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Abstract

AIM: To evaluate the impact of metadoxine (MTD) on the 3- and 6-mo survival of patients with severe alcoholic hepatitis (AH). 

METHODS: This study was an open-label clinical trial, performed at the “Hospital General de México, Dr. Eduardo Liceaga”. We randomized 135 patients who met the criteria for severe AH into the following groups: 35 patients received prednisone (PDN) 40 mg/d, 35 patients received PDN+MTD 500 mg three times daily, 33 patients received pentoxifylline (PTX) 400 mg three times daily, and 32 patients received PTX+MTD 500 mg three times daily. The duration of the treatment for all of the groups was 30 d. 

RESULTS: In the groups treated with the MTD, the survival rate was higher at 3 mo (PTX+MTD 59.4% vs PTX 33.3%, P = 0.04; PDN+MTD 68.6% vs PDN 20%, P = 0.0001) and at 6 mo (PTX+MTD 50% vs PTX 18.2%, P = 0.01; PDN+MTD 48.6% vs PDN 20%, P = 0.003) than in the groups not treated with MTD. A relapse in alcohol intake was the primary independent factor predicting mortality at 6 mo. The patients receiving MTD maintained greater abstinence than those who did not receive it (74.5% vs 59.4%, P = 0.02). 

CONCLUSION: MTD improves the 3- and 6-mo survival rates in patients with severe AH. Alcohol abstinence is a key factor for survival in these patients. The patients who received the combination therapy with MTD were more likely to maintain abstinence than those who received monotherapy with either PDN or PTX. 
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Core tip: Severe alcoholic hepatitis (AH) has a high mortality rate. Oxidative stress and the depletion of mitochondrial glutathione are factors implicated in injury to the liver. Metadoxine (MTD), an antioxidant that participates in the synthesis of glutathione and inhibits hepatic lipid accumulation, appears to be a novel therapeutic agent in patients with severe AH because it improves their 3- and 6-mo survival. The patients who received MTD were also better able to abstain from alcohol use, which is a key factor contributing to the improved survival in patients with severe AH.

INTRODUCTION

Severe alcoholic hepatitis (AH) has a high mortality rate despite its standard therapy[1,2]. Some populations, such as Hispanics, have responded poorly to standard therapy and show a mortality rate similar to those treated with placebos, particularly in patients classified as Age-Bilirubin-International normalized ratio-Creatinine (ABIC) classes B and C[3-5]. Therefore, it is important to search for new therapeutic options that are effective and safe.

Acute and chronic alcohol exposure is associated with high oxidative stress[6] and liver injury mediated by acetaldehyde[7,8]. Reactive oxygen species (ROS) are responsible for activating redox-sensitive transcription factors, such as nuclear factor-kappa B (NF-B), thereby maintaining a pro-inflammatory profile[7].

Metadoxine (MTD), an antioxidant, participates in the synthesis of glutathione (GSH) and inhibits hepatic steatosis[9]. The preliminary findings in patients with severe AH have demonstrated that MTD in combination with glucocorticoids improves the survival rates at 30 and 90 d as well as the response to steroid therapy, according to the Lille score[10].

The aim of this study was to evaluate the impact of MTD added to standard therapy using prednisone (PDN) or pentoxifylline (PTX) compared with monotherapy on the 3- and 6-mo survival rates of patients with severe AH. 

MATERIALS AND METHODS
Study design

This study was a randomized, open-label clinical trial, performed at the “Hospital General de Mexico, Dr. Eduardo Liceaga”, Mexico City, from April 2010 to December 2013. 

Sample size calculation

We used the Epidat 3.1 (Galicia, Spain 2006) statistical program to calculate the sample size, considering a difference in the survival rate at 3 mo of 30% between the groups receiving MTD and those receiving the standard treatment to be significant. We also considered a two-tailed confidence level of 95%, a potency of 80%, and an additional 20% of subjects as potential losses. There were a total of 35 patients per group.

Inclusion criteria

Patients between 18 and 65 years old who met the clinical and biochemical criteria of severe AH[11,12], as characterized by a history of chronic and heavy alcohol intake (> 80 g/d for the previous 5 years), the rapid onset of jaundice in the absence of a biliary tract obstruction, painful hepatomegaly and ascites, transaminases ≥ two times above the normal value, an aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio ≥ 2, neutrophilia, a total bilirubin > 5 mg/dL, and a Maddrey’s discriminant function > 32 (calculated with the formula [4.6 × (patient prothrombin time (PT)-control PT, in seconds) + total bilirubin in mg/dL]), were included in the study.

Exclusion criteria

Patients with acquired immunodeficiency syndrome; neoplasms; autoimmune diseases; psychiatric disorders other than alcoholism, such as depression and anxiety according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-Ⅳ); a history of atopy or asthma; diabetes; obesity; pregnancy; hepatitis B or C virus infection; or tuberculosis were excluded from the study. 

