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Abstract

Purpose To assess the effect of tezosentan, a parenteral
dual ET receptor antagonist, on splanchnic and systemic
hemodynamics in patients with cirrhosis. In addition, the
safety, pharmacokinetics, and pharmacodynamics of tezo-
sentan were evaluated.
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Methods The population consisted of patients with cirrhosis
with clinically significant portal hypertension. This was a
randomized, double-blind, multicenter study. The patients
were randomized 3:1 to tezosentan (3 mg/h for 2-3 h) or
placebo. HVPG, hepatic blood flow (HBF, ICG method),
and systemic arterial pressures were measured before and
after tezosentan administration. Plasma concentrations of
tezosentan and ET-1 were determined peripherally and in
the hepatic vein.

Results Eighteen patients received tezosentan and six
placebo. Baseline clinical, biochemical, and hemodynamic
characteristics were balanced between the two groups.
There was no significant treatment effect on HVPG. The
extraction ratio (0.31), the plasma clearance of ICG
(280 ml/min), and the HBF (1,430 ml/min) did not show
any relevant changes during the infusion of tezosentan,
and there were no differences between placebo- and
tezosentan-treated patients. A linear relationship was
observed between the maximum-fold increase in ET-1
concentration and the steady-state tezosentan plasma
concentration (r=0.82). There was a strong correlation
(r=0.88) between plasma clearance of ICG and that of
tezosentan (10.2 1/h). Arterial pressure and heart rate did
not significantly change in either group.

Conclusion In patients with cirrhosis, a 2- to 3-h tezosentan
infusion was safe and well tolerated but did not change the
HVPG. Tezosentan infusion had no influence on the
extraction ratio and plasma clearance of ICG and did not
change HBF.
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Abbreviations

CL Clearance

E Extraction ratio
HBF Hepatic blood flow

HR Heart rate

HVPG Hepatic venous pressure gradient
ICG Indocyanine green

MAP  Mean arterial pressure

Introduction

In patients with cirrhosis, portal hypertension develops
as a consequence of both hyperdynamic circulation and
increased hepatic vascular resistance mediated by
several neurohormones, including endothelins [1, 2].
Endothelin is one of the most potent and long-lasting
vasoconstrictors isolated [3]. Endothelin-1, synthesized
predominantly by the vascular endothelium, is considered
one of the humoral factors modulating intrahepatic
vascular resistance and is, therefore, implicated in the
pathophysiology of portal hypertension [1]. Elevated
plasma concentrations of endothelin-1 and endothelin-3
have been found in patients with cirrhosis [4-9], which
may be the result of increased hepatic, splanchnic, and
renal production as well as decreased hepatic clearance.
Elevated endothelin-1 plasma and hepatic tissue concen-
trations correlate with the severity of cirrhosis and the
hepatic venous pressure gradient (HVPG) [6, 8]. Several
experimental studies have shown that oral administration
of bosentan, a dual ET, and ETy receptor antagonist,
significantly reduced the degree of portal hypertension in
cirrhotic rats [10—12]. The effects of this class of drugs
have, however, never been evaluated on the splanchnic
circulation in patients with cirrhosis and portal hyperten-
sion. Thus the aim of this investigation was to assess the
effects of tezosentan, a dual ET receptor antagonist
optimized for parenteral use [13], on splanchnic and
systemic hemodynamics in patients with cirrhosis. In
addition, the safety, pharmacokinetics, and pharmacody-
namics of tezosentan were evaluated in these patients.
Tezosentan was selected as model drug to explore the
concept of endothelin receptor antagonism because, in
comparison to bosentan, it shows low pharmacokinetic
variability, and steady-state conditions can be achieved
more rapidly. In healthy subjects, the plasma
concentration-time profile of tezosentan is characterized
by a pronounced and rapid disposition phase with a
half-life of 6 min followed by a slower phase with a
half-life of about 3 h [14]. Tezosentan is predominantly
excreted via the feces with less than 5% of an adminis-
tered radiolabeled dose of tezosentan recovered in urine
[15]
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Patients and methods
Patients

