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CHAPTER 6

The pharmacokinetics of pc-sop,
a lecithinized recombinant
superoxide dismutase, after
single- and multiple-dose
administration to healthy
Japanese and Caucasian
volunteers

Based on: ] Clin Pharmacol. 2008 Feb;48(2):184-92

Suzuki], Broeyer FJ, Cohen AF, Takebe M, Burggraaf ], MizushimaY.



ABSTRACT

To study the pharmacokinetics (pk) of single rising intravenous
doses (40-16omg) and repeated doses (Bomg for 7 days) of lecithi-
nized superoxide dismutase (pc-soD) in Japanese volunteers and
to compare the pk of Pc-sob between Caucasians and Japanese.

The Japanese study consisted of two parts: a single dose,
open-label, dose-escalation and a multiple dose, single-blind,
placebo-controlled part. The pk of pc-sob was determined using
non-compartmental and compartmental methods. pk-data from
a study with pc-sop in Caucasians was reanalyzed using the same
methodology.

The mean (sb) terminal half-life of pc-soD in Japanese subjects
was 25 (4) hours for the 4gomg and 8omg and 31 (15) hours for the
16omg dose. There was non-linearity between dose-normalized
Cmax and clearance (p-values 0.002 and 0.022). After multiple
dosing, steady state was reached after 5 days. The observed
accumulation ratio was 2.6 (0.5).

The pk of the single 8o mg dose was similar for Japanese and
Caucasians.

The pk of Pc-sob was shown to be non-linear with dose
which may be attributable to a saturable clearing mechanism.
The relative long half-life of pc-sob (>24 hrs) suggests that it is
worthwhile to study the compound as protective agent in clinical
conditions with free radical overload.
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INTRODUCTION

Overproduction of free radicals, such as the superoxide anion,

is associated with the pathology of different diseases.(1-3)
Superoxide dismutase (sob), which catalyses the dismutation
of superoxide to hydrogen peroxide and oxygen, is important

in the defense against free radical overload.(4) It thus seems
logical to develop sop as a potential treatment modality.
However, attempts to achieve this have failed mainly because
exogenous sob has a low affinity for the cell-membrane and

has unfavorable pharmacokinetics (e.g. a very short half-life).(g)
These characteristics limit the clinical use of sob, as especially the
intra-cellular isoforms of sop play a role in protection against free-
radical induced damage and exogenous sob needs to be active for
a certain period of time to exert its potential protective effect.(5-7)

Therefore a recombinant Cu,Zn sob, covalently bound to on
average 4 molecules of lecithin (Pc-sob), have been developed. In
pre-clinical experiments pc-sobD has a 4.5 times greater oxygen-
radical scavenging effect, which leads to a 100-fold increase in
protective effect against O, induced vascular endothelial cell
damage compared with unmodified sop.(8) In addition, a stronger
binding to human vascular endothelial cells was demonstrated.(g)
Furthermore, studies in rats showed that pc-sop had a prolonged
residence time, compared to unmodified sob and was effective
in various animal models.(2;3;10-19) These characteristics make
pc-soD a potentially protective agent in various pathological
conditions that involve free radical overproduction.

Previous phase | trials in Caucasians demonstrated that pc-sob
was well tolerated in doses up to 8omg, but the pharmacokinetics
in other ethnic groups has not been reported yet. This may be of
particular importance for the clearance of pc-sob as apparently
most differences caused by ethnic factors occur during drug
metabolism.(20)

Therefore, a pharmacokinetic study with single iv doses (up to
160mg) and repeated iv doses (Bomg/day for 7days) of pc-sobD
in healthy Japanese volunteers was performed. As a previously
performed pk study in Caucasians used the same methodology,
the pk of the single iv 8o mg dose were compared.
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SUBJECTS AND METHODS

Subjects

For the study performed in Japan, eligible for study participation
were male Japanese volunteers, within 209% of the normal body
weight range relative to height and frame size. All subjects were
screened prior to study participation and considered healthy based
on history, physical examination and laboratory assessment.
This study protocol was approved by IrB of The Kitasato Institute,
Research Center for Clinical Pharmacology (formerly known as
The Kitasato Institute Bio-latric Center). The study in Caucasian
subjects was performed as previously described.(21) This protocol
was approved by the Medical Ethics Committee of Leiden
University Medical Center. From both Japanese and Caucausian

subject’s written informed consent was obtained before screening.

