration. Given intraperitoneally.
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Duration of treatment.   One exchange per day for the long dwell.

Control Solution: 2.0L or 2.5 L Dianeal PD-2 or PD-4 Peritoneal Dialysis
Solution with 1.5% Dextrose in the TwinBag of UltraBag configuration.

Dose, batch number, product code.
2.0 L 2.5% dextrose  Dianeal PD-2; AX2022-C377846, JX0002-W8DO8T0
2.5 L 2.5% dextrose  Dianeal PD-2; AX2028-C377853, JX0004-W8DO8T1

Assays:Total icodextrin was measured by total hydrolysis of icodextrin to glucose followed by
the enzymatic determination of glucose. Free glucose was subtracted from the results of
hydrolysis.

Icodextrin metabolites were measured by high performance anion-exchange
chromatography with pulsed amperometric detection.

Biological Analytes:

Statistical Methods:

RESULTS
Pharmacokinetic data include information on the plasma steady state levels and the
elimination of icodextrin.
Steady state total icodextrin plasma concentrations and maltose were calculated at
week 2 as 5.08 ""  0.21 g/L, and 0.85 ""  0.03 g/L, respectively.
Metabolite plasma concentrations are shown in Table 14.3.4-5. The highest
concentration were achieved for DP2 and DP 3, about .8 g/L, followed by DP4 (.3 g/L.
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The large polymers had low plasma concentrations, ranging from 0.022 (DP7) to 0.036
(DP5).
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COMMENTS

Total icodextrin and its metabolites concentrations in plasma increased by week 4. The
levels of DP6 and DP7 at week 4 were 5-10 fold larger than after the end of the single
12 hours dwell.
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STUDY RD-97-CA-131

A Study to Evaluate the Safety of 7.5% Icodextrin Peritoneal Dialysis Solution in
Patients Treated with Peritoneal Dialysis in North America

Study ID: RD-97-CA-131 Volume: 1.16

Principal Investigator’s information is referred to Appendix 16.1.4, which is not available for
review. The sponsor’s information is provided:

METHODS:

Patients. At least 300 evaluable patients were required (150 patients in the icodextrin
treatment group) to complete this prospective, randomized (2:1), double blind, parallel group,
active control study. Approximately 40 centers were to randomize 6-8 patients in the study for
12 months (52 weeks).

Text product. Extraneal (7.5% Icodextrin) PD-2 Peritoneal Dialysis Solution

Dose, batch number, product code.
2.0 L 7.5% Icodextrin PD-2; AX2020-C378414, JX0005-W8DO6T1

2.5 L 7.5% Icodextrin PD-2; AX2027-C380105, JX0008-W8DO7T1
C414813-C414821; C426578-C425660; W8D07B3KX-W8D06B2
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Mode of administration. Given intraperitoneally.

Duration of treatment.   One exchange per day for the long dwell for 52 weeks.
Control Solution: 2.0L or 2.5 L Dianeal PD-2 or PD-4 Peritoneal Dialysis
Solution with 1.5% Dextrose in the TwinBag of UltraBag configuration.
Dose, batch number, product code.
2.0 L 2.5% dextrose  Dianeal PD-2; AX2032-C379846, JX0003-W8DO8T0
2.5 L 2.5% dextrose  Dianeal PD-2; AX2058-C379853, JX0006-W8DO8T1

Assays:Total icodextrin was measured by total hydrolysis of icodextrin to glucose followed by
the enzymatic determination of glucose. Free glucose was subtracted from the results of
hydrolysis.

Icodextrin metabolites were measured by high performance anion-exchange
chromatography with pulsed amperometric detection.

Biological Analytes:

RESULTS

Two hundred eighty-seven patients have completed this study.
Pharmacokinetic data includes the information on plasma steady state levels and elimination of
icodextrin. Steady state total icodextrin plasma concentrations were between 4.8 and 5.03 g/L
at weeks 4, 13, 26, 39, and 52. In the control group maltose was measured in plasma as 0.85
" 0.03 g/L. Metabolite plasma concentrations were measured as well. The highest
concentrations were achieved for DP2 and DP3, about 0.8 g/L, followed by DP4 at 0.3 g/L.
The large polymers had low plasma concentrations, ranging from 0.022 (DP7) to 0.036 (DP5).
Table 1 lists the plasma concentrations data for icodextrin and control groups.
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Table 1. Mean Icodextrin plasma concentrations

The results of plasma measurements of metabolites are shown in Figure 1.

Figure 1. DP2, DP3, and DP4 plasma concentrations at steady state.

Analysis of variance with repeated measures compared the data obtained at week 4 and week
52 for total icodextrin and metabolites. The differences are reported as statistically insignificant.

COMMENTS:
Steady state plasma concentrations of icodextrin measured up to week 52 were in the range of
the previously reported values for the 4-week clinical trial. The metabolite plasma
concentrations were not summarized statistically. The results were shown graphically.
An attempt was made to evaluate the effects gender, site, race and diabetic status  on treatment
using SAS. The influence of these covariates on the pharmacokinetics of icodextrin and/or its
metabolites was not assessed.
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STUDY PRO-RENAL-REG-035

A Study to Evaluate the Safety and Efficacy of 7.5% Icodextrin Peritoneal Dialysis
Solution in Patients Treated with Automated Peritoneal Dialysis (APD)

Study ID: PRO-RENAL-REG-035 Volume: 1.17

METHODS:

Patients. Thirty two evaluable patients were to complete this prospective, randomized,
open-label, parallel group, active control study. Patients participated in this study for 4 months
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(16 weeks). The study included a 2-week baseline period followed by a 12-week treatment
period and finally a 2 week follow up period.