The population consisted of patients with cirrhosis with
clinically significant portal hypertension, i.e., HVPG
>12 mm Hg during the hemodynamic study. Cirrhosis
was proved by clinical, chemical, and ultrasonography or
histological criteria. Patients were expected to have
advanced cirrhosis but be in stable condition. Other
inclusion criteria were as follows: age between 18 and
70 years; serum bilirubin <6 mg/dl; supine systolic blood
pressure between 90 and 140 mm Hg; supine diastolic
blood pressure between 50 and 90 mm Hg; supine mean
arterial blood pressure greater than 70 mm Hg; hematology
and biochemistry tests within normal range of the ongoing
illness; abstained from alcohol consumption for at least
5 days prior to the study; stable concomitant medications;
and having given written informed consent. Exclusion
criteria were pregnancy; bacterial peritonitis; serum
creatinine >1.3 mg/dl; INR >2 or platelets count <50x
10° cells/L; hepatic encephalopathy (grade >1); para-
centesis within 5 days prior to the study; acute
gastrointestinal bleeding within 7 days prior to the study;
hepatocellular carcinoma; previous surgical or transjugular
portosystemic shunts; life expectancy less than 2 months;
participation in another clinical study during the month
prior to the screening examination; and concomitant
medications that may affect blood pressure including
beta-blockers, nitrates, angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, and vasopressors
as well as those that may affect the pharmacokinetics of
tezosentan such as cyclosporine A and tacrolimus.

Study design

This randomized, double-blind, multicenter study consisted
of screening, treatment, and follow-up periods. After
providing written informed consent, eligible patients were
enrolled into a screening period of less than 4 h in which a
medical history was taken and baseline values for clinical
laboratory tests, Child-Pugh score, HVPG, and plasma ET-1
levels were obtained. If after screening the patient remained
eligible, the patient was randomized 3:1 to tezosentan
(0.756 mg/ml), supplied by Actelion Pharmaceuticals, or
placebo (normal saline), and study treatment was to be
administered as a 3 mg/h continuous intravenous infusion
(4 ml/h) over 2-3 h (determined by approval by Ethics
Committee). A one-step down-titration to 1 mg/h or
permanent discontinuation of study treatment could occur
at any time for reasons of tolerability or safety. If, after
down-titration, the dose was well tolerated, it was to remain
at 1 mg/h until the treatment period was completed.
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Vital signs (blood pressure and heart rate) assessments,
measurement of occluded and free hepatic venous
pressures, and blood drawing for clinical laboratory were
performed periodically, and adverse events and concomitant
medication were monitored throughout the study (Fig. 1).
Blood sampling for tezosentan and ET-1 measurements was
performed at screening (ET-1 only), and at 0.25, 0.5, 1, 2,
3, 325, 4, 5, 6, and 7 h after start of the tezosentan
infusion. Indocyanine green in peripheral and hepatic vein
plasma was determined at screening and at 0.5, 1, 2, and
3 h after start of the tezosentan infusion.

The tezosentan dose of 3 mg/h was selected based on
experience in cirrhotic patients with tezosentan 0.2—
5.0 mg/h given for up to 2 days [16]. In patients with
advanced cirrhosis, doses of 0.2, 1, and 5 mg/h administered
over 2 days were well tolerated. Therefore, a dose of
3 mg/h was to be administered for 2-3 h in this study, a
period considered long enough for a proof-of-concept
study and at the same time feasible with respect to the
standard of care in this patient population.

