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Abstract

Background The renin-angiotensin system plays an
important role in hepatic fibrosis and portal hypertension.
We evaluated the long-term effects of olmesartan, an
angiotensin type 1 (ATI1) receptor blocker, on hemody-
namics and liver fibrosis.

Methods Forty-eight selected patients with cirrhosis were
randomly divided into two groups of 24 patients each,
those who received and those who did not receive olme-
sartan treatment for 1 year. Hepatic hemodynamic studies,
and measurements of transforming growth factor-betal
(TGF-betal) and blood markers of hepatic fibrosis,
including serum hyaluronic acid (HA), type IV collagen,
and procollagen III N-terminal propeptide levels, were also
performed at the beginning and end of the study.

Results The median dose of the final drug administration
was 20 mg (range 10-40 mg). Olmesartan reduced the
hepatic venous pressure gradient (HVPG) by —12.9 £+ 9.1%
(p = 0.035) after 1 year. No significant changes were seen in
controls. Six of the 24 patients (25%) in the olmesartan group
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showed a >20% reduction of HVPG from baseline values.
TGF-betal was significantly decreased in patients who
received olmesartan (7.0 £ 8.2 vs. 3.1 + 1.6 ng/mL,
p = 0.046) but there was no decrease in the controls.
A significant trend was shown by correlating HA and
TGF-betal variations in cirrhosis patients (p = 0.018,
r = 0.377). Fibrosis markers were unchanged at the end of
the study in both groups.

Conclusions Olmesartan induced a mild reduction of
portal pressure and TGF-betal for 1 year, but did not
suppress hepatic fibrosis markers.
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Abbreviations

TGF-betal Transforming growth factor-betal
ATl Angiotensin type 1

HA Hyaluronic acid

HVPG Hepatic venous pressure gradient
Ang II Angiotensin II

RAS Renin-angiotensin system

HSC Hepatic stellate cell

NASH Nonalcoholic steatohepatitis

ARB Angiotensin receptor blocker

PIIINP Procollagen III N-terminal propeptide
MAP Mean arterial pressure

ELISA Enzyme-linked immunosorbent assay
HABP Hyaluronic acid binding protein

RIA Radioimmunoassay

EIA Enzyme immunoassay

WHVP Wedged hepatic venous pressure
FHVP Free hepatic vein pressure

NSBB Nonselective beta-blocker
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Introduction

Angiotensin II (Ang II), the main peptide of the renin—
angiotensin system (RAS) regulates cell growth, inflam-
mation, and fibrosis, and contributes to the progression of
injury of various organs through angiotensin type 1
(AT1) receptors [1]. The profibrogenic effect of Ang II is
associated with an increased concentration of transform-
ing growth factor-betal (TGF-betal) [2]. Induction of
TGF-betal by Ang II stimulates the synthesis of matrix
proteins, inhibits matrix degradation, and enhances the
expression of integration that facilitates matrix assembly
[3].

In the liver, the RAS is also involved in chronic
inflammation and fibrosis. TGF-betal produced from
Kupffer cells and infiltrating inflammatory cells activates
hepatic stellate cells (HSCs) [4]. ATl receptors are
expressed on activated HSCs, and Ang II enhances hepatic
fibrosis through the production of TGF-betal in animal
models [1]. Previous studies have suggested that RAS
inhibitors might diminish the progression of fibrosis in
patients with noncirrhotic hepatitis C and nonalcoholic
steatohepatitis (NASH) [5, 6].

Recently, Debernardi-Venon et al. [7] reported that, in
selected cirrhotic patients, the ATl receptor antagonist
candesartan cilexetil (candesartan) was effective in
reducing portal pressure and liver fibrosis markers after
1 year. In their study, the hepatic venous pressure gra-
dient (HVPG) decreased significantly in patients treated
with a different ATI1 receptor antagonist, olmesartan
(—8.4 £ 2.4%), with a reduction of >20% in 25% of the
treated patients vs. 5.6 & 2.9% in the untreated patients.
Of note, in candesartan-treated patients, hyaluronic acid
(HA) levels were decreased significantly, but only in
those in whom HVPG was reduced. However, in other
studies of candesartan, TGF-betal, which is a key cyto-
kine for liver fibrosis, was not significantly decreased,
although angiotensin receptor blockers (ARBs) signifi-
cantly attenuate tissue fibrosis by suppressing TGF-betal
mRNA [8-11].