Text product. Extraneal (7.5% Icodextrin) PD-2 Peritoneal Dialysis Solution in a single bag
configuration.

Dose, batch number, product code.
2.0 L 7.5% Icodextrin PD-2; EUBX0332R, 96K23G30

Mode of administration. Given intraperitoneally, using HomeChoice system.

Duration of treatment.   Single day-time dwell administered for 16 weeks.

Control Solution: 2.0L or 2.5 L Dianeal PD-4 Peritoneal Dialysis Solution with
2.27% glucose in single bag configuration.

Dose, batch number, product code.
2.0 L bag SPB9727RL

Assays:Total icodextrin was measured by total hydrolysis of icodextrin to glucose followed by
the enzymatic determination of glucose. Free glucose was subtracted from the results of
hydrolysis.

Icodextrin metabolites were measured by high performance anion-exchange
chromatography with pulsed amperometric detection.

Biological Analytes:

RESULTS

Thirty nine patients have completed this study.
Pharmacokinetic data includes the information on the plasma steady state levels and the
elimination of icodextrin. Steady state total icodextrin plasma concentrations were calculated at
weeks –1, 1, 6, 12, 13 and 14. The results are shown in Table 1.
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Table 1. Total plasma icodextrin (mg/L)

In the control group maltose was measured in plasma, Table 2.

Table 2. Plasma maltose concentrations

Plasma levels of icodextrin and its metabolites were elevated within the icodextrin group. Mean
changes were significant at weeks 1,6, and 12. One week after the treatment was discontinued,
the mean values were still significantly higher that baseline values (p=0.003). By week 14 these
changes were not statistically significant. The findings were similar for the metabolites of
icodextrin (Table 3).
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Table 3. Plasma Icodextrin and its metabolites concentrations
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Table 3. Plasma Icodextrin and its metabolites concentrations
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Table 3, continued
Table 3, continued
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Table 3, continued
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The highest concentration were achieved for DP2 and DP3 (about 1.1 g/L) followed by DP4
(0.34 g/L). The large polymers had low plasma concentrations, ranged from 0.006 (DP7) to
0.012 (DP5).

COMMENTS:
Steady state total icodextrin and its metabolites plasma concentrations in the APD setting were
similar to the data reported previously from other studies with the CAPD setting. In the short
day-time dwells, the low molecular weight polymers have slightly higher, and plasma
concentrations of high molecular weight polymers have lower mean plasma concentrations
compared to the plasma levels obtained with the use of long dwells. Nevertheless, short dwells
appeared to be safe for use.
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STUDY ML/IB 002

Addition of Insulin to Dextrin 20 and Glucose CA Peritoneal Dialysis Solutions

Study ID: ML/IB 002 Volume: 1.22
Study performed from March to April 1991.

Principal Investigator information:

METHODS:

Study Design. An open-label, randomized, controlled crossover study in 6 patients. At two
separate visits, eligible patients received in random order a 1.36% glucose CAPD bag and
Dextrin 20 (7.5%) CAPD bag, both containing their usual dose of insulin, for a 6 hours dwell.

Text product. Dextrin 20 was manufactured and supplied by M.L.Laboratories plc.

Batch number, product code. Not available.

Mode of administration. Given intraperitoneally.

Duration of treatment.   One exchange per day for 6 hours dwell.
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Control Solution: 1.365% glucose solution.

Batch number, product code. Not available

Assays:Not described

Statistical Methods:
The parameters  that were analyzed were glucose and insulin plasma levels, and glucose and
insulin CAPD fluid levels. The comparisons were made using standard methods for the analysis
of quantitative variables in two-period crossover studies. Input and output files were not
available for review. These techniques allowed an investigation of the effects due to period and
to carry-over of the previous treatment, the test for carry-over effect being performed was at
the 10% significance level. A comparison of the treatments was carried out by comparison of
treatment means, adjusted for the effect due to period.
Insulin absorption rate from the peritoneum to blood was calculated.
Blood samples were taken during the 6 hours of the dwell, bag weights were measured to
estimate the net ultrafiltration.

RESULTS:

The differences in insulin levels in both plasma and dialysate fluid were not statistically significant
(p= 0.67 and p= 0.22, respectively). Figures 1 and 2 show the plasma and CAPD liquid mean
levels of insulin during the dwell. There was a large difference in glucose levels in plasma and
dialysate in both treatments.

Figure 1.  Mean plasma concentration of insulin in both treatments
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Figure 1. Mean CAPD fluid concentrations of insulin in both treatments.

Although the sample size was small, the sponsor concluded that insulin may be safely
administered together with icodextrin, the same way that it is added to glucose CAPD fluid.

COMMENTS:

This study report did not include the assay description for insulin and glucose and quality control
samples for the measurements.
Although the study showed that the difference in insulin plasma and dialysate levels in both
treatment groups were not statistically significant, the study results cannot be evaluated properly.