Hemodynamics

Hemodynamic measurements were performed in fasting
conditions as previously described [17, 18]. Briefly,
patients were placed in a supine position for at least 4 h
before the study. Catheter was introduced into the right
jugular vein using the Seldinger technique under local
anesthesia and mild sedation. Under fluoroscopic control, a
5 F balloon-tipped catheter (Medi-Tech; Boston Scientific
Cork, Cork, Ireland) was advanced into the main right
hepatic vein for repeated measurements of occluded and
free hepatic venous pressures. HVPG was calculated as the
difference between occluded and free hepatic venous
pressures. All measurements were performed at least in
duplicate and repeated until two consecutive reliable

Fig. 1 Study design

measurements did not differ by more than 1 mm Hg. The
mean of these two measurements was considered the
final value.

Hepatic blood flow (HBF) was measured using the
indocyanine green (ICG) continuous infusion method [19,
20]. Peripheral and hepatic venous samples were drawn
simultaneously at 3-min intervals to allow measurement of
ICG clearance and extraction. At each available time point,
plasma ICG concentrations were determined in three
separate samples, and the mean of these three values (Cg)
was used in the calculations. The ICG extraction ratio was
calculated according to the following formula: (ICG
peripheral vein plasma concentration—ICG hepatic vein
plasma concentration) / (ICG peripheral vein plasma
concentration). The plasma clearance of ICG (CLpjasma)
was determined as infusion rate/Cg; the blood clearance
(CLbiood) as CLpjasma/(1—Ht), where Ht is the hematocrit
measured before the start of drug infusion; and the HBF as
CLp100a/ICG extraction ratio.

Arterial pressure and heart rate were measured using an
external sphygmomanometer (Dinamap, Critikon, Tampa,
FL). Mean arterial pressure (MAP) was calculated using
the following formula: MAP=[systolic arterial pressure+
(2xdiastolic arterial pressure)]/3.

Pharmacokinetics and pharmacodynamics

Plasma samples were collected for determination of
pharmacokinetic (including the hepatic extraction ratio)
and pharmacodynamic (reflected in increases in ET-1
levels) characteristics of tezosentan. Pharmacokinetic
evaluations were performed noncompartmentally using
WinNonlin version 4.0.1 (Pharsight, Mountain View,
CA). C,, the steady-state concentration, was determined
as the mean of the two concentration values determined
immediately before discontinuation of the drug infusion.
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CL, the systemic clearance, was estimated by CL = dose/
AUC,_, in which the latter is the area under the plasma
concentration-time curve from time point zero to the last
sampling time with a concentration above the limit of
quantification, calculated according to the linear trapezoi-
dal rule. The extraction ratio of tezosentan was deter-
mined as (peripheral vein plasma concentration—hepatic
vein plasma concentration) / (peripheral vein plasma
concentration). For ET-1 the maximum increase in
plasma concentration as compared to the ET-1 concen-
tration before the start of drug infusion was calculated.
The ET-1 extraction ratio was determined as for
tezosentan.

Bioanalytical assessments

Blood samples were collected in EDTA-containing tubes.
Samples were immediately centrifuged at 2—8°C for 30 min
and stored at —80°C pending analysis by a central
laboratory. Samples were shipped on dry-ice which had
been shown previously not to affect their stability.

Quantification of tezosentan in plasma samples was
performed by liquid chromatography coupled to tandem
mass spectrometry (LC-MS/MS) operating in the positive
ionization mode [21]. The lower limit of quantification was
0.25 ng/ml. The inter-assay accuracy ranged from 99.4 to
100.6%, whereas imprecision was <5.0%.

Plasma concentrations of ET-1 were determined with a
commercially available luminescence immunoassay kit
(QET00, R&D Systems Europe, Oxon, UK). The lower
limit of quantification was 0.32 pg/ml. Imprecision of the
assay ranged between 2.5 and 9.9%.

Plasma concentrations of ICG were determined by high
performance liquid chromatography with ultraviolet
detection, based on a method described previously [22].
The lower limit of quantification was 100 ng/ml. The inter-
assay accuracy ranged from 108.4 to 113.1%, whereas
imprecision was <6.1%.

