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Abstract

Purpose of Review To provide an overview of recent pharmacological treatments for portal hypertension evaluated in early
clinical trials, with particular emphasis on the pathophysiological basis of their use.

Recent Findings In patients with compensated cirrhosis, even small decreases in portal pressure (as small as 1 mmHg) are
associated with a lower probability of decompensation. In patients with decompensated cirrhosis, portal pressure “response”
to non-selective beta-blocker (NSBB) therapy is associated with a lower mortality. When present, significant portal hypertension
persists even after the elimination of the etiology of cirrhosis and this justifies the continued development of new drugs that target
portal hypertension.

Summary Over several decades, we have gained great depth in the understanding of portal hypertension, its mechanisms and
complications. NSBBs, which act by reducing portal venous inflow (an extrahepatic target), are effective in reducing portal
pressure and have been the mainstay of therapy for portal hypertension in the last 35 years—being effective in preventing
decompensation and variceal hemorrhage. However, because not all patients will have a sufficient response to NSBB and some
may be intolerant to NSBB, alternative drugs or drugs that will augment the effect of NSBB on portal pressure are being tested in
pre-clinical and early-clinical trials. Many of these drugs target more than one of the intrahepatic or extrahepatic mechanisms
implicated in the pathogenesis of portal hypertension in cirrhosis. Out of these proposed therapies, statins have emerged as the
most promising new pharmacological therapy for the treatment of portal hypertension.

Keywords Portal hypertension - Liver cirrhosis - Hepatic venous pressure gradient - Statins - Sinusoidal endothelial dysfunction -
Liver fibrosis - Splanchnic vasodilation

Introduction

Cirrhosis, the final stage of chronic liver diseases, is an in-
creasing cause of morbidity and mortality worldwide.
According to recent data available, cirrhosis has a global an-
nual mortality of 12.6M [1], with 34.2 thousands deaths in the
USA [2] and is positioned among the 14 leading causes of
death in the world.
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Cirrhosis cannot be considered a single entity and is sub-
classified into two main clinical stages: compensated and de-
compensated [3, 4]. Decompensation in cirrhosis is defined by
the development/presence of clinically overt complications
(ascites, encephalopathy, variceal bleed, or jaundice) [3], and
is the main determinant of death in cirrhosis [4, 5]. The medi-
an survival of a patient with compensated cirrhosis is greater
than 12 years (as long as the patient remains in the compen-
sated stage), whereas in the decompensated patient, it is below
2 years [6].

The main pathogenic substrate to decompensation is an
increase in portal pressure (portal hypertension). This is based
on studies performed in patients with cirrhosis in whom portal
pressure and the degree of portal hypertension (PH) is deter-
mined indirectly by measuring the hepatic venous pressure
gradient (HVPG), which is obtained by catheterization of
one of the major hepatic veins and by subtracting the wedged
(or balloon-occluded) minus the free hepatic venous pressure
[7]. Normal HVPG is 3—5 mmHg. Most patients with com-
pensated cirrhosis have an HVPG >5 mmHg but those with an
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HVPG > 10 mmHg have a four-times higher risk of decom-
pensation than patients with compensated cirrhosis who have
not reached this threshold [8]. Accordingly, patients with com-
pensated cirrhosis are currently sub-staged into those with
mild PH (HVPG>5, <10 mmHg) and those with clinically
significant portal hypertension (CSPH = HVPG > 10 mmHg)
[9]. Patients with CSPH are not only at a higher risk of de-
compensation, and therefore death [10], but are also at a
higher risk of development of varices and hepatocellular car-
cinoma [11, 12, 13¢]. Clinically, a patient with cirrhosis who
has varices (independent of size), portosystemic collaterals on
imaging, or is decompensated has, by definition, CSPH.

