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ABSTRACT 

The article reviews the clinical experimental trials of simvastatin in cirrhosis. 

It will attempt to engage the reader in this interesting hepatic subject 

through the following four steps. Firstly, the paper explains the rationale 

for statins use, ranging from portal hypertension to decompensated 

cirrhosis. Secondly, the article summarizes the drug safety results (the 

relationship between liver/muscle injuries and simvastatin dosage/cirrhosis 

severity), and the efficacy outcomes (survival/quality of life improvements, 

and reduction of hospitalizations due to cirrhosis complications) in patients 

with the decompensated state. Thirdly, the paper analyzes the negative 

results of treating severe degrees of cirrhosis –Child-Pugh class C and 

acute-on-chronic liver failure, with this medication. Lastly, this article aims 

to summarize the lessons learned from the few clinical trials in simvastatin 

therapy on the decompensated stage. The paper will encourage readers 

to consider simvastatin as a potential treatment option for cirrhosis in the 

future. 
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Abbreviations in Order of Appearance:  
RCTs: randomized clinical trials 
PH: portal hypertension 
NO: nitric oxide 
eNOS: endothelial nitric oxide synthase 
SVT: simvastatin 

NSBB: non-selective β-blockers 

RFX: Rifaximin 
CK: creatine kinase 
CTP: Child-Pugh 
CYP3A4: cytochrome P450 3A4 
MELD score: Model for End-Stage Liver Diseases score 
AST: aspartate aminotransferase 
ALT: alanine aminotransferase 
HRQoL: health-related quality of life 
EST: at the end of the simvastatin safety trial 
WBC: white blood cells 
HDL-cholesterol: high-density lipoprotein cholesterol 
ACLF: acute-on-chronic liver failure 
 

Introduction 
According to the worldwide 2020 data estimations, there 
are 112 million cases of compensated cirrhosis and 10.6 
million cases of decompensated cirrhosis, the latter after 
one or more complications occur.1 To be noted, in 2023, 
decompensated cirrhosis was the 11th leading cause of 
annual worldwide deaths (2 million, 4% of all deaths).2 
The current approach is aimed at preventing or treating 
each complication of cirrhosis. Randomized clinical trials 
(RCTs) have demonstrated the efficacy of this strategy; 
however, it has had little impact on the natural history in 
this stage.3 The only procedure that can modify the 
natural history of decompensated cirrhosis is etiological 
treatment aimed at eliminating the cause of the disease, 
such as direct-acting antivirals for the hepatitis C virus or 
prolonged alcohol abstinence. Thus, in up to one-third of 
cases, disease progression slowed or even reversed, from 
a decompensated to a compensated state.4 The unique 
definitive treatment for decompensated cirrhosis is liver 
transplantation, but not all patients may qualify as 
suitable candidates or have access to it due to organ 
shortages.5  Moreover, the long-term prognosis did not 
improve due to the complications of immunosuppression, 
such as infections, cancer, and renal failure, and long-
term graft injury and/or failure.6  
 
On the other hand, the discovery and clinical 
development of a new drug is a long process (1-2 
decades), and it is expensive.7 Furthermore, patients with 
cirrhosis have exclusion criteria for key clinical trials, 
which limit their treatment options.8 For these reasons, a 
new therapeutic approach has emerged for 
decompensated cirrhosis: a disease-modifying treatment 
using drugs such as statins. These act on key and/or 
multiple pathophysiological mechanisms of 
decompensated cirrhosis— including portal hypertension, 
bacterial translocation, circulatory dysfunction, 
inflammation, oxidative stress, and immune dysfunction—
regardless of the complications present, halting or 
slowing their progression, or even inducing their 
“recompensation”.3 Taking into account all the above, this 
article will discuss the current outcomes of simvastatin use 
in decompensated cirrhotic patients. 
 