Safety

Blood pressure, heart rate, standard hematology, and
biochemistry laboratory parameters were assessed periodi-
cally, and adverse events and concomitant medication were
monitored throughout the study.

In patients with persistent hypotension (a decrease in
supine mean blood pressure by >30% or below 65 mm Hg)
at 4 h after discontinuation of study treatment, hourly
measurements of blood pressure were continued until blood
pressure returned to baseline + 10%.

After the treatment stop, patients were followed for 24 h
for overall safety and up to 28 days for serious adverse
events and deaths.
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Statistical analysis

The sample size of this study was based on empirical
considerations, and no formal hypotheses were set.
Exploratory treatment comparisons were performed with-
out multiplicity correction. For continuous endpoints, the
t-test and the Wilcoxon Mann-Whitney were carried out.
HVPG response rates were analyzed using the two-sided
Fisher exact test. Several correlations between pharmaco-
kinetic and pharmacodynamic variables were explored. In
each of these analyses, linear regression lines with their
95% confidence intervals and the Pearson correlation
coefficient, r, with its associated p-value were determined.

Results

Twenty-four patients were randomized, 18 to receive
tezosentan and 6 placebo. All patients received study
treatment and completed the study.

Baseline demographic, clinical, and biochemical charac-
teristics (Table 1) as well as hemodynamic values (Table 2)
were balanced between the two studied groups.

Hemodynamics

HVPG decreased in some patients (Fig. 2), but the mean
value did not change to a relevant extent in either group
(Table 2). Accordingly, there was no significant treatment
effect.

The extraction ratio, the plasma clearance of ICG, and
HBF did not show any relevant changes during the
infusion of tezosentan, and there were no changes
between placebo- and tezosentan-treated patients (Table 3).
At the end of the tezosentan infusion, the correlation
between HBF and ICG was significant (r=0.90, p<0.05).

Arterial pressure and heart rate did not significantly
change in either group (Table 4).

Pharmacokinetics and pharmacodynamics of tezosentan

The mean tezosentan plasma concentration-time profile in
patients receiving either a 2- or 3-h infusion is presented in
Fig. 3. The geometric mean values (95% CI) of the derived
pharmacokinetic parameters were as follows: Cy 268 (189,
379) ng/ml; AUC, , 627 (439, 894), and CL 10.2 (7.3,
14.1) I/h. The arithmetic mean value (SD) for the
tezosentan extraction ratio was 0.28 (0.16). The
concentration-time profiles indicate that in most but not
all patients steady-state conditions were approached at
discontinuation of the drug infusion. After termination of
the infusion, the concentrations declined rapidly following
a biphasic profile. The plasma ET-1 concentration-time
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Table 1 Main demographic,
clinical, and biochemical

Tezosentan (n=18) Placebo (n=6)

variables (mean + S.D.) at
baseline Age (years)

Gender (n males; %)
Causes of cirrhosis
Alcohol (n; %)

Viral (n; %)
Cryptogenic (n; %)
Child-Pugh score
Total bilirubin (mg/dl)
Albumin (g/dl)

Prothrombin time (INR)

Aspartate aminotransferase (IU/ml)

Alanine aminotransferase (IU/ml)
Hemoglobin (g/dl)

52.847.5 52.2410.8
13 (72) 4 (67)

8 (44) 3 (50)

9 (50) 3 (50)

1.(6)

7.6%2.5 (n=15) 7.842.5 (n=5)

35.2424.9 (n=17)
29.5+7.4 (n=17)
1.3940.38 (n=17)
47+26 (n=13)
45+42 (n=17)
11.941.9 (n=18)

34.8428.5 (n1=6)
29.845.4 (n=6)
1.37+0.25 (n=5)
51428 (n=5)
47434 (n=6)
10.742.5 (n=6)

profile in patients treated with tezosentan was very similar
to that of tezosentan whereas the patients receiving placebo
showed no ET-1 response. The maximum plasma ET-1
concentration was only reached towards the end of the
infusion, suggesting that steady-state conditions had not yet
been attained. Upon discontinuation of the tezosentan
infusion, ET-1 concentrations quickly decreased, albeit in
a slightly slower fashion than concentrations of tezosentan
itself. The descriptive statistics of the derived ET-1
parameters—maximum-fold increase in ET-1 concentration
as compared to baseline and the extraction ratio—are
shown in Table 5.