In patients with compensated cirrhosis, the main goal of
treatment is to prevent decompensation. HVPG “responders”
to non-selective beta-blockers (NSBB) has been shown to
prevent first variceal hemorrhage, development of ascites,
and death [14, 15]. Definition of response has been based on
threshold decreases in HVPG, the most commonly used being
a decrease > 20% from baseline or to levels below 12 mmHg.
However, recent data suggest that absolute reductions in
HVPG may provide more granularity. Using data from the
timolol study in which measures of HVPG were performed
yearly for up to 8 years [11], joint modeling (combining Cox
model and mixed effects model) showed that changes of only
1 mmHg in the HVPG are associated with 1.19-time increase
or decrease in risk of decompensation or death [16]. In the
setting of compensated cirrhosis, elimination of the etio-
logical agent, e.g., use of direct-acting antivirals for hepa-
titis C (HCV), delays decompensation and may lead to a
decrease in HVPG, particularly in early stages of cirrhosis
(i.e., those with mild PH) [17]. However, CSPH persists in
the majority of patients despite HCV elimination and there-
fore these patients continue to be at risk of decompensation
and HCC [18, 19].

In patients with decompensated cirrhosis, the main goals of
treatment are to prevent further decompensation and, mainly,
to prevent death. As in compensated cirrhosis, patients with
ascites who had bled from varices who are HVPG responders
to NSBB have a lower risk of further decompensation and
death [15, 20, 21].

It is clear, therefore, that reducing portal pressure in patients
with cirrhosis and significant PH (compensated or decompen-
sated) is associated with improved outcomes [3, 22].

Understanding the pathophysiology of PH, particular-
ly the discovery of splanchnic vasodilatation and the
hyperdynamic circulation as main contributors to
CSPH, has led to the introduction of the vasoconstric-
tors (e.g., terlipressin, octreotide) for the treatment of
acute variceal hemorrhage [23¢¢] and the use of NSBB
for the prophylaxis of variceal hemorrhage. For over
30 years, the use of NSBB has remained the mainstay
of therapy for PH [24]. While NSBB have been shown
to decrease variceal hemorrhage and death [25] as well

as decompensation in patients with compensated cirrho-
sis and CSPH [26], not all patients experience a signif-
icant reduction in PP with NSBB, and some patients are
unable to tolerate this treatment [27]. Therefore, new
drugs that could be used in combination or in lieu of
NSBB are necessary.

To promote the development of therapies for PH, the
American Association for the Study of Liver Disease
(AASLD) recently published a consensus that propose a
framework for the design of clinical trials and prioritizing
targets and therapies for PH. This consensus reviews the avail-
able therapies in preclinical and clinical phase for the treat-
ment of PH [28¢¢]. The reader should refer to the consensus to
expand on the preclinical studies and for considerations re-
garding study design for potential drugs that may reduce por-
tal pressure in compensated cirrhosis.

This review will (1) describe the known mechanisms of PH
and point to the potential therapeutic targets; (2) summarize
main candidate drugs associated with a reduction in portal
pressure in patients with cirrhosis.

Pathophysiological Basis and Therapeutic
Targets in Portal Hypertension

There are several mechanisms, both intra- and extra-hepatic
involved in the development of PH in cirrhosis (Fig. 1).

Intrahepatic Mechanisms: Increased Resistance
to Flow

Within the liver, increase in portal pressure is due to increased
resistance to flow, which is secondary to (a) structural distor-
tion of liver parenchyma, which include fibrosis, disruption of
sinusoidal structure (e.g., nodular regeneration), and
microthrombi in the hepatic circulation, and (b) functional or
dynamic changes in the hepatic vascular tone (i.e., endothelial
dysfunction and active vasoconstriction) [29¢]. In patients
with compensated cirrhosis and mild PH, the main mecha-
nisms are intrahepatic. Therefore, both structural and func-
tional abnormalities could be targeted at the compensated
stage [28ee].

a) Structural distortion of liver parenchyma includes fibrosis
and replacement of healthy parenchyma by extracellular
matrix, the histological hallmark of cirrhosis. Structural
abnormalities account for 70% of the increased
intrahepatic resistance. Treatment of the underlying etiol-
ogy is key in patients with cirrhosis as regression to less
advanced stages of liver fibrosis may occur as described
after treatment of hepatitis B [30]. This may be particular-
ly pertinent in patients with mild PH as these patients are
more likely to have thin fibrous septa [31] and it is
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Fig. 1 Mechanisms contributing
to portal hypertension and
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conceivable that targeting fibrosis on them may delay
progression to CSPH or even lead to regression to a
non-cirrhotic stage [32].