Olmesartan medoxomil (olmesartan) is a comparatively
new ARB [12], and the active metabolite olmesartan has
been demonstrated to be a potent, selective ARB [13].
Oparil et al. [13] reported that olmesartan was more
effective than the other ARBs tested in reducing cuff dia-
stolic blood pressure in patients with essential hypertension
in a multicenter, randomized, double-blind trial. Therefore,
this agent may possibly elicit a better outcome for portal
hypertension and antifibrosis than the other ARBs. The aim
of the present study was to investigate the effect of olme-
sartan on portal pressure and liver fibrosis in patients with
cirrhosis.

Patients, materials, and methods
Patients

A prospective randomized study was conducted in
patients with either biopsy-proven liver cirrhosis, or
clinically evident liver cirrhosis, who were recruited
from the Kitasato University East Hospital, Sagamihara,
Japan. Forty-eight selected patients with cirrhosis were
randomly divided into two groups of 24 patients each,
those who received and those who did not receive
olmesartan treatment for 1 year. The final protocol was
approved by the Ethics Committee of the Kitasato Uni-
versity of Sagamihara, Japan (C-Ethics Committee, ID
07-365). The study was conducted following the princi-
ples of the Declaration of Helsinki. After providing
written informed consent, patients with the following
inclusion criteria, and none of the exclusion criteria,
agreed to participate in the study, from May 2007 to
October 2008.

The inclusion criteria were: (1) age between 18 and
75 years; (2) proven liver cirrhosis with a diagnosis based
on histology or unequivocal clinical, sonographic, and
laboratory findings; (3) if the etiology of the cirrhosis was
alcoholic , the patient had to have abstained from alcohol
for >3 months prior to the start of the study; (4) Child-
Pugh score <9; and (5) absent or small esophageal varices.
The exclusion criteria were: (1) mean arterial pressure
(MAP) <60 mmHg; (2) ARB intolerance; (3) current
treatment with an ARB, angiotensin-converting enzyme
inhibitors, or beta-blockers; (4) hypertrophic cardiomyop-
athy or renal arterial stenosis; (5) serum creatinine
>1.6 mg/dL; (6) hyperkalemia, defined as plasma potas-
sium >5.5 meq/L; (7) hepatocellular carcinoma; and (8)
portal venous thrombosis. Treatment with furosemide was
allowed in order to check for ascites throughout the study
period if necessary.

Study protocol

Patients were randomized to receive either olmesartan
(Olmetec; Daiichi-Sankyo, Tokyo, Japan) or not. The
starting dose of olmesartan was 10 mg daily, in the
morning, and the dose was increased in a stepwise fashion
according to the manufacturer’s recommendations (e.g.,
from 10 to 20 then to 40 mg) at 2-week intervals up to the
maximum dose of 40 mg daily, if tolerated, as long as the
systolic blood pressure did not decrease below 90 mmHg,
because 40 mg daily is recommended as the maximum
daily dose in the general patient population [12]. Once the
maintenance dose was reached, treatment was maintained
for 48 weeks.
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All patients underwent bi-weekly clinical check-ups
until the end of the study. Serum biochemistry and blood
pressure were monitored at the beginning of the study
regimen and every 4 weeks thereafter. Hepatic hemody-
namic studies, endoscopic examinations, and measure-
ments of the levels of TGF-betal, and blood markers for
hepatic fibrosis, including serum HA, type IV collagen, and
procollagen III N-terminal propeptide (PIIINP), were also
performed at the beginning and at the end of the study. The
occurrence of severe orthostatic symptoms together with
severe arterial hypotension, defined as MAP <60 mmHg
during the treatment, was considered a severe side effect
that required withdrawal of the medication.