Significant but not very strong correlations were found
between total bilirubin concentration and tezosentan
exposure, i.e., area under the plasma concentration-time
curve (r=0.5-0.6) and between pairs of extraction ratios of
tezosentan, ET-1, and ICG (#=0.4). A linear relationship
was observed between the maximum-fold increase in ET-1
concentration and the steady-state plasma tezosentan
concentration (»=0.82, p<0.05; Fig. 4). A significant
correlation was also found between the plasma clearance
of ICG and that of tezosentan (»=0.88, p<0.05). There was
no correlation between the baseline hepatic blood flow and
HVPG (=0.17).

Table 2 Hepatic venous pressure gradient (HVPG) values (mean +
S.E.M.) after tezosentan (n=18) or placebo (n=6) administration

Baseline 30 min 1h 2h
Tezosentan
HVPG (mm Hg) 19.2+1.1 19.0+0.8 18.6+1.0 18.3+0.8
Placebo
HVPG (mm Hg)  18.6+0.7 17.5+1.2 17.5+1.6 17.2£2.0

There were no significant differences between groups

Safety

A 2- or 3-h infusion of tezosentan 3 mg/h was well tolerated
with no indications for a safety concern. No patient
experienced hypotension that required down-titration or
premature discontinuation (main safety endpoint). Mean
decreases in blood pressures were observed in both

35 Placebo patients
30
25
20

15

HPVG (mmHg)

10

0 1 2 3
Time after infusion start (h)

Tezosentan patients

HPVG (mmHg)

2
Time after infusion start (h)

Fig. 2 Individual changes in HVPG in patients receiving tezosentan
or placebo. Open squares Responders, closed circles nonresponders
(response: HVPG decrease of 20% from baseline or to<12 mm Hg at
the end of treatment)
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Table 3 ICG extraction (E),

clearance (CL), and hepatic Baseline 20 min 50 min 1 h 50 min
blood flow (HBF) values

(mean + S.E.M.) after Tezosentan

tezosentan (n=16) or placebo E (%) 33+4 32+4 31+£5 28+4
(n=6) administration CL (ml/min)  295+73 288474 282476 266+71

HBF (I/min)

1.31£0.27 (n=14)

1294026 (n=15)  1.36£0.31 (n=14)  1.39+0.33 (n=13)

Placebo

E (%) 27+6 2446 2745 28+7

CL (ml/min) 253+48 271+£60 258+62 207+33
There were no significant HBF (I/min) 1.70+0.47 2.03+0.58 1.66+0.49 1.25+0.29 (n=5)
differences between groups
treatment groups during treatment (changes in MAP at  Discussion

2 h of -4.7£10.8 and —1.7£6.5 mm Hg in tezosentan
and placebo group, respectively) as well as over the
subsequent 4 h (—7.3+12 and —8.7+8.5 mm Hg in
tezosentan and placebo group, respectively). Changes in
pulse rate were small. Very little change was observed in
Child-Pugh score. Child-Pugh class worsened in two
tezosentan-treated patients because of small changes in
albumin and bilirubin. Adverse events were experienced
by 27.8 and 16.7% of tezosentan- and placebo-treated
patients, respectively. The events reported for tezosentan-
treated patients were headache, collapsed vein, and
anxiety, occurring during the infusion, and nausea and
renal impairment, reported during the 24 h following the
end of treatment. Renal function impairment was
secondary to renal calculi and returned to normal
following surgical management. None of the events were
severe or serious, none required a change in study
treatment, and all events were resolved at the end of the
study. A mild mean increase in serum total bilirubin was
observed in the tezosentan-treated group (mean 6.0+
10.7 pumol/l); no patient had a marked bilirubin increase.
Other changes in clinical laboratory test results were
minimal or not considered clinically relevant.