Patients with an intake of illicit drugs, herbal products, antioxidant supplements (multivitamins, S-adenosyl-L-methionine, MTD, silymarin), or previous treatment with steroids or PTX within the previous two years were excluded. 

Patients without family support or without access to telephone communication were also excluded.

Pre-inclusion screening

We obtained written informed consent from all of the patients before they were enrolled in the study. On the day of admission, we performed a clinical history and collected peripheral blood samples to determine each patient’s glucose, urea, creatinine, total bilirubin, alkaline phosphatase, gamma glutamyl transpeptidase, ALT, AST, sodium, potassium, albumin, leucocytes, neutrophils, hemoglobin, platelets, PT and international normalized ratio levels. The patients were also tested for HBsAg, anti-HBs, anti-HBc, IgM anti-HBc, with serological screening for the hepatitis C virus and human immunodeficiency virus. The screening for bacterial infections included urine, blood and ascites cultures, as well as chest radiography and a neutrophil count in ascites. A liver ultrasound and endoscopy were performed to determine the presence of varices in all of the patients. 

Randomization and treatment groups

The patients were randomized into four treatment groups. For the randomization, we used the Epidat 3.1 statistical program (Galicia, Spain 2006) to construct a table of random numbers to compose four groups of equal size (Figure 1).

 We evaluated 217 patients who met clinical and biochemical criteria for severe AH. However, 82 subjects met one or more exclusion criteria: 47 were diabetics, 12 had hepatitis C chronic infection, 8 consuming illicit drugs, 7 were previously treated with steroids, 3 were previously treated with PTX, 3 did not sign consent form, 1 had also hepatocellular carcinoma, and 1 had also hepatitis B chronic infection. Therefore, 135 subjects who met all eligibility criteria and provided written informed consent were randomly assigned to one of four groups of treatment: A group receiving PDN (at a dose of 40 mg once daily); a group receiving PDN (at a dose of 40 mg once daily) and MTD (at a dose of 500 mg three times daily); a group receiving PTX (at a dose of 400 mg three times daily); a group receiving PTX (at a dose of 400mg three times daily) and MTD (at a dose of 500 mg three times daily). In all cases, the duration of treatment was 30 d, or until death if it occurs earlier. The 500-mg metadoxine tablets (Abrixone®) were provided by Eurodrug Laboratories as a donation for our institution. The 40-mg prednisone tablets and the 400-mg pentoxifylline tablets provided by our institution. Eurdorug Laboratories provided comments regarding the study design but were not involved in the writing of the protocol, the conduct of the trial, the decision-making with respect to the trial, the analysis of the data, or the preparation of the manuscript. The doses were selected on the basis of previous studies[1,2,13]. The dose for metadoxine was selected on the basis of the study conducted by Caballería et al[13].

Study phase and endpoints

The primary endpoints were the 3- and 6-mo survival rates. The secondary endpoints were the development or progression of acute renal failure (ARF), variceal bleeding (VB), hepatic encephalopathy (HE), bacterial or fungal infections, adverse effects and a relapse to alcohol consumption between 30 d and 6 mo of the follow-up. We also performed a sub-analysis stratifying the patients according to their ABIC class.

 The patients were monitored weekly during the first month, two times per month during the second and third months, and monthly thereafter until 6 mo. Each visit included a clinical examination and the collection of peripheral blood samples. During the first two weeks, all of the patients were hospitalized; subsequently, each investigator determined the duration of the hospitalization. For the hospitalized patients, the medications were administered under the supervision of physicians and nurses. For outpatients, adherence to treatment was monitored by a family member and reported in a control diary. To increase compliance with the medication regimen, the patients were required to return the empty blisters at each visit. 

In patients who were suspected of developing an infection during the study, cultures and chest radiography were performed if necessary. In patients who developed odynophagia or dysphagia, an endoscopic study was performed to identify esophageal candidiasis; when suspicious lesions were observed, brushing and mycological examinations were performed. 

Management of complications

ARF: This condition was defined according to the criteria of the Acute Kidney Injury Network as an abrupt reduction (48 h) in renal function characterized by an increase of 0.3 mg/dL in the serum creatinine compared with the baseline value. The patients who had a baseline value of serum creatinine ≥ 1.5 mg/dL at the time of admission were considered to have ARF[14,15]. These patients were treated with intravascular volume expansion using an albumin infusion at 1 g/kg for 48 h. The patients who did not respond to this treatment were evaluated for hepatorenal syndrome (HRS) according to the Ascites International Club criteria and were treated with a vasopressor (terlipressin or norepinephrine) and intravascular volume expansion with albumin[16,17]. 

HE: This condition was defined clinically by both neuropsychiatric alterations and neuromuscular signs according to the West-Haven criteria[18]. Patients with an HE grade of Ⅰ or Ⅱ were treated orally with L-ornithine-L-aspartate. Patients with an HE grade of Ⅲ or Ⅳ were treated intravenously with L-ornithine-L-aspartate. In patients for whom L-ornithine-L-aspartate was contraindicated, oral lactulose for HE grades Ⅰ or Ⅱ and lactulose enemas for HE grades Ⅲ or Ⅳ were prescribed.