Study design

The study in Japanese subjects was done in three cohorts of six
male volunteers who received escalating single doses of pc-sob
(40, 8o and 160 mg) in an open-label fashion and a single cohort
of eight male volunteers who received seven daily doses of pc-sob
(8o mg) in a placebo-controlled design (6 active treatment, 2
placebo). Dose escalation occurred when no clinically significant
safety issues were observed in the previous dose-level. The
multiple dose part of the study started after completion of the
highest dose of the single dose study.

The study in Caucasian subjects consisted of eight healthy
subjects (4 female and 4 male) who received single doses of
PC-soD (20, 40 and 8o mg) in a double blind, placebo-controlled,
4-way cross-over study.

Trial medication

Recombinant human sob (rhsob) was produced in Escherichia
coli, the exact procedure is described elsewhere.(8) One of the
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cysteine residues of rhsob was converted to S-(2-hydroxyethyl-
thio-) cysteine and phosphatidylcholine derivatives were then
covalently bound to this modified rhsop to produce pc-sob. The
specific activity of pc-sob was about 3,000 U/mg of protein when
assayed with the cytochrome C method using a xanthine-xanthine
oxidase-cytochrome C system. Vials for injection containing 30 mg
of pc-sob were produced by a freeze-drying process with purified
sucrose as an additive. The test drug was dissolved in xylitol 5%
(Japan) or mannitol 5% (Netherlands). Placebo consisted of either
xylitol or mannitol.

Study days (Japanese)

The subjects were admitted to the research unit after an overnight
fast. After preparation and baseline measurements, the study drug
was administered intravenously over 6o min. For the participants
of the multiple-dose cohort the study drug was administered 7
times with an interval of 24 hours in between. During the study
days, frequent measurements of vital signs, 12-lead ecG recording
and evaluation of adverse events, blood sampling and fractionated
urine collection took place. The subjects remained in the unit

for 48 hrs (multiple dose: 72 hrs) and returned for follow-up
assessments and blood sampling one and two weeks after (last)
dosing. During the study days subjects had standard meals and
abstained from using xanthine-containing drinks or food.

Sampling (Japanese)

PC-SOD serum concentrations were assessed before administra-
tion and at 30, 60, go minutes and 2, 3, 5, 9, 13, 25, and 48 hours
after dosing (single dose). For the multiple dose part serum pc-sob
concentrations were assessed 60 minutes prior to each adminis-
tration and at 30, 60, go minutes and 2, 3, 5, 9 and 13 hours on day
1and 4. In addition pc-sob concentrations were determined 23,
48, 72 and 168 hours after the last administration.

Cumulative urinary pc-sob concentrations were measured at
-12-0, 0-6, 6-12,12-24, and 24-48 hours (and 48-72 hours for
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the multiple dose cohort) after the start of administration, for the
single dose cohorts and the first day and the last day of the mul-
tiple dose cohort. In addition during day 2 to 6 cumulative urinary
Pc-soD concentration was measured for each 24 hour period.

For all cohorts safety laboratory assessments were done
before each administration, at 24 hours and 1 week after pc-sop
administration. For the multiple dose cohort additional safety
assessments were done at 48 and 72 hours after the last dose.

