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Alcohol use 

In many societies, the consumption of alcohol is part of the culture, and the 

worldwide use of alcohol increases (WHO, 2014). The harmful use of alcohol 

causes disease as well as large social and economic burden (Effertz & Mann; 

2013; Rehm et al., 2009; WHO, 2014). According to the current version of the 

Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5; 

American Psychiatric Association, 2013), alcohol abuse and alcohol dependence 

are now combined into a single diagnosis, alcohol use disorder (AUD), with 

varying levels of severity. AUD is characterized by compulsive and uncontrolled 

alcohol consumption, increased desire to consume alcohol (craving), and the 

inability to reduce drinking in spite of negative consequences. AUDs are among 

the most prevalent mental health disorders worldwide, affecting 3.6% of the 

global population between 15 and 64 years of age. Prevalence rates in this age 

group are the highest in Europe, with 5.5% (Rehm, Shield, Gmel, Rehm, & Frick, 

2013). The effect of alcohol consumption on health is detrimental: 3.3 million 

deaths or 5.9 % of all global deaths were attributed to harmful alcohol use in 

2012 (WHO, 2014), and AUD is the fifth leading risk factor for premature death. 

Furthermore, AUD is associated with more than 200 physical and mental 

disorders, including cancer, cardiovascular diseases, liver cirrhosis, and 

dementia. Beyond consequences for health, harmful alcohol consumption leads 

to high economic costs with high-income countries spending more than 1% of 

their gross domestic product (Rehm et al., 2009) or cost of illness estimates of 

350 billion Euros in Europe (Effertz & Mann, 2013).   

Despite the large impact of harmful alcohol use on a personal and 

societal level, the percentage of people searching for help is small, with only 

15% of all people with AUD receiving treatment (Cohen, Feinn, Arias, & 
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Kranzler, 2007). Furthermore, for people receiving treatment relapse rates are 

extremely high with about 50% of all patients relapsing after one year and 70% 

after three years (Cutler & Fishbain, 2005). These numbers illustrate the 

enduring impact of harmful alcohol use and emphasize the need for effective 

treatment.  

Pharmacological treatment 

According to most guidelines (e.g. National Institute for Health and Care 

Excellence (NICE) clinical guideline), the standard for the treatment of AUD are 

psychosocial interventions. Due to the various treatment methods, it is 

challenging to assess the efficacy of psychosocial therapy. In one of the largest 

studies, Project MATCH, it was found that, regardless of treatment type (12-

step therapy, motivational enhancement therapy, or cognitive behavioural 

therapy (CBT)), 46% of patients who started the aftercare after intensive (in-

patient) treatment compared to 30% in the outpatient group were still 

abstinent after one year (Project Match Research Group, 1998). Besides 

psychosocial interventions, a number of pharmacological agents are used for 

the treatment of AUD. To date disulfiram, acamprosate, and naltrexone have 

been approved for the indication of AUD by the Food and Drug Administration 

(FDA) and the European Medicines Agency (EMA), nalmefene is approved only 

by the EMA. Disulfiram is an ‘aversion drug’ leading to an aversive reaction to 

alcohol by causing unpleasant symptoms after the intake of alcohol. Results 

from a meta-analysis indicate that disulfiram might be effective in the 

treatment of AUD (Skinner, Lahmek, Pham, & Aubin, 2014). However, its 

efficacy was only evident in open label studies (compared to blind designs), and 

it seems to be especially effective in combination with intensive supervision 

and/or psychosocial treatment (Jørgensen, Pedersen, & Tønnesen, 2011). 
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Furthermore, serious side effects were reported (Garbutt, West, Carey, Lohr, & 

Crews, 1999). Acamprosate is an anti-craving medication, which reduces the 

rewarding effect of alcohol. In a meta-analysis by Maisel, Blodgett, Wilbourne, 

Humphreys, and Finney (2013) acamprosate, compared to placebo, was found 

to be effective in maintaining abstinence, especially after detoxification and 

generally mild side effects were reported (Rösner et al., 2010). In the same 

meta-analysis, the efficacy of naltrexone was examined. Naltrexone reduces 

the positive reinforcing effect of alcohol and craving for alcohol. Maisel et al. 

(2013) found naltrexone especially effective in the reduction of heavy drinking. 