VB: This condition was defined by the presence of melena or hematemesis associated with gastroesophageal varices as determined by an endoscopy. These patients were treated with terlipressin or octreotide, and fresh frozen plasma and blood were transfused as necessary. An endoscopic band ligation for esophageal varices or cyanoacrylate injection for gastric varices was performed, and antibiotic prophylaxis was prescribed. Subsequently, the patients received a secondary prophylaxis[19]. 

Spontaneous bacterial peritonitis: This condition was defined and treated according to the most recent guidelines of the European Association for Study of Liver Diseases[17].

Other infections: Urinary tract infections were diag​nosed in the patients having urinary symptoms that were associated with abnormal urinary examinations and urinary cultures, including a bacterial count greater than 100000 CFU. An antibiotic therapy was prescribed based on the results of the urinary cultures. 

Pneumonia was diagnosed in the patients who developed a cough with expectoration and confirmation on the chest X-ray. Treatment was initiated with ceftriaxone and clarithromycin, after which the antibiotic therapy was adjusted depending on the sputum culture results. 

When patients developed odynophagia or dysphagia, esophageal candidiasis was suspected. The diagnosis was confirmed through oral cavity examinations and an endoscopy indicating the presence of compatible lesions; brushing was performed for a mycological examination in all of the cases, and treatment with fluconazole 100 mg twice daily was prescribed. 

Patients with diarrhea were evaluated by microscopic examinations of fresh stool and stool cultures. These patients were treated empirically with ciprofloxacin and/or metronidazole. 

Statistical analysis

The statistical methods of this study were reviewed by Fátima Higuera-de la Tijera, MD, MSc. and José L. Pérez Hernández, MD, MSc. From the “Hospital General de México, Dr. Eduardo Liceaga”. The dis​tribution of variables was analyzed; in cases of quantitative variables with a non-normal distribution base, a 10-logarithmic transformation was performed to normalize their distribution for the analysis using parametric tests. Descriptive statistics were used. The quantitative variables were expressed as the mean ± SD, and the qualitative variables were expressed as proportions and percentages. To compare the basal characteristics between the groups, a one-way ANOVA was performed for the quantitative variables. Tukey’s or Tamhane’s T2 tests were used according to the homogeneity of the variance for the post hoc tests, and a 2 test with Yates correction or Fisher’s exact test were used for the qualitative variables. To compare the primary and secondary endpoints between the groups, an analysis with an intention to treat (ITT) was conducted. The 2 test with a Yates correction, Fisher’s exact test or Student’s t-test was used when needed, based on the variable type. A survival analysis was performed using Kaplan-Meier curves to evaluate the 3- and 6-mo survival and to evaluate the alcohol intake relapse between 30 d and 6 mo of follow-up and compare it with the log-rank test. To identify the main risk factors associated with 6-mo mortality, a multivariate analysis using a Cox regression was conducted. SPSS version 18.0 (Chicago, IL, United States 2009) and Epidat 3.1 (Galicia, Spain 2006) were used to perform the statistical analyses. A two-sided P value of 0.05 was considered to be statistically significant.

RESULTS

The baseline characteristics of the patients are listed in Table 1. In the groups receiving MTD, the survival rate was significantly higher at 3 mo than in the groups not receiving MTD: PTX+MTD 19/32 (59.4%) vs PTX 11/33 (33.3%), P = 0.04; PDN+MTD 24/35 (68.6%) vs PDN 7/35 (20%), P = 0.0001 (Figure 2). 

In the groups receiving the MTD, the survival rate was significantly higher at 6 mo than in the groups not receiving MTD: PTX+MTD 16/32 (50%) vs PTX 6/33 (18.2%), P = 0.01; PDN+MTD 17/35 (48.6%) vs PDN 7/35 (20%), P = 0.003; (Figure 3).

There was no difference in the survival rates between the PDN and PTX monotherapy groups at 3 and 6 mo. There was no difference in the survival rate between the PDN+MTD and PTX+MTD groups at 3 and 6 mo.

According to their ABIC class, 13 patients (9.6%) were classified as class A, 82 patients (60.7%) as class B, and 40 patients (29.6%) as class C. The global survival according to the ABIC class was 10 patients (76.9%) for class A, 42 patients (51.2%) for class B, and 9 patients (22.5%) for class C. We performed a sub-analysis stratifying patients according to their ABIC class according to the two different groups of treatment into the group of 67 patients who received concomitant therapy with MTD (MTD Group) and the group of 68 patients who did not receive MTD (the standard therapy or ST Group). The improvement in the survival in the MTD Group was observed primarily in the ABIC class B: the MTD Group 30/38 (78.9%) vs the ST Group 12/44 (27.3%), P = 0.0001. There were no significant differences between the treatment groups in either the ABIC class A or ABIC class C patients: the MTD Group 6/6 (100%) vs ST Group 4/7 (57.1%) P = 0.19, and the MTD Group 7/23 (30.4%) vs ST Group 2/17 (11.8%) P = 0.25, respectively. 