Besides etiological therapies, several drugs that target a
major mechanism implicated in early stages of hepatic
fibrogenesis, that is, the activation and transition of hepatic
stellate cells (HSCs) into proliferating, extracellular matrix-
producing myofibroblasts are under investigation [33, 34].
The use of farsenoid X receptors (FXR) agonists [35],
endothelin-A receptor blockers [36, 37], the amino acid tau-
rine [38], and angiotensin II type 1 receptor blockers [39-44],
are all strategies that decrease activation of HSCs [34, 45-49].
The inhibition of hepatocyte apoptosis, one important step
leading to inflammation and fibrosis, is targeted by the pan-
caspase inhibitor emricasan, and is also being investigated as a
therapy for liver injury and PH [50-52].

Microthrombi in the hepatic circulation contribute to the
structural changes related to increase resistance. Frequent
thrombotic occlusions of small veins and sinusoids in cirrho-
sis lead to fibrosis and “parenchymal extinction,” i.e., irrevers-
ible loss of contiguous hepatocytes and their replacement by
fibrous tissue [53, 54]. Anticoagulation is a strategy under
investigation that would target this pathway.

b) Functional resistance to flow, i.e., increased vascular tone,
accounts for approximately 30% of vascular resistance
[55]. These functional changes have been associated to
sinusoidal endothelial dysfunction [29+], which is charac-
terized by diminished production of nitric oxide (NO)
through diminished expression or activation of the endo-
thelial NO synthase (eNOS) [56, 57]. This intrahepatic
vasoconstriction is augmented by an increase in vasocon-
strictive molecules, such as endothelins, adrenergic hor-
mones, and angiotensin that increase HSC contractility
[58, 59]. Statins (see below) are the only drugs that ame-
liorate endothelial dysfunction in cirrhosis.

@ Springer

Carvedilol, a NSBB that is a recommended therapy for
PH differs from traditional NSBB such as propranolol or
nadolol (that act by decreasing portal flow as described
below) by also having an al-adrenergic blockade effect
that will potentially lead to intrahepatic vasodilation. This
effect may explain why carvedilol has a larger portal-
hypotensive effect compared to traditional NSBB [23ee].
However, while traditional NSBB have a mild effect on
blood pressure, carvedilol at standard doses of 25-30 mg/
day has been associated with hypotension and fluid and
salt retention [60]. Therefore, doses above > 12.5 mg/d
are not recommended in the treatment of PH and, in fact,
its use should be discouraged in patients with ascites, un-
less systemic hypertension is also being targeted [61, 62].

Other vasodilating agents that have been tested in phase-2
trials that would target the increased dynamic resistance to
flow include phosphodiesterase type 5 (PDES) inhibitors
[63—65] and endothelin receptor blockers [36, 37]. However,
vasodilatation is not only intrahepatic but systemic leading to
hypotension with potentially deleterious effects such as sodi-
um retention and acute kidney injury.

Extrahepatic Mechanisms: Increased Flow

The extrahepatic mechanisms occur as a response to mild PH.
They include splanchnic vasodilatation (due to an increase in
nitric oxide synthesis by splanchnic vessels) and
neoangiogenesis [66, 67]. Splanchnic (and systemic) vasodi-
latation lead to relative hypovolemia and activation of neuro-
humoral mechanisms that promote sodium and water reten-
tion, subsequent hypervolemia, increased cardiac output, and
the development of a hyperdynamic circulatory state that fur-
ther increases portal flow, leading to CSPH [29e, 68¢].