The Cochrane review from Rösner et al. (2010) confirmed this finding by 

showing that naltrexone, compared to placebo, was effective in reducing the 

risk to return to heavy drinking, the number of heavy drinking days, and the 

consumed amount of alcohol. However, no effect was found on the 

maintainance of abstinence after the discontinuation of the treatment. Side 

effects were frequent, but generallly mild. Furthermore, a recent review 

suggest that naltrexone is most effective in patients with a familiy history of 

alcohol problems and a specific variation of the μ-opioid receptor (Garbutt et 

al., 2014), however, a large confirmatory trial did not endorse this relationship 

(Oslin et al., 2015). Nalmefene is similar to naltrexone in its working mechanism 

but there is little evidence on the efficacy of nalmefene in the treatment of AUD 

(see Palpacuer et al., 2015 for a review and meta analysis), although a number 

of studies show that nalmefne, when taken ‘as needed’ reduced alcohol 

consumption, especially in patients with high drinking levels (e.g. van den Brink 

& Aubin, 2013; Mann, Bladström, Torup, Gual, & van den Brink, 2013). 

Overall, there are pharmacological agents that have shown to be 

effective in the treatment of AUD, however, risk-ratio effect sizes are small to 
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modest (between 0.20 and 0.40) with relatively large numbers needed to treat 

and it seems that efficacy is limited to a specific group of patients and treatment 

outcomes (van den Brink, 2012). Therefore, finding new effective drugs for the 

treatment of AUD remains a key goal and would represent an important 

progress.   

Gamma-aminobutyric acid (GABA) 

While disulfiram inhibits the enzyme aldehyde dehydrogenase, acamprosate 

affects NMDA glutamate receptors and naltrexone, as well as nalmefene work 

on the mu-opioid receptors. Additionally, GABA receptors seem to play an 

important role in the working mechanism of alcohol since alcohol is an indirect 

agonist of the GABA-A receptor. GABA is the main inhibitory neurotransmitter 

in the brain and the activation of GABA-A receptors decreases neuronal 

excitability (Davies, 2003). These actions explain the effects of alcohol such as 

sedation, amnesia, disinhibition, or the reduction of anxiety. The metabotropic 

class (acting through a second messenger) of GABA (GABA-B) receptors are 

highly expressed in the mesolimbic system and regulate the release of 

neurotransmitters like noradrenaline or dopamine (Bowery et al., 1980). 

Mesolimbic dopaminergic neurons originate in the ventral tegmental area 

(VTA) and are shown to play a crucial part in substance abuse and are involved 

in the mediation of alcohol intake and reinforcement (e.g. Koob & Volkow, 

2010). Therefore, drugs targeting GABA-B receptors seem promising in the 

treatment of AUD (Johnson, Swift, Addolorato, Ciraulo, & Myrick, 2005). 

Currently, the only available selective GABA-B agonist for human use is 

baclofen.  
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Baclofen 

Baclofen was developed in the 1920s as an anti-epileptic drug but seemed 

ineffective. However, its observed anti-spastic effects were used for the 

treatment of spastic movements caused by spinal cord injury, multiple sclerosis, 

spastic diplegia, and amyotrophic lateral sclerosis. Baclofen is mainly prescribed 

for the treatment of spasticity due to the reduction of brain excitation and its 

muscle relaxant effect (Davidoff, 1985). Baclofen is taken orally, has a good 

absorption through the gastrointestinal tract (75%), and peak plasma 

concentrations are highest 2-3 hours after ingestion. It has a half-life of 2-6 

hours and is usually administered three to four times a day. Since baclofen is 

primarily excreted by the kidneys, it has a low liver metabolism and no hepatic 

side effects are reported so far (Addolorato et al., 2007). Furthermore, baclofen 

has a low abuse and dependence potential (Carter, Koek, & France, 2009). Due 

to these characteristics and its proposed mechanism of action, baclofen is a 

potentially attractive drug for the treatment of AUD. 

Indeed, first studies in rodents showed a suppression of alcohol intake 

in alcohol preferring rats and suggested a similar effect in humans (Colombo et 

al., 2000, 2003). A few open label studies in alcohol dependent patients 

confirmed this assumption, finding a reduction of alcohol intake, alcohol 

craving, as well as alcohol withdrawal symptoms (Addolorato et al., 2000; 

Addolorato, Caputo, Capristo, Domenicali, et al., 2002; Flannery et al., 2004). 