Regarding the development of complications at 3 mo of follow-up, there was significantly less development of HE and HRS in the patients who received the concomitant therapy vs the patients who received the PDN alone. There was no difference between the PTX+MTD vs the PTX group. Neither were there any differences among the groups regarding the development of VB or infections (Table 2)

The occurrence of adverse effects was similar in all of the groups, principally consisting of epigastric burning, nausea and vomiting, due to which 12 patients dropped out of the study. The patients who dropped out included 4 patients in the PDN and MTD group, 3 patients in the PDN group, 2 patients in the PTX group, and 3 patients in the PTX and MTD group. These patients were included in the ITT analysis because we verified that they had received at least 80% of the treatment. Serious adverse effects were not reported in any of the groups. 

Maintenance of abstinence: Seventy-nine of the patients survived after 30 d (the end of therapy), 54 (68.4%) of whom had maintained alcohol abstinence and 25 (31.6%) of whom had relapsed into alcohol intake at 6 mo of follow-up. When we compared the groups, the patients receiving MTD were better able to maintain abstinence than the patients who did not receive MTD; MTD Group 35/47 (74.5%) vs ST Group 19/32 (59.4%), P = 0.02.

In the multivariate analysis, a relapse in alcohol intake was the primary independent factor predicting mortality at 6 mo. Additionally, the coexistence of cirrhosis on the ultrasound was identified as a predictor factor that was associated with mortality at 6 mo. In this study, the quantity of the alcohol intake was not associated with the 6-mo mortality. On the other hand, the treatment with MTD was identified as a protective factor (Table 3).

DISCUSSION

The mortality rate in our patients was high despite the treatment with PDN or PTX. However, other studies in Mexican population have also shown a high mortality rate and a poor response to steroid therapy. In a cross-sectional study, Ruíz-Zavála A reported a failure to respond to corticosteroids, evidenced by a Lille score greater than 0.45 in 90% of the patients diagnosed with alcoholic hepatitis (a mean Lille score of 0.80 ± 0.18)[20]. Additionally, in a clinical trial in Mexican patients with severe AH that compared treatment with PTX vs treatment with PDN, the mortality rate at 30 d was high, at 46.6% vs 59.9%, respectively, and there was no difference between the groups (P = 0.30)[3]. If we compare the mortality rates according to the ABIC class, Mexican patients have a higher mortality rate than other populations despite the treatment with steroids or PTX. The survival rate in the Mexicans vs the Europeans according to their ABIC class was as follows: an ABIC class of A, 81% vs 100%; an ABIC class of B, 50% vs 70%; and an ABIC class of C, 13% vs 25%, respectively[4,5]. The quantity of the alcohol intake may be an explanation for the higher mortality observed in the Mexican population, as Altamirano et al[5] demonstrated that the consumption of more than 120 g per day of alcohol is associated with greater mortality[5]. In our study, the mean alcohol intake was greater than 300 g per day. Moreover, Mexican-American males have a higher prevalence of alcoholic cirrhosis and a higher mortality rate compared with Caucasians[21]. 

Controversial results exist concerning whether steroids or PTX is superior for improving the survival of patients with severe AH. In our study, there was no difference in the survival between the PDN and the PTX groups. Neither was there a difference in the survival between the PDN+MTD and PTX+MTD groups. However, in 2009, De et al[22] performed a randomized, double-blind, controlled clinical trial to compare the efficacy of PTX and prednisolone in the treatment of severe AH. In this study, the probability of dying at 3 mo was higher in the prednisolone group compared with the PTX group (35.29% vs 14.71%, P = 0.04; log rank test). In 2013, a systematic review by Parker et al[2] that included ten trials and a total of 884 patients found that PTX appears to be superior to a placebo in the prevention of fatal HRS and thus may be an effective treatment for severe AH when corticosteroids are contraindicated. However, multiple trials have failed to show the superiority of either PTX or steroids. More recently, Park et al[23] found that PTX was not superior to prednisolone for improving the 6-mo survival rate (64.5% vs 72.9%, respectively; P = 0.23). The investigators in the “Steroids or Pentoxifyllline for Alcoholic Hepatitis” (STOPAH) trial[24], recently presented their findings at the Liver Meeting 2014 in Boston, Massachusetts. The STOPAH trial was a multicenter, double-blind, factorial (2 × 2) trial that included 1103 patients who were randomized to one of four groups: prednisolone + placebo, PTX + placebo, prednisolone + PTX, or a double placebo group. The investigators found that prednisolone, but not PTX, was associated with a lower risk of 28-d mortality. In contrast, the mortality rate in the group that received PTX was similar to the mortality rate of those who received the double placebo. Beyond 28 d, neither of the drugs was associated with a survival benefit, and infections were approximately twice as frequent in the prednisolone group. 