Why use statins in cirrhosis patients? 
Portal hypertension (PH) is directly or indirectly 
responsible for major clinical cirrhosis complications —
ascites, variceal bleeding, and hepatic encephalopathy 
— and it is the leading cause of death in these patients.9 
PH occurs due to the cirrhotic process itself, which causes 
mechanical disruption of the liver's vascular architecture. 
However, Roberto Groszmann et al. observed, for the 
first time, that the increase of hepatic vascular resistance 
is the first pathophysiological phenomenon that causes 
PH.10, 11 This mechanism accounts for approximately 30% 
of the increase in portal pressure.10 Therefore, 
modulation of intrahepatic vascular resistance has 
become a key therapeutic target of PH.12 Studies in 
experimental cirrhosis in Groszmann’s Hepatic 
Hemodynamic Laboratory in New Haven suggested 
increased hepatic resistance because endothelial nitric 
oxide (NO) release was impaired in liver 
microvasculature.13-16 In addition, the deficient 
availability of NO may explain the inability of the 
intrahepatic vasculature to relax in response to an acute 
increase in portal blood flow (e.g., after meals).17 This 
impaired endothelium-dependent relaxation through NO 
production —endothelial dysfunction— worsened by 
postprandial hyperglycemia and hypertriglyceridemia.18 
In cirrhosis, studies have reported either unaltered14, 15 or 
decreased19 hepatic protein levels of endothelial nitric 
oxide synthase (eNOS); however, decreased hepatic 
eNOS activity has been uniformly reported.13-16, 20 The 
complex post-translational modifications of eNOS would 
be responsible for this reduction. Therefore, for several 
years now, upregulating eNOS activity in the cirrhotic 
liver has been proposed as a new strategy to correct the 
increased hepatic vascular tone in these patients. 21, 22 
 

Based on previous findings and experimental cardiology 
trials,23-26 the group led by Jaime Bosch in Barcelona 
hypothesized that simvastatin (SVT) could act as a hepatic 
NO donor. In 2004 and 2009, two clinical trials 
conducted by this group in patients with cirrhosis and PH 
provided the clinical rationale for using statins in 
Hepatology. In the first study, acute SVT administration 
significantly increased NO levels in hepatic venous blood 
and decreased hepatic sinusoidal resistance, while 
systemic NO levels and hemodynamics remained 
unchanged.27 The second trial was a proof-of-concept 
RCT demonstrating that SVT lowers portal pressure in 
patients with cirrhosis and PH, with an excellent safety 
profile. Furthermore, SVT reduced portal pressure in both 

patients on non-selective β-blockers (NSBB) and those not 

on NSBB, suggesting an additive effect when combined 
with these drugs. Finally, SVT improves quantitative liver 
function, as evaluated by indocyanine green clearance.28 

 

Safety of simvastatin in decompensated 
cirrhosis patients 
These results encouraged the evaluation of using statins in 
cirrhotic patients, with endpoints other than PH. To date, 
many observational studies have demonstrated the 
benefits of statins in patients with cirrhosis. However, a 
systematic review and meta-analysis of these studies 
revealed that their quality of evidence was low, as most 
were  retrospective.29 Therefore,  hereinafter, this  article  
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will rely on the experimental studies published to date to 
discuss the currently available clinical evidence on the 
safety, efficacy, and futility of SVT in patients with 
cirrhosis. 
 

Statins-related adverse events in the general population 
are frequent, relatively mild, and transient. The most 
commonly reported are diarrhea, abdominal pain, 
meteorism, constipation, and headache30; however, 
others cause special concern, such as muscle damage and 
liver injury.31 
 

Regarding muscle damage, the BLEPS trial (BLEeding 
Prevention with Simvastatin) showed that there were only 
2 patients who developed rhabdomyolysis after 
receiving SVT 40 mg/day, both were Child-Pugh (CTP) 
class C, compared to no cases in CTP class A or B.32 SVT 
is primarily metabolized by hepatic cytochrome P450 
3A4 (CYP3A4), known as the first-pass effect. In this 
regard, an inverse correlation was observed between the 
severity of cirrhosis, as assessed by the CTP score, and 
CYP3A4 activity.33 Thus, the reduced first-pass effect of 
SVT in CTP class C would lead to higher SVT plasma 
concentrations and increased risk of adverse events. For 
these reasons, the authors suggest that a higher 
proportion of patients with severe hepatic impairment 
(2.8%) developed muscle damage compared with the 
general population (0.009-0.1%).34  
 