Table 4 Heart rate (HR) and mean arterial pressure (MAP) values
(mean + S.E.M.) after tezosentan (n=18) or placebo (n=06)
administration

Baseline 30 min lh 2 h
Tezosentan
HR (beats/min) 78+3 7943 81+3 81+4
MAP (mm Hg) 88+3 87+3 85+3 83+3
Placebo
HR (beats/min) 76+7 73+6 73+5 7145
MAP (mm Hg) 84+5 80+7 80+7 8345

There were no significant differences between groups
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In this study, tezosentan 3 mg/h infused for 2 or 3 h proved
safe and tolerable in patients with cirrhosis and portal
hypertension but did not show a significant effect on the
degree of portal hypertension estimated by the HVPG
compared with placebo. In the patients studied, HVPG
decreased in both treatment groups at all time points
assessed. No consistent effect on HVPG was observed. In
spite of the small number of patients, the variability was
higher than expected based on published data [23]. When
results were analyzed by center, it appeared that a greater
decrease in HVPG was obtained with tezosentan than
placebo at the center with the largest enrollment. The study
was not powered to determine efficacy, and all testing of
treatment effect was exploratory. A larger proportion of
patients in the tezosentan than placebo group showed a
response (i.e., >20% decrease from baseline HVPG or an
HVPG <12 mm Hg), but the difference was small.

In patients with cirrhosis, the lack of splanchnic
hemodynamic effects of tezosentan is unclear. This is in
contrast to observations in cirrhotic rats in which bosentan,
another dual ET, and ETy receptor antagonist, significantly
reduced the degree of portal hypertension [10, 11]. Certain

1000 1
—— 2-hour infusion (< 11%)

-~ 3-hour infusion (n = 5)

100

* Not all patients had a measurement
at each time point.

1

Tezosentan concentration (ng/ml)

0 1 2 3 4 5 6 7
Time after infusion start (h)

Fig. 3 Mean tezosentan concentration-time profiles in patients
receiving a 2- or 3-h infusion (semilogarithmic scale)
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Table 5 Descriptive statistics of endothelin-1 parameters

Treatment Placebo Tezosentan

Maximum-fold increase compared to baseline E Maximum-fold increase compared to baseline E
Number 6 6 16 15
Arithmetic mean 1.5 0.29 5.0 0.21
SD 0.34 0.16 2.3 0.23
Min 1.1 0.11 1.9 —-0.08
Median 1.6 0.27 4.7 0.22
Max 2.1 0.47 10.1 0.82
CV% 22 55 46 108
Geometric mean 1.5 0.25 4.5 NC
95% CI 1.2t0 1.9 0.13 to 0.47 35t05.8 NC

CI Confidence interval, CV coefficient of variation, E extraction ratio, NC not calculated because one or more values were below 0, SD standard

deviation

comments, however, can be made. The evaluation of portal
hypertension differs between patients with cirrhosis and
cirrhotic rats. In patients, the degree of portal hypertension
was estimated by the HVPG, while in rats it was directly
measured in the portal vein, and it is known that, after drug
administration, measurement of the HVPG may not provide
a reliable estimation of the changes in portal pressure [24].
In addition, a slight decrease in hepatic vascular resistance
may induce an elevation of portal blood flow, which may
result in an absence of change in portal hypertension. The
lack of significant change in hepatic blood flow following
tezosentan administration does not contradict this hypoth-
esis since hepatic blood flow depends on both hepatic
arterial and portal blood flows. It is also possible that the
dose of tezosentan was too low to induce a reduction of
hepatic vascular resistance or the treatment duration was
too short to have an effect on the splanchnic circulation.