Furthermore, the two first randomized placebo-controlled trials (RCTs), 

examining baclofen doses of 30 mg/day in patients with AUD also found 

evidence for its the beneficial effects (Addolorato, Caputo, Capristo, 

Domenicali, et al., 2002; Addolorato et al., 2007). However, two double-blind, 



516955-L-bw-Beraha516955-L-bw-Beraha516955-L-bw-Beraha516955-L-bw-Beraha
Processed on: 8-2-2018Processed on: 8-2-2018Processed on: 8-2-2018Processed on: 8-2-2018 PDF page: 14PDF page: 14PDF page: 14PDF page: 14

CHAPTER 1 
 
 
 

14 

placebo-controlled studies did not replicate these findings (Garbutt, Kampov-

Polevoy, Gallop, Kalka-Juhl, & Flannery, 2010; Hauser et al., 2017).  

Dose-response effect 

Based on a study with rodents, a dose-dependent effect of baclofen was 

suggested, with higher doses resulting in better treatment outcomes (Colombo 

et al., 2003). In a secondary analysis of an RCT with alcohol-dependent patients, 

this dose-effect relationship was confirmed, comparing 30 mg with 60 mg daily 

baclofen (Addolorato et al., 2011), although in two other studies no positive 

effects of baclofen doses of 50 mg/day were found (Krupitsky et al., 2015; 

Ponizovsky, Rosca, Aronovich, Weizman, & Grinshpoon, 2014). Moreover, a few 

case reports with baclofen doses up to 270 mg/day, reported a complete 

suppression of craving (Ameisen, 2005; Bucknam, 2007; Pastor, Jones, & Currie, 

2012). One of these cases is described in the popular book ‘The end of my 

addiction’ from Olivier Ameisen, a physician who himself suffered from AUD 

and successfully stopped drinking with high doses of baclofen (Ameisen, 2008). 

Following this book, several open label studies were conducted, one testing 

even higher doses (up to 300 mg/day), demonstrating a reduction of alcohol 

consumption (de Beaurepaire, 2014; Dore, Lo, Juckes, Bezyan, & Latt, 2011; 

Rigal, Alexandre-Dubroeucq, de Beaurepaire, Le Jeunne, & Jaury, 2012). At the 

time when we started our trial in 2013 no studies testing high doses of baclofen 

had been conducted, however, in the meanwhile new results are available 

which are discussed in Chapter 6.  

Side effects 

Concerning baclofen’s side effects, the majority of the studies report mild and 

transient side effects, both for low doses and for high doses (Addolorato et al., 
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2000,2007; Addolorato, Caputo, Capristo, Domenicali, et al., 2002; de 

Beaurepaire, 2014; Flannery et al., 2004; Hauser et al., 2017; Porizovsky et al., 

2014), which, importantly, have also been reported for patients with liver 

problems, for whom other medications impose too much of risk (Addolorato et 

al., 2007; Hauser et al., 2017). Adverse events usually occur during the titration 

phase and disappear with continued therapy. The most commonly reported 

side effects are fatigue, sleepiness, drowsiness, dizziness, nausea, and pain. No 

serious adverse events have been reported in these studies. However, one 

recent study, concentrating primarily on the tolerability of high-doses of 

baclofen, found frequent and persistent adverse events with 78% of all patients 

experiencing at least one adverse event during one year (Rigal et al., 2015). The 

most frequent side effect was the disruption of the wake-sleep cycle, but also 

alertness disorders, sweating, and depression were reported. Additionally, a 

couple of case series reported instances of acute, deliberate baclofen overdose 

(up to 800 mg) as a suicide attempt in AUD patients with comorbid psychiatric 

disorders (Dore et al., 2011; Franchitto, Pelissier, Lauque, Simon, & Lançon, 

2014; Holla et al., 2015; Pommier et al., 2014). Acute baclofen poisoning was 

related to a suppression of the central nervous system (e.g. coma), cardiac 

conduction abnormalities, and autonomic disturbances. Due to the severity of 

baclofen poisoning, caution should be taken with the administration of 

baclofen in patients at risk of suicide. 