The study outline for the Caucasian subjects was comparable
to those of the Japanese volunteers.(21)

Serum and urinary pc-sob concentrations were measured
using an enzyme linked immunosorbent assay (ELISA), consisting
of an antibody against human Cu, Zn-sob, and a second antibody
against human Cu, Zn-sob conjugated with horseradish peroxi-
dase. The assay has a lower limit of quantification 0.626 pg/mL.
The intra-assay variability and inter-assay was investigated at
Pc-soD concentrations of 0.626, 2.50 and 10.0 pg/ml for serum
and 0.626, 5.0 and 20.0 pg/ml for urine (each concentration
in triplicate). The coefficients of variation for the intra-assay
variability for the respective concentrations were 5.6, 3.2 and 1.0%
in serum, and 7.3%, 2.3% and 2.3% in urine. The coefficients of
variation for the inter-assay variability in serum and urine were
7.9, 2.7and 1.3% and 4.9%, 8.2% and 1.2% respectively. Repeated
freezing and thawing had no appreciable effects (cv <10% after 3
freeze/thaw cycles).

Non-compartmental pharmacokinetic analyses

The data were analysed using non-compartmental analysis with
estimation of the elimination half-life (In2/Bz) using log-linear
regression of the terminal part of the curve, where the number

of included points was determined by the software program
WinNonlin Vg.o (Pharsight Corp, Mountain View, ca). Extrapolation
of the Auc,.., was done using the calculated Auc,_,; to which

Ciast/ 3z Was added. The pharmacokinetic parameters of pc-sob
after single doses (for both the Japanese and Caucasian subjects,
only 8omg data) were analysed for C,,,.,, (maximum observed
plasma drug concentration), Auc,,, (area under the plasma drug
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concentration curve (auc) from time o to 24 hours), AUC,-14st (AUC
from time o to last point measured), Auc,.., (Auc from time o to
infinity), clearance (Cl), volume of distribution (Vd) and terminal
elimination half-life (t1/2). The degree of accumulation of pc-sob
expected during the multiple-dose regimen was predicted based
on the single-dose data. The predicted accumulation ratio (Rpred)
was defined as the auc,_,, of the 8omg single-dose cohort divided
by auc,,, of the Bomg single-dose cohort.

After multiple-dose administration, the following parameters were
determined from the pc-sob concentration versus time data: Cp,.,,
AUCo-o0, AUC,-,, and t1/2 after the first administration and Cpay,
AUC;; (AUC over the 24 dosing interval during steady state) and
t1/2 after the last administration. The observed accumulation ratio
(Robs) was defined as Auc;, (Aauc over the 24 hour dosing interval)
on day 7 of the multiple-dose cohort divided by auc,_,, on day 1.
The accumulation of Pc-soD in serum at steady-state (Rss, steady-
state accumulation ratio) was defined as the Auc;,;on day 7 of the
multiple-dose cohort divided by Auc,_,, on day 1.

Compartmental pharmacokinetic analyses

Compartmental analysis was performed using the software
program WinNonlin V5.0 (Pharsight Corp, Mountain View, ca).

A 2-compartment model with macro-constants was used.
Observations were iteratively reweighted using the square of the
predicted concentration corresponding to a constant coefficient
of variation residual error model. Using this model C,,,,, Cl,
initial half-life (ty, iniia), terminal half-life (ty, initiap) and Vd were
determined for both single- and multiple dose data .

Statistical analysis

Pharmacokinetic parameters were summarized using mean,
standard deviation (sp), median, minimum and maximum.
Tolerability and safety variables were summarized using
descriptive statistics (n, mean, sp, median, minimum and
maximum for continuous variables).
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RESULTS

General

Dose-normalized C,,,,, and total clearance were used to assess
dose-linearity using single factor factorial analysis of variance on
log-transformed data (ANovA; factor dose) to assess dose-linearity.
Mean differences and go%-Cl intervals in C,a (Hg/mL), tv, (hr),
clearance (mL/hr), volume of distribution and Auc,., (Hgahr/

mL) between Japanese and Caucasian were determined using
two-sample student t-tests on log-transformed data assuming
unequal variances.