The increased portal flow is a target of NSBBs (proprano-
lol, nadolol, and carvedilol), which are the established therapy
for the treatment of PH. NSBBs counteract the increase in
cardiac output via 31 blockade and cause splanchnic
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vasoconstriction via [32-receptor blockade [69]. NSBB have
proven to be effective in reducing portal pressure and
preventing complications and mortality at most stages of cir-
rhosis, from CSPH with varices, to patients decompensated
from variceal bleeding [23<, 25, 70]. However, in patients
with mild PH when the hyperdynamic circulatory state is not
yet well established, NSBB will be ineffective [11, 71]. In a
recent meta-analysis, patients with cirrhosis, with or without
ascites, who respond to NSBB by decreasing HVPG > 10% or
20% from baseline or by decreasing HVPG to < 12 mmHg,
were shown to have lower rates of decompensating events as
well as a lower death/transplant rates [15]. However, this
study also showed that only 50% of patients without ascites,
and 42% of patients with ascites demonstrated this response to
NSBB [15]. Importantly, in a recent placebo-controlled
RCT that included patients with compensated cirrhosis
and CSPH with no or small varices, NSBB were associated
with a significant decrease in the probability of
decompensation/death [26]. This is the first study that
shows an effect of a portal-pressure reducing therapy in
preventing cirrhosis decompensation.

Bacterial translocation and inflammation are important
drivers of the hyperdynamic circulatory state [72]. Several
markers of systemic inflammation are elevated in advanced
cirrhosis, including C-reactive protein (CRP) and interleukin 6
(IL-6), and correlate with more severe stages of cirrhosis and
mortality [68e, 73]. Thalidomide targets this inflammatory
pathway through inhibition of tumor necrosis factor (TNF)
production and is being tested in the treatment of PH
[74-76]. The use of poorly absorbed antibiotics, as a means
to selective intestinal decontamination and decrease in bacte-
rial translocation, is also being tested as a tool to decrease PH
through attenuating inflammation.

Lastly, the development of collateral vessels, a major com-
ponent of the hyperdynamic state of cirrhosis [66, 77], has
been targeted in small trials evaluating the use of sorafenib
and its effects in PH [78, 79].

Potential Future Therapies for Treatment
of Portal Hypertension

In this section, results from the most relevant studies exploring
the effect of the abovementioned therapies for the treatment of
PH will be summarized. A description of each individual
study is specified in Table 1.

Drugs that Act Mainly on Intrahepatic Component

Statins This is the most investigated and perhaps the most
promising future therapy for PH. Statins are inhibitors of the
3-hydroxyl-methyl coenzyme A reductase (HMG-CoA-R)
and are recommended for the treatment of hyperlipidemia.

However, statins have pleiotropic effects that go beyond their
cholesterol-lowering effect. These effects include decrease of
inflammation and oxidative stress at the vessel wall, decreased
thrombosis, and increase nitric (NO) production in endothelial
cells through the inhibition of the small G-proteins Rho and
Rac [88, 89]. Statins increase NO production through in-
creased synthesis and phosphorylation of the eNOS in the
liver, targeting endothelial dysfunction [56, 90, 91]. Early
use of statins has also been shown to attenuate liver fibrosis
in animal models at early stages of cirrhosis, through decrease
activation of HSCs; this effect has been observed by different
statins such as atorvastatin [92] or simvastatin [93], suggesting
a class effect.

An initial exploratory study in a small number of patients
with cirrhosis and an HVPG > 12 mmHg at baseline showed
that a single dose of 40 mg of simvastatin significantly de-
creased hepatic resistance by 15%, allowing an increase in
hepatic blood flow, without significant changes in HVPG
and without changes in systemic hemodynamics. Nitric oxide
levels significantly increased at hepatic veins, but not at pe-
ripheral veins [80].