In the LIVERHOPE-SAFETY phase II RCT, patients with 
decompensated cirrhosis (CTP class B or C) were 
randomly assigned to receive for 12 weeks either: SVT 
40 mg/day plus rifaximin 1,200 mg/day (SVT40 + RFX), 
SVT 20 mg/day plus rifaximin 1,200 mg/day (SVT20 + 
RFX), or placebo of both drugs.35 The SVT40 + RFX group 
showed a significant increase in serum creatine kinase 
(CK) levels at the end of treatment compared with the 
placebo; CK levels in the SVT20 + RFX and placebo 
groups were similar. Three patients (19%) in the SVT40 
+ RFX group developed muscle toxicity compatible with 
rhabdomyolysis. Notably, muscle damage occurred in 
only 8% of CTP class B patients compared to 50% of CTP 
class C patients.  
 

On the other hand, our group conducted a prospective, 
open-label, uncontrolled phase IIa trial evaluating SVT 
safety in 30 patients with decompensated cirrhosis (CTP 
class A [n = 6], CTP class B [n = 22], and CTP class C [n 
= 2]) receiving 40 mg/day for one year.36 Muscle injury 
occurred in 36.7% of patients and was significantly 
associated with a baseline Model for End-Stage Liver 
Disease (MELD) score > 12 and a baseline CTP class C. 
Myalgia caused a transient reduction of SVT to 10 
mg/day in 23.4% of patients, and myonecrosis resulted 
in temporary discontinuation of SVT in another 13.3% of 
patients. Muscle injury was the only clinically significant 
adverse event because it required SVT dose 
modification. Taken together, the results of the three trials 
showed that muscle injury was associated with 1) the 40 
mg/day SVT dose, and 2) advanced cirrhosis severity 
(CTP class C and MELD score > 12).32, 35, 36 
 
Liver injury is the other concerning side effect related to 
statin use. The most common pattern of liver injury is 
hepatocellular; rarely, a mixed pattern with prolonged 

symptomatic cholestasis.37 In the LIVERHOPE-SAFETY trial, 
based on data safety monitoring board 
recommendations, 10 patients in the SVT40 + RFX group 
were withdrawn early because of serious grade 3 
hepatic adverse events.35 In addition, the SVT40 + RFX 
group showed significantly higher aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT) levels compared with the SVT20 + RFX and 
placebo groups. At week 12, there were no significant 
differences in AST and ALT levels between the SVT20 + 
RFX and placebo groups. It is also noteworthy that the 
number of patients who discontinued treatment due to 
side effects was significantly higher in the SVT40 + RFX 
group (56%) compared with the other two groups (14%). 
In conclusion, in patients with decompensated cirrhosis, 
SVT40 + RFX was associated with a significant increase 
in liver injury, leading to treatment discontinuation 
compared to SVT20 + RFX or placebo groups. On the 
contrary, in the safety study that we conducted, no 
patient developed a liver injury. Unlike the LIVERHOPE-
SAFETY trial, when comparing values at the end of the 
trial versus at baseline, serum AST slightly decreased, 
serum ALT markedly reduced (32 ± 16 versus 39 ± 20 
IU/L, respectively), and serum alkaline phosphatase 
significantly reduced (119 ± 48 versus 147 ± 67 IU/L, 
respectively).36 In brief, the discrepancy in the results of 
both trials can be attributed to the greater cirrhosis 
severity in the LIVERHOPE-SAFETY trial compared to our 
study.35, 36 However, both safety trials agreed in 
recommending that in patients with decompensated 
cirrhosis, the SVT dose should be up to 20 mg/day. 35, 36 
 

Efficacy of simvastatin in decompensated 
cirrhosis patients 
Only two trials evaluated the survival of patients with 
decompensated cirrhosis following SVT treatment for one 
year or more. 
 