TGF-betal and blood markers of hepatic fibrosis

Platelet-poor plasma was prepared using collecting tubes for
platelet factor 4 (SRL, Tokyo, Japan). Venous blood from the
subjects was immediately transferred to a siliconized centri-
fuge tube containing 0.275 mL of a mixture of the following
reagents: 2.7 g/L. theophylline, 1.0 g/L adenosine, 0.1 g/L
dipyridamole, 24 g/L trisodium citrate dehydrate, and 5.8 g/L
citric acid monohydrate. The tubes were centrifuged
(2000g for 30 min at 4°C) and the top 0.6 mL of the platelet-
poor plasma was carefully removed and stored at —33°C until
analysis. After the acid—ethanol extraction of TGF-betal
from platelet-poor plasma, the TGF-betal concentration was
measured with an enzyme-linked immunosorbent assay
(ELISA) kit that uses chicken anti-human TGF-betal anti-
body as a solid-phase primary antibody and rabbit anti-human
TGF-betal antibody as a second antibody (TGF-betal ELISA
system; Amersham, Tokyo, Japan) [14, 15].

Serum HA concentration was determined by an enzyme-
linked binding protein assay. The assay uses microwells
coated with a highly specific HA binding protein (HABP)
from bovine cartilage to capture HA, and an enzyme-
conjugated version of HABP; the assay is carried out with a
commercially available ELISA-type test kit (LPIA Ace
HA; Fujirebo., Tokyo, Japan). The serum PIIINP concen-
tration was measured with a commercial radioimmunoas-
say (RIA) kit (RIA-gnost PIIINP kit; Hoechst, Tokyo,
Japan). The concentrations of the 7S fragment (7S colla-
gen) and of the central triple-helix (IV collagen) of type IV
collagen in serum were measured with a type IV collagen
7S domain RIA kit (Nippon DPC, Chiba, Japan) and a type
IV collagen enzyme immunoassay (EIA) kit (Panassay IV-C;
Fuji Chemical Industries, Takaoka, Japan), respectively.

Hepatic hemodynamic study
Portal venous pressure was assessed by hepatic vein cath-

eterization. Under fluoroscopic control, a balloon catheter
(5F, 8.5 mm, Meditech; Boston Scientific, Watertown,
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MA, USA) was inserted into a branch of the hepatic vein
for manometry. HVPG was calculated as the occluded,
wedged hepatic venous pressure (WHVP) minus the un-
occluded free hepatic vein pressure (FHVP). The final
value of HVPG measurements was the mean of at least two
determinations [16]. The hemodynamic study and tracings
analysis were performed by two different radiologists who
were blinded to the clinical features of the patients and to
the type of treatment.

Endoscopic findings

Endoscopic findings of esophageal varices were evaluated
according to the grading system outlined in “The general
rules for recording endoscopic findings of esophageal
varices (2nd edition)” prepared by the Japanese Research
Committee on Portal Hypertension [17]. The form (F) of
the varices was classified as small, straight (F1), enlarged
tortuous (F2), and large, coiled-shaped (F3).

Sample size calculation and randomization

We set up the primary endpoint as a reduction rate of
HVPG of more than 20% of baseline values after 1 year
because, in a previous study, we had estimated a reduction
rate of 33% in the olmesartan group and a rate of 10% in
the control group [18]. At least a 10% failure rate in both
groups was estimated previously. On the basis of this 23%
difference in 1 year, a minimum sample size of 22 per
group would provide 80% power with a 2-sided type 1
error of 0.05 for significance. Randomization was done
by computer and the results were kept in consecutively
numbered see-through envelopes, and the sequence was
concealed until treatment was assigned.

Statistical analysis

All data are presented as means =+ SD. A paired or nonpaired
Student’s r-test was used to assess the significance of com-
parisons of normally distributed data, and the Mann—Whitney
U-test or the Wilcoxon test was used for non-normally dis-
tributed data. Correlation among variables was analyzed by
Pearson correlation. All p values were two-tailed. A value of
p < 0.05 was considered to indicate a statistically significant
difference. Statistical analysis was performed with the statis-
tical package SPSS Base 17.0 J for Windows (Microsoft).