A proof-of-concept RCT of 59 patients with cirrhosis and
HVPG > 12 mmHg, assigned to 40 mg daily vs. placebo tested
the effectiveness of statins in treating PH. After 1 month of
treatment, patients assigned to simvastatin had a significant
decrease in HVPG (8.3% decrease), regardless of concurrent
use of (3-blockers. The study confirmed an improvement in
liver perfusion as demonstrated by an increase in the clearance
of indocyanine green [81]. These results go in line with a
smaller RCT reported as an abstract that showed that in pa-
tients with CSPH and high-risk varices who were non-
responders to traditional NSBB, the addition of simvastatin
40 mg/d to carvedilol improved the clinical efficacy of treat-
ment (decrease in HVPG) compared to carvedilol alone at
1 month [94]. In a smaller trial including 24 patients assigned
to simvastatin 40 mg for 3 months vs. placebo, simvastatin
was associated with significant decrease in HVPG. In this
study, the magnitude of effect was larger in patients with base-
line HVPG > 12 mmHg and in subjects with prior history of
variceal bleed or with known medium to large varices [95].

The effect of statins in preventing decompensation was
explored in a propensity-matched retrospective study that
used a large database of US veterans with HCV cirrhosis,
demonstrating that statin users (compared to non-users) had
a significantly lower risk of developing decompensation (with
significantly lower rates of variceal hemorrhage and ascites)
and a significantly lower risk of death [96].

Finally, the effectiveness of statins in the prevention of
variceal rebleeding was tested in a RCT, where 158 patients
with cirrhosis who had recovered from an episode of variceal
hemorrhage were randomized to 40 mg of simvastatin in ad-
dition to the standard of care (variceal ligation and NSBB) vs.
standard of care and placebo. In this study, simvastatin failed
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to decrease the rate of rebleeding; however, it showed an im-
provement in survival mostly in patients with child class A
and B [82¢¢]. The increase in survival was determined by a
decrease in mortality derived from rebleeding and infections.

The adverse events (AE) reported in the phase-2 and phase-
3 trials of statins indicate a good safety profile of this medica-
tion. However, patients with advanced liver disease, CP scores
> 13, or with acute kidney injury have been excluded from
most of these trials. Perhaps one of the most concerning AE of
the use of statins is the development of rhabdomyolysis. In the
study by Abraldes et al. [82¢¢], 2 out of 70 subjects (3%)
receiving 40 mg of simvastatin daily developed rhabdomyol-
ysis, which would rarely happen at this dose in general popu-
lation (0.1% using 80 mg daily) [97]; both subjects had se-
verely deteriorated liver function. The safety of two doses of
simvastatin (associated to rifaximin) in patients with decom-
pensated cirrhosis was recently tested in a placebo-controlled
RCT showing that 40 mg of simvastatin was associated to
higher AST and ALT, as well as higher creatinine-kinase
levels compared to 20 mg or placebo; with clinically signifi-
cant thabdomyolysis reported in 3 of 16 (19%) patients ran-
domized to 40 mg while this adverse event did not occur in
patients randomized to 20 mg or to placebo [98]. Therefore, in
patients with decompensated cirrhosis, doses of simvastatin
40 mg or higher should not be used and should probably be
used cautiously in patients with compensated cirrhosis.

PDE5 Inhibitors In early-clinical trials, PDES5 inhibitors have
shown mixed results in HVPG. The use of sildenafil in patients
with compensated cirrhosis and PH was not associated with
decrease in portal pressure [65], whereas udenafil and
vardenafil showed a positive effect on HVPG [63, 64], and
an ongoing phase-2 RCT is set to further investigate the effects
of the vardenafil (NCT02344823). Hypotension, however, will
be a limiting factor in their use as a significant decrease in
MAP was reported with both sildenafil and udenafil (Table 1).