12.54

10.0 L

N
o
L

ET-1 (fold increase)
[$)]
)

I
o
L

0.0 T T T T T T !
0 100 200 300 400 500 600 700
Css tezosentan (ng/ml)

Fig. 4 Correlation between the steady-state concentration (Cgg) of
tezosentan and the maximum-fold increase in endothelin (ET)-1

Nevertheless, in this investigation performed in patients
with cirrhosis, tezosentan administration had no or only
minor effects on the splanchnic and systemic circulation.
The concentration-time profiles of tezosentan in this
study indicate that steady-state conditions had not yet been
completely attained within 2-3 h. This is in accordance
with data suggesting that in cirrhotic patients it takes
approximately 6 h before attainment of steady-state
conditions [16]. However, since steady-state conditions
were approached, it is unlikely that this explains the lack
of therapeutic effect in this study. Infusions of longer
duration were considered questionable from an ethical point
of view. The clearance of tezosentan in this study was
approximately 10 1/h, similar to the value obtained in the
previous study on cirrhotic patients [16]. The extraction
ratio of tezosentan was approximately 0.28. This confirms
extraction of tezosentan from the systemic circulation on
passage through the liver. On the basis of this extraction
ratio, the systemic clearance of tezosentan determined in
this study (10 I/h), and the hematocrit value measured
(mean of 0.36 at baseline in 18 patients on tezosentan),
HBF was estimated to be 930 ml/min, which is slightly
lower than the overall value of 1,340 ml/min as determined
with the ICG-clearance method in this same study. It has
previously been shown that the level of bilirubin is
associated with the clearance of tezosentan, probably
because both substrates, being di-anions, make use of
MRP2 (also called ¢cMOAT), an ATP-binding cassette
transporter, for excretion into the bile [25]. In this study,
the correlations between exposure to tezosentan and
bilirubin levels were not very strong, probably due to the
fact that the range of bilirubin levels covered was limited.
Patients with bilirubin levels>100 pmol/l (> 6 mg/dl)
were not allowed to enter the study. Bilirubin levels
differed somewhat between the start and end of the
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infusion, which may be due to competition between
tezosentan and bilirubin for bile excretion. In patients
with cirrhosis, therefore, bilirubin levels may be increased
during tezosentan infusion.

Infusion of tezosentan at a rate of 3.0 mg/h resulted in a
mean increase in ET-1 plasma concentrations of 5.0-fold,
compared with 1.5-fold with placebo. Healthy subjects who
were administered tezosentan at 2.5 mg/h showed a 2.2-fold
increase in ET-1 [26]. This difference between healthy
subjects and cirrhotic patients is in accordance with the
higher exposure to tezosentan in the latter. The maximum-
fold ET-1 increase and the steady-state plasma tezosentan
concentration showed a linear relationship. The mean
extraction ratio of ET-1 in tezosentan-treated patients was
0.21, which indicates that ET-1 is extracted by the liver
from the systemic circulation. The clearance of ET-1
determined via a radiotracer technique has been shown to
be approximately 4.6 l/min [27], which is considerably
greater than liver blood flow (1.5 I/min) and approaches
total cardiac output (6.0 1/min). The lung has been
suggested as the major site of ET-1 clearance since it is
able to remove over 40% of the ET-1 presented to it [28].
The results of the present study indicate that, at least in the
presence of tezosentan, the liver contributes to ET-1
elimination. Whether or not ETg receptors in the liver
represent a high-capacity/clearance site for circulating ET-1
is unknown [28]. In rats, inhibition of both ET, and ETg
receptors by bosentan has been shown to increase the
plasma half-life of ET-1 and to shift tissue uptake from lung
to liver and kidneys [29].