Abuse and dependence potential of baclofen and the combination with 

alcohol  

In all above mentioned studies on the efficacy of baclofen in AUD, a low abuse 

and dependence potential of baclofen was confirmed, with no craving for 

baclofen, no euphoria or ‘drug-liking’ effects, and no withdrawal symptoms 
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after discontinuation of the treatment. To date, there are just a few studies, 

which examined the effect of baclofen when combined with the consumption 

of alcohol. In the study of Evans and Bisaga (2009) it was shown that a single 

dose of 80 mg baclofen, in combination with alcohol did not lead to adverse 

effects or positive ‘drug-liking’ effects, however, sedation and impaired 

cognitive performance was observed. This is in agreement with a cohort study 

with alcohol-dependent patients taking high doses of baclofen (up to 300 

mg/day) in combination with alcohol, reporting increased sedation in a dose-

dependent manner (Rolland et al., 2015). Furthermore, one patient taking 240 

mg baclofen on a daily basis and concurrently consuming alcohol experienced 

two episodes of seizures after a relapse (Rolland, Deheul, Danel, Bordet, & 

Cottencin, 2012). In summary, baclofen seems to be a safe and well-tolerated 

drug, even in combination with small amounts of alcohol, when doses are 

slowly escalated.  

Working mechanisms 

Although the precise working mechanism of baclofen is still under debate, three 

possible mechanisms have been discussed in the literature. First, it has been 

hypothesized that baclofen may exert its positive effect by the partial 

substitution of ethanol (Chick & Nutt, 2012; Rolland, Bordet, Deheul, & 

Cottencin, 2013). It is argued that baclofen is different to other anti-craving 

agents, like naltrexone or acamprosate, due to its benzodiazepine-like effects, 

i.e. sedation and the occurrence of withdrawal symptoms after abrupt 

discontinuation of baclofen treatment. However, in none of the earlier studies, 

alcohol-like effects of baclofen were reported, and no craving or withdrawal 

symptoms after the termination of the study medication were observed 

(Addolorato, Caputo, Capristo, Janiri et al., 2002; Addolorato et al., 2007; 
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Garbutt et al., 2010). A further hypothesis on the working mechanism of 

baclofen assumes a mediating role of anxiety (Ameisen, 2005). This suggestion 

is based on the high expression of GABA-B receptors in the limbic system and 

the finding that the activation of GABA-B receptors plays a role in anxiety (Cryan 

& Kaupmann, 2005; Millan, 2003). For instance, it was found that GABA-B 

receptor deficient mice show higher levels of anxiety than wild-type mice 

(Mombereau et al., 2004). Since anxiety represents an important symptom in 

AUD patients (Allan, 1995; Brady & Lydiard, 1993; Grant et al., 2004; Kushner, 

Abrams, & Borchardt, 2000), it was suggested that baclofen could work through 

a reduction of anxiety. In line with that assumption, a positive effect of baclofen 

in the treatment of patients with anxiety disorders has been shown (Breslow et 

al., 1989; Drake et al., 2003). Accordingly, one early study in patients with AUD 

reported a positive effect of baclofen for the treatment of comorbid affective 

disorders, such as anxiety and depression (Krupitsky et al., 1993). Furthermore, 

several of the above mentioned studies examining the efficacy of baclofen on 

AUD, found indications for a reduction of anxiety levels (Addolorato, Caputo, 

Capristo, Domenicali, et al., 2002; Ameisen, 2008; Flannery et al., 2004; Garbutt 

et al., 2010). A third explanation is that baclofen exerts its positive effect 

through the modulation of dopaminergic neurons in the mesolimbic system. As 

discussed above, it has been suggested that GABA-B agonists, like baclofen, 

activate GABA-B receptors, which are located on the cell body of dopamine 

neurons. This may cause an inhibition of dopamine release of the GABA-B 

receptor surrounding dopaminergic neurons, projecting from the VTA to the 

nucleus accumbens (NAc; part of the ventral striatum) and the prefrontal 

cortex. The mesolimbic dopaminergic pathways are shown to be important in 

mediating and signalling the reinforcing effects of alcohol. In line with this 

assumption, preclinical studies showed that baclofen reduced dopamine 
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release in the mesolimbic system, such as the striatum, the NAc, as well as in 

the frontal cortex in rats (Colombo et al., 2004; Xi & Stein, 1999). Furthermore, 

first functional magnetic resonance imaging (fMRI) studies in humans found 

evidence for this hypothesis, showing that baclofen led to reduced activity in 

the ventral striatum (VS), the medial orbitofrontal cortex (OFC), and the insula, 

all parts of the mesolimbic pathway, in tobacco dependent individuals (Franklin 

et al., 2011; 2012). Furthermore, another fMRI study with cocaine dependent 

patients found diminished activity in the VS, the amygdala, and the OFC in 

response to cocaine cues (Young et al., 2014). However, until now, no fMRI 

studies have examined the effect of baclofen on brain activity in patients with 

AUD, making it difficult to draw final conclusions.  