Twenty-six male Japanese volunteers (age: 20-32, mean BM!:
21.4 kg/m?2) were included. In the Caucasian study eight subjects
(4 female/4 male, age: 18-27, mean BMI: 23.4 kg/m?2) participated.
All Japanese subjects completed the study. No adverse
events were observed in 40 and 8omg single dose groups. The
most common adverse event was mild diarrhea (twice in the
16omg-group, once in the 8omg multiple dose group, in one
subject receiving placebo). These events were considered possibly
related to the study drug. Other adverse events were headache,
muscle pain, fatigue, pain in the right hip and influenza. These
events occurred once and were considered not to be related to
the study medication. In one subject in the multiple doses group
antibodies against pc-sop were detected at the first follow up.
Follow up at 6 months showed that these antibodies were no
longer present.
Safety analysis in Caucasians did not indicate any safety issues,
results of the safety analyses are reported elsewhere.(21)

Non-compartmental pharmacokinetic analyses

The mean serum concentrations of pc-sob versus time curves for
the single-dose and the multiple-dose regimens are shown in figure
1and 2 respectively. Asummary of the pharmacokinetic parameters
is given in table 1 (single dose) and table 2 (multiple-dose).
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Following single-dose intravenous pc-sob administration in
Japanese serum pc-sob concentrations were elevated above
baseline for 24 hours in all doses used. Mean (sp) terminal half-
life (t1/2) of Pc-sob was 24.7 (4.3), 24.9 (3.5), 31.3 (14.6) hours
for the 3 ascending doses respectively. After 8omg single dose
in Caucasian a terminal half-life of 26.1 (11.2) hours was found.

Dose-normalized C,,., and clearance (Japanese) were 259.4
(31.4), 254.9 (24.7) and 358.0 (74.1) ng/ml/mg and 167.4 (27.4),
143.9 (18.9) and 119.4 (30.0) ml/hr for 40, 8o and 160mg pPc-sob
respectively. These data indicated that the pharmacokinetics of
pc-sob is dose-dependent. (p-values 0.002 and 0.022).

Urinary pc-sob concentrations were below the limit of
quantification for the 4omg, and 8omg, but after 16omg pc-sop
the cumulative urinary excretion 0-48hrwas 2.28 (1.34) mg, which
is 1.4 (0.8)% of the administered dose.

After multiple-dose administration of pc-sob 8omg C,,,, day7
was 38.1 (2.1) ug/mL. The auc;,; was 649.7 (98.3) hr*ug /mL.
Based on the seven trough serum pc-sob concentrations, steady
state was reached after 5 days. The Robs 2.6 (0.4) was greater
than the value calculated from the single dose data (Rpred: 2.0
(0.2), p=0.02).Urinary pc-soD concentrations were below limit of
quantification during the multiple-dose regimen.

Compartmental pharmacokinetic analyses

When data were modeled using a 2-compartmental model a good
fit was obtained. In two subjects (in the 8o and 160 mg single dose
cohort) no adequate estimation of half-life could be calculated.
The results after compartmental analyses were comparable to
those obtained with non-compartmental analyses (table 3).

Comparison Caucasians-Japanese

The non-compartmental pharmacokinetics of the 8omg single
dose administrations were compared between Japanese and
Caucasians using C.,.,, clearance, volume of distribution, half-life
and AUC,_..(table 1)
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DISCUSSION

In this study we evaluated the pharmacokinetic profile of pc-sop
following single doses of 40, 8o and 16omg and multiple doses
(Bomg/day for 7 days) in Japanese volunteers. Additionally,
pharmacokinetics of 8omg single dose pc-sobp in Japanese and
Caucasian subjects was compared.

The mean plasma concentration versus time curve for the
48 hours following a single dose of Pc-sob was characterized
by bi-exponential decline from peak plasma concentration.
Half-lives were more than 24 hours for all investigated doses,
which is substantially longer than previous reports in trials
with unlecithinized sop.(22;23) The excretion of pc-soD is
predominantly extra-renal, as urinary excretion was less than 2%
in the 16omg cohort. This is in line with findings from a previous
study in healthy Caucasians, but in contradiction with results in
earlier trials with unlecithinized recombinant sop, where urinary
excretions up to 57% were reported. These data suggest that the
diminished urinary excretion, and possibly the prolonged half-
life, can be attributed to the addition of lecithin to sop.(22;23)

In contradiction with earlier studies in Japanese and Caucasians
dose-dependency of the pharmacokinetic parameters was shown,
likely because in this study higher doses were studied. As also,
Cmax Showed dose-dependency, this strongly suggests a saturable
clearance for pc-sob.