Results
Between May 2007 and October 2008, a total of 57 patients

with early liver cirrhosis were referred for possible ran-
domization after screening (Fig. 1). In all, 9 patients were
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Fig. 1 Flow diagram of study
recruitment and follow-up.
NSBB nonselective beta-
blocker, HCC hepatocellular
carcinoma, PVT portal venous
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—
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thrombosis

' Randomization (n = 48) |

Combined with HCC (n = 3)

Combined with PVT (n = 2)

Olmesartan (n = 24)
Intention-to-treat analysis

Control (n = 24)
Intention-to-treat analysis

l

l

Patient choice (n = 1)

Lost to follow-up (n=0)
Discontinued intervention (n = 2)
Symptomatic hypotension (n = 1)

Lost to follow-up (n = 0)
Discontinued intervention (n = 1)
Patient choice (n= 1)

Table 1 Patient baseline clinical, biochemical, and hemodynamic
characteristics

Variable Olmesartan Control p value
Patients n=24 n=24
Age (years) 634 £95 66.1 £ 6.9 0.62
Sex (M/F) 14/10 11/13 0.47
Etiology
Alcohol 5 4 0.71
HBV 3 0.30
HCV 10 17 0.09
Others 6 2 0.13
Child-Pugh class (A/B) 20/4 20/4 1
HVPG (mmHg) 159 £ 3.4 16.0 £ 2.3 0.93
MAP (mmHg) 98.7 £ 11.5 929 £ 165 0.43
Ascites (yes/no) 4/20 4/20 1
Esophageal varices 9/15 11/13 0.64

(absent/F1)

HBYV hepatitis B virus, HCV hepatitis C virus, HVPG hepatic venous
pressure gradient, MAP mean arterial pressure

excluded from randomization. Four patients were treated
with nonselective beta-blockers (NSBBs). Three patients
were confirmed to have hepatocellular carcinoma. Fur-
thermore, 2 patients were confirmed to have had portal
venous thrombosis.

A total of 48 patients were randomized: 24 patients in
the olmesartan arm and 24 patients in the control arm. The
main characteristics of these patients are summarized in
Table 1. There were no significant differences between
patients randomized to the olmesartan group or the control
in any parameter.

The therapy was well accepted and tolerated. However,
1 patient in the olmesartan group did not complete the study
because of hypotension, and 1 patient from each group

withdrew after we had received written informed consent.
Thus, the final analysis included 22 patients receiving
olmesartan and 23 controls. The median maximum
administration dose of olmesartan was 20 mg; therefore,
5 patients were treated with a maintenance dose of 40 mg,
8 patients with 20 mg, and 9 patients with 10 mg.

Systemic and hepatic hemodynamics

Olmesartan reduced MAP by —9.8 £ 13.7% (p = 0.008)
and HVPG by —12.9 £ 9.1% (p = 0.035) after 1 year.
However, no significant changes were seen in these
parameters in the controls (Table 2; Fig. 2). On intention-
to-treat analysis, 6 of the 24 patients (25%) in the olme-
sartan group showed >20% reduction of HVPG from
baseline values. Furthermore, 10 of the 24 (42%) patients
showed between 10 and 20% reduction, while 8 of the 24
(33%) remained unchanged. There were no significant
correlations between the reduction of HVPG and the doses
of olmesartan. Furthermore, there were no significant dif-
ferences between responders and non-responders in the
patients’ baseline characteristics . However, we found a
significant difference in baseline renin activity between the
patients who achieved even a mild reduction of HVPG
(>10% from baseline) and those who remained unchanged
(1.1 &£ 0.8 vs. 2.1 & 1.6 ng/mL/h, p = 0.046).

Endoscopic examinations

In the patients who had no varices before randomization,
varices were observed in 2 of 11 patients (18%) in the
control group but in 0 of 9 patients in the olmesartan group.
Moreover, in the patients who had small varices (F1), the
varices worsened in 6 of 13 patients (46%) in the control
group and in 3 of 15 patients (20%) in the olmesartan group.
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There were no patients in either group who bled from
esophageal varices, and there were no significant differ-
ences in baseline characteristics between the two groups.