The BLEPS trial assessed the SVT effects in patients after 
variceal bleeding by adding it to standard prophylaxis, 
NSBB, and variceal ligation.32 Patients were stratified by 
(CTP class A/B or C) and then randomly assigned to 
receive SVT (n = 69) or placebo (n = 78) for up to 2 
years. The primary endpoint was a composite of 
rebleeding or death. During a median follow-up of 
approximately one year, a similar proportion in the 
placebo group (39%) and the SVT group (32%) reached 
the primary endpoint. Nonetheless, when only death was 
evaluated, mortality was 22% in the placebo group 
compared to 9% in the SVT group (HR = 0.39; P = 
0.030). In a pre-planned subgroup analysis, SVT 
significantly reduced mortality in CTP class A/B patients, 
but not in CTP class C patients (HR = 0.16; P = 0.006), 
resulting in an 84% reduction in mortality in the former 
subgroup. There were no differences in the rate of 
cirrhosis complications between the two groups. Overall, 
the BLEPS trial demonstrated that adding SVT to the 
standard of care in patients who recover from an acute 
variceal bleeding episode improves survival in CTP class 
A or B, without reducing cirrhosis complications. Taking 
into account all outcomes of this trial, the authors 
concluded that in CTP class C patients, SVT would not be 
safe nor effective, because it would cause muscle injury 
and not improve survival, respectively. 
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Our group evaluated the survival of patients with 
decompensated cirrhosis and cardiovascular risk factors 
in a retrospective, matched study of cases (agreed to 
add SVT to standard treatment) and series (did not 
agree to add SVT).38 Nine patients were included in each 
group and were matched 1:1 by age, gender, etiology 
of cirrhosis, CTP, and MELD scores. The median survival in 
the case group was 107 months, whereas in the series 
group, it was 20 months (HR = 0.14; P < 0.001). It is also 
worth noting the 86% reduction in mortality. Two findings 
underpinned this outcome. Firstly, further complications 
were reduced: during the follow-up, the mean interval 
between cirrhosis complications in the case group was 
significantly longer (33.6 ± 19.9 months) than in the series 
group (9.4 ± 8.2 months). Secondly, in the series group, 
there was a significant increase in cirrhosis severity at the 
end of the study compared with baseline (evaluated 
through CTP and MELD scores); remaining unchanged in 
the case group. Thus, this study showed that the addition 
of SVT to the standard therapy in patients with 
decompensated cirrhosis and cardiovascular risk factors 
was clinically relevant compared to standard treatment, 
as this intervention significantly improved survival. Taken 
together, both the BLEPS trial32 and our study38 showed 
an 85% reduction in mortality. However, considering that 
death was a secondary endpoint in the BLEPS trial, and 
our study design was retrospective and non-randomized, 
RCTs with mortality as a primary endpoint should confirm 
this outcome. 
 

An editorial with a suggestive title, “Statins in Cirrhosis: 
The Magic Pill?” makes relevant reflections about the 
efficacy of SVT in patients with decompensated cirrhosis 
in the BLEPS trial.39 The authors point out that SVT 
increased survival when added to the standard treatment 
for variceal bleeding, but does not prevent further 
cirrhosis complications. They speculate that SVT might 
improve some unknown liver function or mechanism. 
Alternatively, they also considered whether SVT would 
have any anti-inflammatory action. 
 