Our study shows that treatment with MTD may have a protective role, as it improves 3- and 6-mo survival rates. MTD is the ion pair between pyridoxine and pyrrolidone carboxylate, the cyclic amide of glutamic acid that is responsible for the synthesis and catalysis of GSH[25]. Alcohol exposure is associated with high oxidative stress[6]. The oxidative pathway for metabolizing alcohol involves alcohol dehydrogenase (ADH) and acetaldehyde dehydrogenase, and both of these enzymatic reactions reduce nicotinamide dinucleotide (NAD) to its reduced form of NADH. An excess of NADH causes several metabolic disorders, including the inhibition of the Krebs cycle and fatty acid oxidation, which favors steatosis and hyperlipidemia[8]. Acetaldehyde participates in alcohol-mediated liver injury by causing cellular damage, inflammation, and fibrogenesis[7]; it promotes cell death by depleting the concentration of reduced GSH, inducing lipoperoxidation, and increasing the toxic effect of the free radicals. The ROS can oxidize and damage the DNA, proteins and unsaturated fatty acids, thereby altering cell function[6].

The oxidation of alcohol also occurs through cytochrome P450’s generation of ROS, such as hydrogen peroxide and superoxide ions. In particular, cytochrome P450 2E1 (CYP2E1) is increased several-fold and contributes to lipoperoxidation and liver injury. CYP2E1 also converts alcohol to acetaldehyde. The ROS are responsible for activating the redox-sensitive transcription factors, such as NF-B, and maintaining a pro-inflammatory profile[7]. Other cytochromes, such as CYP1A2 and CYP3A4, may also contribute to the metabolism of ethanol[8]. 

Several studies have demonstrated that MTD increa​ses the metabolism and depuration of ethanol[26,27] and acetaldehyde in the liver and plasma and prevents the damage caused by ethanol and acetaldehyde in both hepatocytes and hepatic stellate cells[28]. MTD also restores the concentrations of NAD, GSH[29] and adenosine triphosphate in the brain and liver[30,31] and acts as an antioxidant because the ion-pair molecule is capable of dissociating into N-oxide, which acts as scavenger to trap the ROS and free radicals[32,33]. MTD inhibits the synthesis of the fatty acid esters in the liver, reduces the hepatic content of the trigly​cerides and prevents the injuries associated with lipoperoxidation[13,34-36]. 

The global survival according to the ABIC class in our patients was similar to that reported by Altamirano et al[5] in a previous cohort of Mexican patients. The majority of our patients (60.7%) were categorized as ABIC class B. We believe that the greatest benefit that we observed using MTD therapy in the ABIC class B may have occurred because this group had the largest proportion of the patients compared with the ABIC classes A and C. However, further studies that include more patients who are categorized as ABIC classes A and C are needed to validate this assumption.

In regard to the development of complications, there was significantly less development of HRS in patients who had received PDN+MTD compared with those who received PDN alone at the 3-mo follow-up. Although there was no significant difference between PTX+MTD and PTX alone, 14.1% fewer patients in the group treated with PTX+MTD developed HRS compared with the patients who received PTX alone (34.4% vs 48.5%, respectively). In our study, MTD had a protective effect on renal function. Previous studies have shown that MTD decreases the formation of acetaldehyde macromolecular adducts in all targets of ethanol toxicity, including the brain, liver and kidneys. The effect in the kidneys is due to two mechanisms of action: the inhibition of adduct formation and the increased excretion rate of acetaldehyde[37]. 

The impaired renal function is closely associated with the elevation of inflammatory markers (tumor necrosis factor-, interleukin-1, and interleukin-6), leading to both an increase in markers of oxidative stress and a decreased in antioxidants[38-40]. All of these mechanisms are involved in the pathophysiology of SAH and could be modulated by MTD therapy. 

There was less development of HE in the patients receiving therapy with PDN+MTD compared with those who received PDN alone. Moreover, 10.9% fewer patients developed HE in the group treated with PTX+MTD compared with the patients who received PTX alone (51.5% vs 40.6%, respectively). In our study, MTD demonstrated a protective effect over the patients’ mental status. Pyrrolidone carboxylate is an intermediate in the -glutamyl cycle, which is an amino acid transport system into the cell through the cell membrane. Unlike glutamic acid, the uptake of pyrrolidone carboxylate by the central nervous system (CNS) is possible because it crosses the hemato-encephalic barrier. In the CNS, it exerts a number of actions on the cognitive and memory functions that are affected by alcohol, and it is important and clinically relevant to restore those superior functions. Once hydrolyzed by oxoprolinase, the open glutamic acid becomes available for important metabolic processes. Its derivative, N-acetyl glutamate, which is released in the subsequent metabolic steps, plays an essential role in maintaining the nitrogen balance because it activates the carbamoyl-synthetase I, a key enzyme in the urea cycle. Furthermore, by reacting with oxaloacetate, an intermediate of the Kreb’s cycle, it participates in the biosynthesis of aspartate, an essential element in the urea cycle, which is therefore activated from two different entry points. In addition, glutamate may react with ammonia to form glutamine, thereby contributing to the elimination of toxic ammonia and to the nitrogen fixation by the organism[25,41-43]. 