After multiple dosing steady state was reached after g days.
Pharmacokinetics after the multiple dose regimen showed a
similar pattern of distribution and elimination as observed during
the single dose cohorts. But some differences were observed. First,
terminal half-life was longer than during single dose regimen (56.8
vs 24.9 hours), second a slightly higher accumulation ratio than
predicted on the single dose data (Ryeq 2.0 Vs Rops 2.6) was found.

For the higher than expected accumulation and longer half-
life of Pc-sop after multiple dosing, some possible explanations
can be given. First, during the multiple-dose regimen the final
part of AuC,., is better characterized due to longer sampling
(48 hours vs. 168 hours in the single- and multiple dose cohort
respectively). It is therefore highly likely that the calculated
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AUC,., during single-dose and following the first dose in the
multiple dose regimen is underestimated because of incomplete
characterization of the terminal elimination phase. Second, it
may be that at higher exposures as in the multiple-dose part
makes the observed non-linearity in the single-dose cohorts
clearer. When the pharmacokinetic profiles were modeled

using a 2-compartment model the estimated pharmacokinetic
parameters were comparable to those determined with non-
compartmental methods, indicating that we adequately described
the pharmacokinetic properties of pc-sob. Nevertheless, the
finding that steady state is reached after approximately 5 days,
which is more compatible with a half-life of 24 hrs, may suggest
that there is a ‘deep’ compartment containing very little amounts
of drug.(24) Thus for practical reasons it seems that the relevant
elimination half-life of pc-sop is in the order of 24 hours.

Based on our data there are no indications that after Somg
single dose of pc-sob there are differences of clinical significance
between Japanese and Caucasian subjects.

Generally, pc-sob was well tolerated in doses up to 160 mg.
The observation that one of the Japanese subjects developed
antibodies against pc-sob after multiple doses of pc-sobD requires
further investigation and the development of antibodies should
be monitored in future trials.

In conclusion, this study demonstrates that pc-sob
concentrations were elevated above baseline for at least 24 hours
after single doses of pc-sob greater or equal of gomg. Dose
non-linearity was demonstrated after single doses, indicating
saturable clearance. During the multiple-dose regimen steady
state was reached after g days. Accumulation was slightly higher
than expected. It was shown that pk after a single iv dose of 8o
mg pc-soD is similar for healthy Japanese and Caucasian subjects.
The pharmacokinetics of pc-sob make it is worthwhile to further
investigate pc-soD in patients with diseases characterized by high
free radical overload.
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Table 1

Non-compartmental pharmacokinetic parameters in Japanese and Caucasian volunteers.

Japanese Caucasians | Caucasians
vs. Japanese
40m 80 160 8om Mean of
DoseParameter & e .
(N=6) (N=6) (N=6) (N=8) differencet
Mean (sp) |10.4 (1.3) 20.4 (2.0) 57.3(11.9) 18.4 (2.6)
Crmax 0.86
Median 10.0 21.1 54.9 18.2
(ug/mL) - : : . : (0.73-1.02)
(min-max) |(9.3-12.6) (17.7-22.9) (44.0-79.4) (14.3-23.0)
Mean (sp) |[24.7 4.3) 24.9 (3.5) 31.3(14.6) 26.1(11.2)
t% (hr) ~ 102
Mgdlan 25.3 25.5 25.3 23.0 ©.77-1.34)
(min-max) | (18.9-29.4) (21.1-30.5) (22.2-60.1) (14.7-48.1)
Mean (sp) |[167.4 (27.4) 143.9 (18.9) 119.4 (30.0) 167.9 (35.3)
Clearance : 0.86
(mL/hr) Me.d|an 169.2 153.9 121.4 173.4 (0.73-1.02)
(min-max) |(134.7-208.7) | (116.9-160.5) | (66.4-157.4) (123.3-219.0)
Mean (sp) |5.62(1.3M) 4.88 (0.55) 4.58 (0.58) 5.81 (2.38)
1.02
Vvd (L) Median
5.03 -
) 5.7 (3.9-7.0) 4.7 (4.3-5.7) 4.7 (3.8-5.4) (0.77-1.34)
(min-max) (3.73-10.74)
Mean (sb) | 244.4 (40.0) 564.6 (81.2) 1440.0 (493.7) | 496.3(108.3)
AUCo-co Medi 116
(ugahr/mL) e. ian 236.4 519.7 1318.5 461.4 GEE.5)
(min-max) |(191.6-297.0) (498.4-684.3) | (1016.7-2411.2) | (365.2-648.8)
Mean (sp) |25.1(6.4) 24.9(3.5) 30.7(12.2) 24.9(11.6)
Percent
’ i NA
extrapolation Mgdlan 271 25.5 25.5 21.9
(min-max) | (15.7-31.4) (21.1-30.5) (22.2-54.4) (8.1-44.6)