In this sense, the safety trial led by our group also 
demonstrated that SVT administration reduced the 
severity of cirrhosis (assessed by CTP class) in patients 
with decompensated cirrhosis.36 This outcome led us to 
make a secondary analysis of this trial.40 The primary 
endpoint was the cirrhosis severity, and the secondary 
endpoints were the health-related quality of life (HRQoL) 
and the hospitalizations for cirrhosis complications. At 
baseline, 93% of patients were CTP class A or B, which 
means mild-to-moderate cirrhosis severity. The study 
demonstrated that cirrhosis severity decreased 
significantly when comparing baseline with the end of the 
safety trial (EST), only across the CTP score (7.3 ± 1.3 
versus 6.7 ± 1.7) and CTP class. In this regard, the major 
outcome was that 12 patients improved from CTP class B 
to CTP class A, and only three patients worsened from 
CTP class A to CTP class B. This result suggests that SVT 
reduces cirrhosis severity in patients with relatively 
preserved liver function at baseline, such as CTP class A 
or CTP class B. On the contrary, increased cirrhosis 
severity would hinder the improvement of compromised 
liver function in CTP class C patients. On the other hand, 
due to changes in cirrhosis severity and differences in 
clinical outcomes, fifteen patients completed the trial as 

CTP class A, while another fifteen completed it as CTP 
class B/C. This result occurred in a context of chronic, low-
grade inflammation at baseline, characterized by white 
blood cell (WBC) counts greater than 5.0×109/L. In 
addition, when evaluating at baseline CTP class A versus 
CTP class B/C patients at EST, the first group showed: 1) 
higher albumin (> 3.0 g/dL), and 2) higher high-density 
lipoprotein cholesterol (HDL-cholesterol) (> 38 mg/dL). 
When analyzing EST versus baseline, only in the CTP class 
A at EST, there was a significant reduction in WBC, 
neutrophil, and monocyte counts, as well as C-reactive 
protein levels. Likewise, these patients showed a 
significant increase in serum albumin and a recovery in 
HRQoL. Moreover, admissions for cirrhosis complications 
significantly decreased in CTP class A (9%) compared to 
CTP class B/C at EST (69%). Taken together, SVT would 
reduce cirrhosis severity only in CTP class A/B patients 
with chronic low-grade inflammation and a suitable anti-
inflammatory protein and lipid milieu at baseline 
(possibly by reducing systemic chronic inflammation). 
Furthermore, through this anti-inflammatory effect, only 
the CTP class A at EST would improve HRQoL and lessen 
admissions due to cirrhosis complications. Finally, a recent 
trial reported that in patients with suboptimal response to 
NSBB, the administration of carvedilol and SVT 
significantly reduced the CTP score at the end of the trial 
compared to baseline, an improvement not seen in the 
group that received carvedilol plus placebo.41 

 

Futility of simvastatin in high cirrhosis 
severity and in acute-on-chronic liver 
failure patients 
In a cirrhotic rat model, administering SVT before the 
development of acute-on-chronic liver failure (ACLF) 
induced by lipopolysaccharide injection, it was noted: 1)  
amelioration of hepatic sinusoid dysfunction, 2) conferred 
a hepatic and systemic anti-inflammatory effect, 3) 
decreased hepatic oxidative stress, 4) improved hepatic 
NO production, and 5) enhanced survival.42 These 
experimental SVT outcomes encouraged its investigation 
in ACLF –a syndrome characterized by a severe systemic 
inflammatory response, single or multiple organ failure, 
a 90-day mortality exceeding 50%, and no established 
treatment.43  