TGF-betal and blood markers of hepatic fibrosis

Transforming growth factor-betal was significantly
decreased in the olmesartan group (7.0 £ 8.2 vs.
3.1 &+ 1.6 ng/mL, p = 0.046) at the end of the present
study, compared with the level in the controls (6.3 £ 9.0
vs. 4.5 £ 4.5 ng/mL, p = 0.24). There was a significant
negative correlation between the reduction of TGF-betal
and the dose of olmesartan in the treated patients after
1 year (Fig. 3). Furthermore, a significant trend was shown
by correlating HA and TGF-betal variations in cirrhosis
patients at the end of the study. HA was significantly
decreased in olmesartan-treated patients whose TGF-betal
level was reduced and remained at the same level as that in
the untreated patients (in whom the TGF-betal level
remained the same as at baseline) (Fig. 4). A similar trend
was observed in type IV collagen levels, but it did not
reach statistical significance. On the other hand, the serum
concentrations of the fibrosis markers, PIIINP, type IV
collagen, and HA, were unchanged at the end of the study
in both groups (Table 2). Furthermore, there were no sig-
nificant differences in the alterations of HA and TGF-beta
between the HVPG responders and non-responders.

Renal function
Serum creatinine was significantly increased in the olmesar-

tan group (0.70 £ 0.15 vs. 0.76 = 0.19 mg/dL, p = 0.004)
but not in the control group (0.66 + 0.16vs.0.68 £ 0.18 mg/

dL, p = 0.17). There was no significant correlation between
the variation in serum creatinine after 1 year and the maxi-
mum administration dose of olmesartan in the treated patients.
On the other hand, there was a significant difference between
patients treated with 40 mg and controls (0.12 &= 0.07 vs.
0.02 £ 0.02 mg/dL, p = 0.016) (Fig. 5).

Tolerability to and side effects of olmesartan treatment

Twenty-two of the 24 patients (92%) who were randomized
successfully completed the entire protocol. Three patients in
the treatment group underwent diuretic treatment with 20 mg
furosemide for ascites, and 1 patient in the control group
underwent diuretic treatment with the same dose of
furosemide.

One patient who had a Child-Pugh score of 9, and was
undergoing diuretic treatment with 20 mg of furosemide for
ascites, complained about dizziness after the first 10 mg of
olmesartan was administered. She had hypotension with an
arterial pressure of 79/60 mmHg, and discontinuation of
treatment was mandatory. One week later, her arterial pres-
sure had completely recovered. At her request, the medica-
tion was continued, at a one-quarter dose of olmesartan
(5 mg). Neither subjective complaints nor hypotension
recurred. Her TGF-betal level and serum concentrations of
the fibrosis markers, type IV collagen and HA, had decreased
after 1 year. A hepatic hemodynamic study was not done.

Discussion

In the present study, we demonstrated that long-term
administration of an ATI1 receptor blocker, olmesartan,

Table 2 Changes of hemodynamics, blood biochemistry, and blood markers of hepatic fibrosis

Variable Olmesartan Control
Baseline 1 year p value Baseline 1 year p value

HVPG (mmHg) 159 £ 34 13.7 £4.0 0.04 16.0 £ 2.3 15.8 £3.8 0.56
MAP (mmHg) 98.7 £ 11.5 89.0 + 15.8 0.008 92.9 + 16.5 933 £ 16.2 0.77
Albumin (g/dL) 3.8+ 0.5 3.8 £0.6 0.98 37+04 3.6 £0.5 0.21
Bilirubin (mg/dL) 1.0 £ 0.5 1.0 £ 0.5 0.38 1.1 £0.6 1.1 £0.5 0.92
PT (INR) 1.1 £0.1 1.1 £ 0.1 0.44 1.1 £0.1 1.1 £0.1 0.24
PRA (ng/mL/h) 1.3+15 7.1 £6.7 0.01 13+14 13£1.6 0.76
Aldosterone (pg/mL) 120.1 &£ 70.1 79.3 £ 70.8 0.02 121.6 £ 80.1 125.0 £ 93.6 0.55
Creatinine (mg/dL) 0.70 £ 0.15 0.76 £ 0.19 0.004 0.66 £ 0.16 0.68 £+ 0.18 0.17
HA (pg/dL) 328.4 £ 288.8 349.1 £ 3235 0.63 324.6 £ 246.2 375.7 £ 290.6 0.28
PIIINP (ng/dL) 0.7 £0.2 0.8 +0.3 0.55 09 +£03 0.8 £0.2 0.49
IV collagen (ng/mL) 8.1+32 8.4 + 4.0 0.46 7.6 +£22 79+£19 0.20
TGF-betal (ng/mL) 7.0 £ 82 31+ 1.6 0.046 6.3 +9.0 45+45 0.24