The clearance of ICG and HBF were estimated on the
basis of the ICG infusion method, which is considered the
gold standard [19, 20]. ICG, a tricarbocyanine dye, is an
anionic model compound widely used for studying liver
transport. In healthy subjects, its extraction ratio is
thought to be greater than 0.7 [19]. In patients with liver
disease, the ICG extraction ratio may be considerably lower
than in healthy subjects, and it is not valid to equate ICG
clearance directly with liver blood flow [19]. Therefore, in
this study the extraction ratio of ICG was also determined.
Steady-state conditions had been attained before peripheral
and hepatic vein samples were taken. An equilibration
period of 45 min has previously been shown to be sufficient
to reach steady-state conditions [20]. Attainment of
steady-state conditions avoided the need to apply a
pharmacokinetic model to the plasma ICG concentration-
time data [19]. To reduce variability, paired samples were
taken at S5-min intervals. A selective high performance
liquid chromatography method was used to determine
plasma ICG concentrations. This method avoids possible
perturbations due to the presence of ICG metabolites or
impurities, which may lead to bias when nonspecific
spectrophotometric assays are used [30, 31]. The extraction
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ratio of ICG measured in this study (0.31 at baseline, n=22)
is in close accordance with values of 0.30 determined by
Navasa et al. [32] in 26 cirrhotic patients and of 0.26
determined by Gadano et al. [20] in 356 patients with
chronic liver disease. The average plasma clearance of ICG
at baseline (n=22) was approximately 280 ml/min as
compared with values of 210 ml/min (n=26) and
182 ml/min (n=356) obtained by Navasa et al. [32] and
Gadano et al. [20], respectively. The fact that patients with
severe disease, at least with respect to bilirubin levels, were
excluded may explain the higher values in the present
study. The range of values obtained was 20-fold. Similar to
the ICG extraction ratio profile, the mean plasma clearance
of ICG did not show a pattern that would suggest a
distinction between the patients treated with tezosentan and
placebo. The correlation between the plasma clearance of
ICG and that of tezosentan was markedly stronger than for
the respective extraction ratios. These data suggest that
similar mechanisms are responsible for the elimination of
ICG and tezosentan, in line with the fact that both
compounds are di-anions. The liver blood flow, HBF, is
determined as a ratio of clearance and the extraction ratio of
ICG, and, therefore, is prone to variability. Overall, no
effect of tezosentan on HBF was detected in this study.
The average value in this study (1,430 ml/min at baseline,
n=20) is very similar to that obtained in a large sample of
cirrhotic patients (1,260 ml/min, n=356) and does not differ
significantly from the value in healthy subjects (circa
1,200 ml/min for a 70-kg person) [31]. A relatively strong
correlation was observed between HBF and ICG clearance.
A large sample of 356 cirrhotic patients showed no
significant correlation between these variables, in contrast
to controls (healthy subjects) and patients with hepatic
fibrosis [20]. It has been stated previously [20] that the
relationship between liver lesions and HBF is not clear,
which has led some authors to conclude that assessment of
HBF does not provide any useful information in the
evaluation of patients with cirrhosis. Actually, hepatic
ICG clearance appeared to be more useful than HBF to
assess the severity of liver disease [20]. These findings
were also obtained in the present study, albeit with a much
lower patient number. It also appears from this study that
plasma clearance of ICG is a more useful variable than its
extraction ratio and the derived HBF. In a 356-patient study,
no correlation was observed between HBF and age, type
of cirrhosis, severity of the disease as evaluated by the
Child-Pugh score, the degree of portal hypertension, or
other hemodynamic variables [20]. Findings of the present
study were similar.

In conclusion, in patients with portal hypertension
secondary to cirrhosis, a 2- or 3-h tezosentan infusion was
safe and well tolerated but did not reduce the HVPG. The
increase in plasma ET-1 concentration correlated with
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tezosentan exposure. Tezosentan infusion had no influence
on the extraction ratio and plasma clearance of ICG and did
not change HBF.
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