In our study, a relapse in alcohol intake was the primary independent factor predicting mortality at 6 mo. Alcohol abstinence is considered to be the cornerstone of the management of AH. In the results from the STOPAH trial[24], a relapse in alcohol consumption had a deleterious effect; at 1 year, the patients who either did not reduce or who increased their alcohol consumption had a 3-fold risk for death compared with the patients who abstained (OR = 2.99; P < 0.001). The patients who reduced their alcohol consumption but not below a safe level still had a more than a 2-fold risk for death at 1 year compared with the patients who abstained (OR = 2.28; P = 0.032), as did the patients who reduced their alcohol consumption to below a safe level (OR = 2.17; P = 0.031). Wang et al[44] demonstrated that alcohol abstinence ameliorates AH by decreasing the liver enzyme and fibrotic markers and improving hepatic steatosis. In our study, the therapy with MTD helped patients to maintain alcohol abstinence. This finding is similar to those reported by several studies that have demonstrated that MTD is an effective therapy for abstinence[45-49]. Currently, disulfiram, naltrexone and acamprosate are approved for the treatment of alcoholic dependency; however, all of these medications are contraindicated in patients with severe liver disease[44], such as our patients. Patients who have recovered from an episode of severe alcoholic hepatitis must be supported in maintaining alcohol abstinence without risk or compromise to their liver function. Bono et al[49] found that alcoholic patients who received treatment with MTD achieved alcohol abstinence in a greater proportion compared with those who did not receive it. More recently, an interesting retrospective analysis by Leggio et al[45] found that patients with ALD who were treated with MTD had a significant decrease in drinks per week and demonstrated an improvement in the AST/ALT ratio compared with those who did not receive it. The beneficial neurological effects of MTD therapy in patients with attention-deficit/hyperactivity disorder have been demonstrated in several studies conducted by Manor et al[50-52]. In animal models, the effects of MTD on CNS have been studied. Ethanol and acetaldehyde increase the activity of dopamine neurons in the reward areas of the CNS, and these actions are associated with the rewarding and reinforcing properties of the ethanol. MTD may favor abstinence through its ability to metabolize and to clear ethanol and its metabolites from the organism, as well as through its direct effect on neurotransmitters such as gamma-aminobutyric acid, acetylcholine and dopamine, all of which are involved in the neurobiology of alcohol craving[45-52].

In this study, the presence of cirrhosis on the ultrasound was identified as a predictive factor associated with 6-mo mortality. In a study by Altamirano et al[53], the degree of fibrosis, degree of neutrophil infiltration, type of bilirubinostasis, and presence of megamitochondria were independently associated with 90-d mortality. 

In conclusion, MTD improves the 3- and 6-mo survival in patients with severe AH, and it has a tendency to improve serious complications, such as HRS and HE, particularly when it is added to PDN. The greatest benefit of MTD therapy was observed in the ABIC class B patients. However, further studies including a greater sample size with a larger number of severe AH patients categorized as ABIC classes A and C are needed to demonstrate whether MTD also improves survival in these groups. This study reaffirms the knowledge that alcohol abstinence is a key factor for survival in severe AH patients and that MTD is a safe therapy that helps to achieve this objective.
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Background

Severe alcoholic hepatitis is a disease with a high mortality rate despite the use of standard therapy with steroids or pentoxifylline. Oxidative stress plays a key role in the physiopathology of alcoholic hepatitis and therefore represents a novel therapeutic target that must be investigated. 

Research frontiers

Previous studies have demonstrated that metadoxine increases the meta​bolism and depuration of ethanol and acetaldehyde in the liver and the plasma and prevents the damage caused by ethanol and acetaldehyde in the hepatocytes and hepatic stellate cells. Metadoxine also acts as an antioxidant because its ion-pair molecule is capable of dissociating into N-oxide, which acts as scavenger to trap the reactive oxygen species and free radicals. Furthermore, metadoxine can prevent the steatosis and injury associated with lipoperoxidation. Metadoxine is a drug currently indicated for treating acute alcohol intoxication; several studies have also validated its use for treating alcohol dependence. However, until the current study, metadoxine had not been evaluated as a therapy for patients with severe alcoholic hepatitis.

Innovations and breakthroughs

In the current study, the authors found that metadoxine is an effective therapy for severe alcoholic hepatitis; the patients treated with metadoxine had better survival at 3 and at 6 mo compared with those treated with standard therapy with steroids or pentoxifylline. Furthermore, it is well known that alcohol abstinence is an important factor associated with long-term survival in these patients. In this study, the authors found that the patients who received metadoxine were more likely to maintain alcohol abstinence, and their greater abstinence may be related to the improvements in the 6-mo survival in the patients treated with this drug.

Applications

The results of this study suggest that metadoxine could be used as an effective therapy for patients with severe alcoholic hepatitis, and the validated results of other previous studies have found that metadoxine is an effective therapy to achieve alcohol abstinence.