Angiotensin Il Type 1 Receptor Blockers The renin-
angiotensin axis contributes to PH at different levels. There
is evidence that angiotensin is a mediator of mesenteric vaso-
dilation in cirrhosis through the angiotensin converting
enzyme-2 (ACE2) alternative pathway [99], and there is also
evidence that the renin-angiotensin system, through angioten-
sin II type 1 receptor activation of HSCs, contributes to
fibrogenesis and increased hepatic resistance in cirrhosis
[58]. Several studies have explored the effect of different
angiotensin II type 1 receptor blockers in HVPG (Table 1)
with mixed results. Some of the studies reported a signif-
icant decrease in HVPG [39-43, 83]. However, as for any
drug that causes vasodilation, a potentially deleterious re-
duction in systemic arterial pressure has been frequent on
these studies and appears to be worse in patients with ad-
vanced stages of cirrhosis [42].

Thalidomide Thalidomide is an immunomodulatory drug that
inhibits TNF-alpha pathway, thus decreasing inflammation
[75, 76]. A small study of 12 patients with alcohol-related
cirrhosis and CSPH, evaluated the effect to thalidomide on
HVPG after 2 weeks of treatment; this study reported a reduc-
tion in portal pressure from 19.7 to 12.2 mmHg on average,
and 5 out of 6 patients had >20% reduction in HVPG [74].
Somnolence was the main AE reported on this trial, and no
change in systemic arterial pressure was reported.

Endothelin Receptor Blockers As mentioned above,
endothelins play a role in endothelial dysfunction, and they
also appear to promote activation of HSCs [34] and liver fi-
brosis. Ambrisentan, an ET-A receptor blocker showed a
dose-dependent decrease in HVPG in a pilot study in subjects
with cirrhosis without changes in systemic blood pressure
[36]. In contrast, BQ-123 (selective ET-A) and BQ-788
(selective ET-B) had no effect on HVPG but did show a po-
tentially deleterious significant decrease in systemic blood
pressure [37].

Drugs that Act Mainly in Extrahepatic Component

Selective Intestinal Decontamination Given the role of bacte-
rial translocation in the perpetuation of inflammation in cir-
rhosis, poorly absorbed antibiotics have been tested as a ther-
apy for PH showing mixed results. A small trial of rifaximin in
13 patients with alcohol-related cirrhosis decompensated by
ascites, showed a decrease in cardiac output, increased vascu-
lar resistance and improvement of eGFR, as surrogates of
improvement in the hyperdynamic state (no HVPG was mea-
sured) [84]. However, a more recent and larger trial, including
54 subjects with ascites, failed to replicate the beneficial ef-
fects of 1 month of rifaximin on hemodynamics with no
changes in HVPG [85]. Another study evaluating norfloxacin
failed to show an improvement in HVPG but showed im-
provement in MAP, increased vascular resistance and reduced
endotoxin levels [86]. In post-hoc analysis of a recently pub-
lished RCT of 291 patients with Child-Pugh class C cirrhosis,
long term use of norfloxacin was associated with increased
survival in a subset of subjects with low ascites protein (<
15 g/L) [100].

Intra- and Extrahepatic Action

Anticoagulation Anticoagulation has shown to reduce portal
pressure in animal models [101]. In human cirrhosis, a prospec-
tive RCT of 75 patients with hepatitis-B cirrhosis, use of low
molecular weight heparin (LMWH) was associated with im-
proved liver chemistries, lower fibrosis markers (collagen),
and improved portal vein blood flow by radiological assess-
ment [102]. The interim results of a phase-2 trial
(ISRCTN12504151) showed that one-year warfarin use
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reduced liver fibrosis in liver transplant recipients with recur-
rent HCV infection [103]. The best evidence of the potential
benefits of anticoagulation comes from a randomized open-
label study that included 70 patients with decompensated cir-
rhosis without portal vein thrombosis that showed that patients
who were assigned to enoxaparin for 1 year had a lower inci-
dence, not only of portal vein thrombosis (0 vs 17% at 1 year)
but also of further decompensation (12% vs 59% at 1 year) and
death compared to no enoxaparin treatment [104]. An ongoing
phase-3 RCT, CIRROXABAN (NCT02643212), aims to eval-
uate the effect of rivaroxaban in patients with cirrhosis and
CSPH on decompensation and transplant-free survival at
24 months; as a secondary outcome, it is expected that this
study will report results of anticoagulation on HVPG at 1 year.