Crmax. Maximum observed serum drug concentration; t; /,, half-life; V4, volume of distribution; Aucg_, Auc from
time o to infinity; T 90%-confidence intervals between brackets.
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Table2 Comparison of the pharmacokinetic parameters of intravenous single-dose and multiple-dose
pc-sob administrations.

Percent extrapolation

Parameter Single dose pc-sop | Multiple dose Multiple dose
8omg pc-sop 8o mgdose |Pc-sobp 80 mgdose
(after first dose) (after last dose)
Crnax 20.4 (2.0 20.4 (1.4) 381 (2.1)
(hg/mL) 211 (17.7-22.9) 21.0 (18.0-21.8) 39.2 (35.2-39.9)
AUCO-24 Mean (sp) 281.5 (30.6) 253.9 (53.9) NA
(hrapg/ml) Median (min-max) | 283.6 (241.3-321.9) | 255.8 (170.7-321.5) | NA
Aucint Mean (sp) NA NA 649.7 (98.3)
(hrapg/mL) Median (min-max) | NA NA 673.8 (514.4-742.2)
Mean (sp) 564.6 (81.2) 411.8 (151.3) NA
AUC
0-00
(hrapg/mL) Median (min-max) | 236.4 (191.6-297.0) | 397.3(215.0-620.3) | NA
Mean (sp) 26.1(3.9) 37.0(12.6) 20.0 (4.4)

Median (min-max)

26.6(21.2-31.8)

36.8(22.0-51.3)

19.9 (14.5-25.5)

t7 Mean (sp) 24.9(3.5) 16.5(5.1) 56.8 (20.8)
(hours) Median (min-max) | 25.5 21.1-30.5) 16.2 (10.6-22.1) 58.3 (34.0-87.1)
Predicted Mean (sb) 2.0(0.2) NA NA
accumulation ratio,

Rpred Median (min-max) | 2.0 (1.8-2.2) NA NA
Observed Mean (sb) NA NA 2.6 (0.4)
accumulation ratio,

Robs Median (min-max) | NA NA 2.5(2.0-3.2)
Steady-state Mean (sp) NA NA 1.7 (0.6)
accumulation ratio,

Rss Median (min-max) | NA NA 1.7(1.0-2.4)

Crmax maximum observed serum drug concentration; to_g,, half-life; AUCq-5, area under the plasma drug
concentration versus time curve (auc) from time o to 24 hours; Aucjnt, Auc over 1 dosing interval during steady state;
AUCq_go, AUC from time o to infinity.
Rpred: Predicted accumulation ratio, defined as Aucq_q, divided by Aucq - 45 Robs, Observed accumulation ratio,
defined at Aucjnt on day 7 divided by Aucq, 4 on day 1; Rgg, steady-state accumulation ratio, defined as Aucint on day
7 of the multiple-dose cohort divided by Aucq_y, on day 1.
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Figure2 Serum pc-sobp concentration (mean) after repeated administration of 8o mg/day
intravenously for seven days in Japanese volunteers.
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