Terminology

Severe alcoholic hepatitis is a condition characterized by a rapid onset of jaundice in the absence of biliary tract obstruction, painful hepatomegaly and ascites, transaminases ≥ two times above the normal values, an aspartate aminotransferase/alanine aminotransferase ratio ≥ 2, neutrophilia, a total bilirubin > 5 mg/dL, and a Maddrey’s discriminant function > 32 (calculated with the formula [4.6 × (patient prothrombin time (PT)-control PT, in seconds) + total bilirubin in mg/dL]), which occurs in patients with a history of chronic and heavy alcohol intake. Metadoxine is the ion pair between pyridoxine and pyrrolidone carboxylate, the cyclic amid of glutamic acid, which is responsible for the synthesis and catalyzation of glutathione. 
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This is an interesting study, focusing on a therapeutic area with largely unmet needs. This is a single-center open-label clinical trial comparing pentoxifylline, prednisone or metadoxine alone or in combination to assess their efficacy in severe alcoholic hepatitis. The results showed that the groups that received metadoxine achieved better survival. As in other studies, the maintenance of alcohol abstinence was the best predictor of survival. This study found that alcohol abstinence is an independent prognostic factor of the six-month mortality and that patients treated with metadoxine were more likely not to relapse into alcohol consumption. However, intervention did not prevent the complications associated with cirrhosis, which may be because the study was underpowered or that the effect of abstinence itself rather than the intervention was the main predictor for survival. 
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Figure 1  Enrollment and outcomes. 
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Figure 2  Kaplan Meier curves showing the 3-mo survival according to the treatment groups. Pentoxifylline + Metadoxine 59.4% vs Pentoxifylline 33.3%, Log rank test P = 0.04; Prednisone + Metadoxine 68.6% vs Prednisone 20%, Log rank test P = 0.0001. 
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Figure 3  Kaplan Meier curves showing the 6-mo survival according to the treatment groups. Pentoxifyne + Metadoxine 50% vs Pentoxifylline 18.2%, Log rank test P = 0.01; Prednisone + Metadoxine 48.6% vs Prednisone 20%, Log rank test P = 0.003.
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Table 1  Baseline characteristics of the patients


Characteristic�
PDN (n = 35)�
PDN+MTD (n = 35)�
PTX (n = 33)�
PTX+MTD (n = 32) �
P value�
�
Male, n (%)�
33 (94.3)�
32 (91.4)�
31 (93.9)�
28 (87.5)�
0.40�
�
Age, yr�
  43.1 ± 9.5�
  43.4 ± 9.0�
  43.4 ± 9.9�
  44.4 ± 9.1�
0.94�
�
Alcohol intake, g/d�
    313.7 ± 157.1�
    328.9 ± 142.5�
    365.9 ± 196.2�
    346.5 ± 173.6�
0.61�
�
Child-Pugh �
  12.4 ± 1.0�
  12.4 ± 0.9�
  12.6 ± 1.0�
  12.5 ± 1.0�
0.82�
�
Maddrey´s modified discriminant function �
    70.9 ± 25.6�
    67.3 ± 19.3�
    93.4 ± 84.7�
    78.3 ± 40.2�
0.14�
�
MELD�
  28 ± 4�
  29 ± 6�
  31 ± 9 �
  31 ± 7�
0.19�
�
ABIC�
8.199 ± 1.3�
8.604 ± 2.9�
8.675 ± 1.8�
8,677 ± 1.6�
0.73�
�
Urea, mg/dL Log10 �
    1.60 ± 0.34�
    1.64 ± 0.31�
    1.66 ± 0.32�
    1.64 ± 0.42�
0.94 �
�
Creatinine, mg/dL �
    1.5 ± 0.7�
    1.5 ± 0.8�
    1.7 ± 1.1�
    1.9 ± 1.5�
0.21�
�
Sodium, mEq/L�
131.3 ± 5.8�
132.7 ± 5.8�
130.9 ± 5.1�
131.7 ± 4.7�
0.57�
�
Albumin, mg/dL�
    1.9 ± 0.4�
    1.9 ± 0.5�
    1.8 ± 0.4�
    1.8 ± 0.5�
0.89�
�
Total bilirubin, mg/dL�
    24.4 ± 10.5�
    24.5 ± 10.1�
  23.0 ± 9.5�
    25.9 ± 11.6�
0.73�
�
Alkaline phosphatase, UI/L Log10�
    2.3 ± 0.2�
    2.3 ± 0.2�
   2.2 ± 0.2�
    2.4 ± 0.2�
0.29�
�
Gamma-glutamyltransferase, UI/L Log10�
    2.5 ± 0.3 �
    2.4 ± 0.3 �
   2.4 ± 0.4 �
    2.4 ± 0.3�
0.73�
�
Aspartate aminotransferase, UI/L Log10�
    2.3 ± 0.2�
    2.3 ± 0.2�
   2.2 ± 0.2�
    2.2 ± 0.3�
0.39�
�
Alanine aminotransferase, UI/L Log10 �
    1.7 ± 0.2�
    1.7 ± 0.2�
   1.7 ± 0.2�
    1.7 ± 0.4�
0.28�
�
Leucocytes, cell/mm3�
  20.9 ± 8.0�
  18.5 ± 8.0�
 19.5 ± 9.0�
    19.2 ± 10.3�
0.71�
�
Neutrophils, cell/mm3�
  16.2 ± 7.0�
  15.7 ± 7.5�
 16.6 ± 8.5�
  17.0 ± 9.9�
0.92�
�
Hemoglobin, g/dL�
  11.6 ± 2.7�
  11.8 ± 2.5�
 10.9 ± 3.0�
  11.4 ± 2.4�
0.52�
�
Platelets, cell/mm3�
    178.1 ± 119.5�
    186.0 ± 113.6�
   182.8 ± 117.7�
  153.0 ± 84.0�
0.61�
�
Prothrombin time in seconds�
  22.0 ± 5.8�
  21.1 ± 3.6�
   27.6 ± 18.5�
  23.2 ± 8.8�
0.06�
�
INR�
    1.9 ± 0.5�
    1.8 ± 0.3�
   2.4 ± 1.9�
    2.0 ± 0.7�
0.06�
�
Cirrhosis on liver ultrasound, n (%)�
25 (71.4)�
20 (57.1)�
26 (78.8)�
20 (62.5)�
0.24�
�
ABIC: Age-bilirubin-international normalized ratio-creatinine; INR: International normalized ratio; MELD: Model for end-stage liver disease; PDN: Prednisone; PDN+MTD: Prednisone + metadoxine; PTX: Pentoxifylline; PTX+MTD: Pentoxifylline + metadoxine.