PT prothrombin time, INR international normalized ratio, PRA plasma renin activity, HA hyaluronic acid, PIIINP procollagen III N-terminal

propeptide, TGF-betal transforming growth factor-betal
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Fig. 2 Individual hepatic venous pressure gradient (HVPG) values at
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Fig. 3 Correlation between the variation of transforming growth
factor-betal (TGF-betal) and the maximum dose of olmesartan in the
treated patients after 1 year. TGF-betal variation was defined as
baseline TGF-betal value minus value after 1 year. A significant
negative correlation between the above two variables was shown by
Pearson correlation test (r = —0.48, p = 0.044)

significantly reduced HVPG as well as TGF-betal
production. Overall, olmesartan achieved a more than
20% reduction of HVPG from the basal value in 25% of
the patients. Furthermore, a mild HVPG reduction

TGF-beta1 variation (ng/ml)

Fig. 4 Correlation between serum hyaluronic acid (HA) variation and
TGF-betal variation in the treated patients (dark squares) and in the
untreated patients (open triangles) after 1 year. The serum hyaluronic
acid variation was defined as baseline serum hyaluronic acid value
minus value after 1 year. A significant correlation between the above
two variables was shown by Pearson correlation test (r = 0.377,
p = 0.018)
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Fig. 5 Mean variation of serum creatinine in patients receiving
olmesartan at the manufacturer’s recommended 10-, 20-, or 40-mg
daily dose and in the control. Serum creatinine variation was defined
as the baseline serum creatinine value minus that value after 1 year.
There was no significant correlation between the variation in serum
creatinine after 1 year and the maximum administration dose of
olmesartan in the treated patients after 1 year. There was a significant
difference between patients treated with 40 mg and controls
(0.12 £ 0.07 vs. 0.02 £ 0.02 mg/dL). *Significant differences
(p = 0.016) by Mann—Whitney U-test are shown

(>10%), generally observed in patients who had a
significantly lower development of varices, was seen in
67% of the treated patients [19]. These results sug-
gested that this ATI receptor antagonist, olmesartan,
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would be effective for the early treatment of portal
hypertension.

Nonselective beta-blockers (NSBBs) are widely used for
variceal bleeding in patients with portal hypertension.
However, a substantial proportion of the patients cannot be
treated effectively because of side effects or an insufficient
reduction in HVPG [19]. However, in a randomized, pla-
cebo-controlled study of NSBBs in patients with early
cirrhosis with portal hypertension, the development of
gastroesophageal varices and variceal hemorrhage did not
differ significantly between the NSBB and placebo groups
[20], although serious adverse events were more common
in the NSBB group than in the placebo group. In light of
these findings, patients with cirrhosis without clinical
complications of portal hypertension do not receive treat-
ment [19]. For this reason, a new active agent with the
ability to reduce portal pressure safely is required in
patients with early-stage cirrhosis.

Recently, ARBs have been proposed as new drugs for
portal hypertension. In patients with cirrhosis, the action of
Ang II is of major importance in regulating peripheral
vascular tone [21]. It has clearly been shown that ATI1
receptors induce contraction and proliferation of HSCs,
which play a key role in intrahepatic resistance in cirrhosis
[22]. Thus, the mechanism of olmesartan for the treatment
of portal hypertension is probably a combination of sys-
temic and local effects. In addition to the systemic effect
we found in significantly reducing MAP (—9.8 £ 13.7%),
which might reduce the splanchnic inflow and, thereby,
portal pressure, the blockade of AT1 receptors on HSCs
might induce sinusoidal vasodilatation and, thus, a reduc-
tion of intrahepatic resistance.