 
Shortly thereafter, the Veterans Health Administration 
published two retrospective cohort trials on statins and 
ACLF.44, 45 In the first one, of 84,963 patients with 
cirrhosis, 8,558 were hospitalized for ACLF, 3,290 
received statins, and 5,268 did not. Statins exposure 
reduced the risk of developing ACLF by 38%. Higher 
statin doses and longer treatment duration intensified the 
protective effect of these drugs against new ACLF 
events.44 In the second trial, 11,731 patients were 
admitted for ACLF, 3,017 took statins, and 8,714 did not. 
Prior statin use was associated with an 18% reduction in 
ACLF-related mortality at 28 days, and a 24% reduction 
at 90 days.45 In brief, the results of these studies showed 
that statins would be effective in patients with ACLF. 
However, both studies claimed that there is a need for 
prospective studies to validate these outcomes, as well as 
to evaluate the safety of statins in patients with severely 
decompensated cirrhosis and ACLF. 
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Recently, a parallel group, placebo-controlled trial was 
conducted in 14 European university hospitals in 
decompensated cirrhosis.46 Patients received either SVT 
20 mg/day and RFX 1,200 mg/day or a placebo of 
both drugs for 12 months. The study included only CTP 
class B/C patients. The primary endpoint was ACLF 
incidence, and the secondary endpoints were transplant 
or death and a composite of complications of cirrhosis. 
Among the 237 participants randomized, 194 were CTP 
class B, and 43 were CTP class C. Results showed that 
there were no differences between the treatment vs. 
placebo groups in ACLF development (17.9% vs. 14.2%), 
transplant or death (18.8% vs. 24.2%), or further 
decompensations (42.7% vs. 45.8%), respectively. In 
addition, serious adverse events (37.6% vs. 41.7%) and 
fatal adverse events (14.5% vs. 14.2%) were similar 
between the groups. Only in the SVT + RFX group, three 
patients (2.6%) developed rhabdomyolysis. In summary, 
this RCT did not confirm that adding SVT + RFX to 
standard treatment for severe liver disease, such as CTP 
class C, would reduce the occurrence of ACLF or improve 
survival. In line with the outcomes of this trial, in the 
context of sepsis (which is also associated with acute high-
grade inflammatory response and high life-threatening 
organ failure and mortality), a systematic review and 
meta-analysis of six RCTs involving 1,720 patients 
showed that statins did not improve survival compared to 
placebo.47 
 

Learning about simvastatin treatment in 
patients with decompensated cirrhosis 
Based on the points discussed above, this article aims to 
summarize the lessons learned from the few published 
clinical trials on the treatment of decompensated cirrhosis 
with SVT.  
1. In decompensated cirrhosis patients, SVT 40 mg/day 

and/or CTP class C were associated with concerning 
side effects, especially muscle damage, and to a 
lesser extent, liver injury.32, 35, 36 

2. Muscle damage and liver injury (the latter in one 
trial) were clinically significant adverse events 
because they led to SVT dose reduction or SVT 
discontinuation.32, 35, 36 

3. Based on 1 and 2, in decompensated cirrhosis 
patients, the SVT dose would be up to 20 mg/day, 

and should be administered only to CTP class A/B 
and MELD score < 12 patients.35, 36  

4. SVT decreases cirrhosis severity, possibly through a 
reduction of the systemic chronic inflammation, only in 
patients who at baseline: I) are classified as CTP class 
A/B, and II) have a record of a suitable protein and 
lipid anti-inflammatory environment.40 

5. SVT would be clinically beneficial in patients who 
have achieved a CTP class A, by improving HRQoL 
and reducing hospitalizations due to cirrhosis 
complications.40 

6. The addition of SVT to standard treatment in CTP 
class A/B patients would increase survival.32, 38 

7. In CTP B (probably without a basal anti-inflammatory 
milieu) and C patients, the efficacy of SVT would 
decrease significantly.32, 46 

 

Conclusions 
Based on lessons learned SVT 20 mg/day should only be 
administered to patients who at baseline showed: 1) mild 
to moderate cirrhosis severity (CTP class A/B and MELD 
score ≤ 12), 2) chronic low-grade inflammation (WBC > 
5.0x109/L), and 3) an adequate anti-inflammatory 
milieu (albumin > 3.0 g/dL and HDL-cholesterol > 38 
mg/dL), which would result in fewer hospitalizations for 
cirrhosis complications, improved quality of life, and 
increased survival. A summary of the conclusions is shown 
in Figure 1. Finally, given the limited availability of 
treatments targeting key pathophysiological mechanisms 
of decompensated cirrhosis, future RCTs should 
demonstrate that an inexpensive drug like SVT could 
become a valuable tool in its treatment. 
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Figure 1. The lessons learned on the treatment of decompensated cirrhosis with simvastatin. In patients with suitable 
baseline characteristics, the administration of simvastatin 20 mg/day causes a reduction in systemic inflammation and 
cirrhosis severity (the mechanisms by which statins would work), which would lead to supposed clinical outcomes. 
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