Table 2  Development of complications at the 3-mo follow-up  n (%)


Complication�
PDN+MTD (n = 35)�
PDN (n = 35) �
PTX+MTD (n = 32)�
PTX (n = 33)�
P value2�
HR (95%CI)3�
P value4�
HR (95%CI)5�
�
HE �
   10 (28.6)�
   21 (60.0)�
13 (40.6)�
17 (51.5)�
   0.0081�
0.2 (0.1-0.7)�
0.38�
0.6 (0.2-1.7)�
�
HRS �
   11 (31.4)�
   19 (54.3)�
11 (34.4)�
16 (48.5)�
 0.051�
0.3 (0.1-1.0)�
0.25�
0.5 (0.2-1.5)�
�
VB �
   10 (28.6)�
   13 (37.1)�
11 (34.4)�
14 (42.4)�
0.44�
0.6 (0.2-1.8)�
0.51�
0.7 (0.2-1.9)�
�
Infections �
   11 (31.4)�
   14 (40.0)�
11 (34.4)�
12 (36.4)�
0.45�
0.6 (.02-1.8)�
0.87�
0.9 (0.3-2.5)�
�
None �
   24 (68.6)�
21 (60)�
21 (65.6)�
21 (63.6)�
�
�
�
�
�
UTI �
0 (0)�
  3 (8.6)�
3 (9.4)�
    6 (18.25)�
�
�
�
�
�
SBP �
  2 (5.7)�
  2 (5.7)�
3 (9.4)�
  3 (9.15)�
�
�
�
�
�
Pneumonia �
    9 (25.7)�
7 (20)�
1 (3.1)�
1 (3.0)�
�
�
�
�
�
EC�
0 (0)�
   1 (2.85)�
3 (9.4)�
1 (3.0)�
�
�
�
�
�
Diarrhea�
0 (0)�
   1 (2.85)�
1 (3.1)�
1 (3.0)�
�
�
�
�
�
1Significant difference (P < 0.05); 2P value comparing the PDN vs the PDN+MTD groups; 3HR and 95%CI comparing the PDN vs the PDN+MTD groups; 4P value comparing the PTX vs the PTX+MTD groups; 5HR and 95%CI comparing the PTX vs the PTX+MTD groups. EC: Esophageal candidiasis; HE: Hepatic encephalopathy; HR: Hazard ratio; HRS: Hepatorenal syndrome; PDN: Prednisone; PDN+MTD: Prednisone + metadoxine; PTX: Pentoxifylline; PTX+MTD: Pentoxifylline + metadoxine; SBP: Spontaneous bacterial peritonitis; UTI: Urinary tract infection; VB: Variceal bleeding.





Table 3  Multivariate analysis: predictors of mortality at 6 mo in patients with severe alcoholic hepatitis


Variable�
HR (95%CI)�
P value�
�
Relapse in alcohol intake1�
  8.9 (3.9-20.2)�
   0.0001�
�
Cirrhosis1�
2.3 (1.1-4.7)�
0.02�
�
Treatment with metadoxine2�
0.3 (0.2-0.7)�
  0.005�
�
Quantity of alcohol intake (> 150 g/d)�
1.8 (0.4-7.7)�
0.45�
�
1Risk factor; 2Protective factor. HR: Hazard ratio; 95%CI: 95% confidence interval.