In the present study, we started to administer olmesartan
at a daily dose of 10 mg. Generally, olmesartan has been
approved for the treatment of arterial hypertension and it is
usually prescribed at a dose of 20 mg/day. Von Bergmann
et al. reported that after once-daily oral doses of 10 mg
olmesartan were given to patients with mild and moderate
hepatic impairment (Child-Pugh scores of <6 and 7-9,
respectively), the daily maximum concentration of the drug
in the body was generally similar to that in healthy mat-
ched subjects, but the area under the curve increased by 30
and 48%, respectively, and was reflected in increases of
absolute bioavailability values compared with those in
healthy subjects [23]. De et al. [24] showed that low-dose
losartan was as effective as propranolol in reducing portal
pressure in cirrhotic patients. On the other hand, Schepke
et al. [25] showed that another ARB, irbesartan, moderately
reduced portal pressure but induced marked arterial hypo-
tension and renal impairment in patients with advanced
cirrhosis. However, patients with advanced cirrhosis gen-
erally have relatively low systemic vascular resistance and
arterial blood pressure [26], and may develop hypotension
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when taking irbesartan when given at 150 mg/day, the
standard recommended dose for the treatment of hyper-
tension. In the present study, olmesartan at 10 mg/day
significantly reduced MAP, and only 1 patient, who had a
Child-Pugh score of 9, had a hypotensive reaction during
the study. Moreover, olmesartan significantly reduced
serum creatinine after 1 year, especially in patients treated
with a 40-mg daily dose. Therefore, we recommend that an
ARB should be administered to patients with early-stage
cirrhosis, starting with a low dose.

In the present study, we first observed that the ARB
significantly attenuated the increase of TGF-betal, which is
a key cytokine for liver fibrosis. We found that there were
significant negative correlations between the reduction of
TGF-betal and the maximum administration dose of
olmesartan. Furthermore, HA was significantly decreased
in the olmesartan-treated patients who manifested a
reduced TGF-betal level that remained at the same level as
that in the untreated patients (in whom TGF-betal
remained constant). This observation could therefore
indicate that reduction of TGF-betal might mediate the
modification of fibrogenetic activity. However, this
hypothesis warrants further study, because it is based on
the change of only 1 of 3 serum markers of liver fibrosis
and is not supported by histological data.

There are two limitations of the present study. First, the
study defined the primary endpoint as a reduction rate of
HVPG of more than 20% of baseline values after 1 year.
This based on a 1-year administration effect of olmesartan
for HVPG. However, we were not able to assess whether
there was a significant difference in the patients’ baseline
characteristics in relation to their olmesartan responses. We
included 20 of 24 Child-Pugh Class A patients (83%) in the
present study because we had found, in our previous study,
that responders to olmesartan had a significant tendency
toward better hepatic function [18]. In the present study,
the mean HVPG reduction rate in the treated patients was
—12.9% after 1 year. On the other hand, in the candesartan
study done by Debernardi-Venon et al., the mean HVPG
reduction rate in the treated patients was —8.4% [7]. In
their study, Child-Pugh A patients accounted for 71% of
their cohort (17/24). The difference in the mean HVPG
reduction rate between their study and ours is likely related
to the higher proportion of Child-Pugh A patients (83%) in
the present study. Second, we compared the effects of
treatment with olmesartan with no treatment, but not with
treatment with NSBBs. When we planned this study, at the
end of 2006, to our knowledge, there were no randomized
studies that had investigated the long-term effects of ARBs
in patients with cirrhosis. Therefore, we conducted this
randomized study which compared olmesartan with no
treatment. Recently, Tandon et al. [27] reported, in their
systematic review and meta-analysis, the efficacy of ARB
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for patients with cirrhosis. They concluded that ARB
reduced portal pressure in patients with Child-Pugh A cir-
rhosis without adverse events; moreover, the effect of the
ARB was similar to that of an NSBB. Also, there were no
significant differences between their groups in adverse
events or withdrawals. However, in their review, the effect of
ARB on hepatic fibrosis in patients with cirrhosis remained
unclear. Therefore, we are planning a future study of olme-
sartan which compares its long-term efficacy with that of an
NSBB for the treatment of patients with hepatic fibrosis.

In conclusion, 1 year of administration of olmesartan
significantly reduced portal pressure and TGF-betal, which
is the key cytokine for liver fibrosis, in patients with cir-
rhosis. Further examinations are warranted to confirm the
efficacy of this AT1 receptor blocker.
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