Caspase Inhibitors The pan-caspase inhibitor emricasan (IDN-
6556) decreases hepatocyte apoptosis, inflammation, and liver
fibrosis in animal models of liver injury [50, 51]. In an open-
label proof of concept trial in 24 patients with cirrhosis and PH,
post-hoc analysis showed that 4-week course of emricasan was
associated with a significant reduction in HVPG only in a sub-
group of patients with baseline HVPG>12 [52]. A recently
completed clinical trial (NCT02960204) aims to evaluate the
effect of three different doses of emricasan on HVPG (5 mg,
25 mg, or 50 mg twice daily) in patients with NASH cirrhosis
and an HVPG > 12 mmHg. In other phase-2 trials, emricasan
showed improvement in INR and total bilirubin in a subset of
cirrhotic patients with MELD > 15 [105], as well as decrease in
transaminases in subjects with NAFLD [106] and in subjects
with chronic HCV infection [107]. The safety profile of
emricasan in these trials was acceptable and adverse effects
did not include hypotension.

FXR Agonist Obeticholic acid, an FXR agonist that targets
hepatic fibrosis, as well as inflammation pathways [45, 46],
has been evaluated in a proof-of-concept trial for the treatment
of PH. The study included 23 patients with alcohol-induced
cirrthosis and PH, who were randomized to 10 or 35 mg of
obeticholic acid daily. Sixteen patients had HVPG mea-
surements at baseline and after 1 week of treatment. No
significant changes in portal pressure were shown; howev-
er, 9/16 participants were labeled as HVPG responders
demonstrating a > 15% reduction from baseline or a reduction
to < 12 mmHg after treatment [35].

Taurine Taurine, among other potential effects, inhibits HSC
activation, which might lead to reduction in portal pressure
[49]. This concept has been tested in a single pilot study where
22 patients, mostly decompensated cirrhosis, baseline
HVPG > 12 mmHg, were randomized to 6 g of taurine daily
vs. placebo. Subjects assigned to taurine had a statistically
significant reduction in HVPG, average 12% (~ 2 mmHg) at
4 weeks. Taurine was well tolerated; with gastrointestinal

@ Springer

discomfort and fatigue being the only reported adverse effects
and no changes in systemic hemodynamic parameters [38].

Sorafenib Angiogenesis of collateral vessels have been
targeted by sorafenib, a tyrosine kinase inhibitor, in subjects
with cirrhosis and HCC. In a first study including 13 patients
with PH, not eligible for curative therapy of HCC, the use of
sorafenib was associated with decrease in HVPG >20% in
4/11 patients at 2 weeks of treatment [79]. This effect, how-
ever, was not confirmed on another small trial including pa-
tients with HCV cirrhosis [78].

Conclusions

Portal hypertension is the main consequence of cirrhosis and is
responsible for most of its complications. In fact, reducing portal
pressure, both in patients with compensated and decompensated
cirrhosis, has been shown to be associated with an improvement
in important clinical outcomes including variceal hemorrhage,
decompensation (early and late), and death. Therefore, reducing
portal pressure is an important goal in the management of cirrho-
sis and has been based on the use of NSBB.

Increasing knowledge regarding the pathophysiology of
PH has led to the identification of targets for potential new
drugs that would augment the effect of NSBB or could be used
as substitutes for NSBB (particularly in patients whose portal
pressure does not decrease in response to NSBB). Most of the
targets are intrahepatic but a combination of drugs that would
target several intrahepatic and/or extrahepatic mechanisms
would be ideal. Targets will differ depending on the stage of
cirrhosis and the degree of portal hypertension and this should
also be taken into consideration in the design of proof-of-
concept studies.
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