Importance of the current research project 

Between 2007 and 2010 a rapid increase of the prescription of (high-dose) 

baclofen was observed in France, with 200.000 patients initiating baclofen 

treatment for AUD and 9000 general practitioners who prescribed baclofen for 

the first time (Chaignot, Weill, Ricordeau, & Alla, 2015; Dupouy et al., 2014). In 

2014, even before the first RCT on the efficacy of high-dose baclofen, a 

temporary recommendation of use (RTU) was proclaimed in France, which 

permitted the temporary medical prescription of baclofen for the treatment of 

AUD for the duration of three years. The increasing use of baclofen for the 

treatment of AUD in France, as well as the increasing off-label use in other 

countries, illustrates the societal importance of this topic.  

Aims of the present thesis 

When we started our study in 2013, there was no RCT on the effects of a high 

dose of baclofen in the treatment of AUD. Moreover, studies examining the 
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working mechanism of baclofen in AUD were not available. Therefore, the main 

aims of the present research project were to 1) study the efficacy of high-dose 

baclofen in the treatment of patients with AUD and 2) gain deeper insight in its 

working mechanism. 

Overview of chapters 

After the general introduction in Chapter 1, in the second chapter of this thesis, 

our RCT on the efficacy and safety of high-dose baclofen in the treatment of 

AUD is described. We compared the effect of a 16-week treatment with high 

doses of baclofen (up to 150 mg/day), low doses of baclofen (30 mg/day), or 

placebo in patients with AUD. The first aim of the study was to determine the 

effect of baclofen on time to first relapse. As a second aim a dose-response 

relation of high doses of baclofen on time to first relapse was examined.  

Chapter 3 and 4 concentrate on the working mechanism of baclofen. In 

Chapter 3 the effect of baclofen on automatically activated motivational 

processes and anxiety was examined. Automatic motivational processes are 

well studied in addiction research and are thought to play an important role in 

the persistence of addiction. Through repeated drug use and exposure, the 

motivational system gets hypersensitive towards drugs and drug-associated 

stimuli. As a consequence automatically activated motivational processes gain 

importance and cognitive biases towards drug-associated stimuli emerge 

(Robinson & Berridge, 2008; Wiers & Stacy, 2006). Drug-associated stimuli may 

then automatically capture attention (i.e. attentional bias), trigger approach 

tendencies (i.e. approach bias), or activate implicit, affective drug-related 

memory associations (see for a review Stacy & Wiers, 2010). These cognitive 

biases are related to craving and future drug use (Field & Cox, 2008; Wiers, 

Gladwin, Hofmann, Salemink, & Ridderinkhof, 2013; but see for a critical review 



516955-L-bw-Beraha516955-L-bw-Beraha516955-L-bw-Beraha516955-L-bw-Beraha
Processed on: 8-2-2018Processed on: 8-2-2018Processed on: 8-2-2018Processed on: 8-2-2018 PDF page: 20PDF page: 20PDF page: 20PDF page: 20

CHAPTER 1 
 
 
 

20 

Christiansen, Schoenmakers, & Field, 2015) and training studies show that 

drinking behaviour can be influenced by a change of maladaptive automatic 

cognitive biases (Wiers, Eberl, Rinck, Becker, & Lindenmeyer, 2011). Therefore, 

the question in Chapter 3 was whether a change, more specifically, a weakening 

of cognitive biases could underlie the working mechanism of baclofen. Based 

on the hypothesis that baclofen would exert its positive effect on alcohol use 

through a reduction of anxiety, we additionally examined the moderating role 

of anxiety.  

In order to get a clearer picture of the neurocognitive working 

mechanism, the effect of baclofen on brain activity was further examined in an 

fMRI study, described in Chapter 4. This add-on study was conducted in a small 

subsample of the original sample of the RCT. Neural activity, while watching 

alcohol-related cues (cue-reactivity), was compared between patients taking 

high doses of baclofen and patients taking placebo for the duration of 16 weeks. 

Based on the hypothesis that baclofen would modulate the dopaminergic 

mesolimbic system, activity in these brain regions was examined. 

Chapter 5 is a case report and describes a patient, who participated in 

the original RCT. Besides a reduction of alcohol use through high-doses of 

baclofen, an additional, unexpected cessation of stuttering was observed.  

Finally, in Chapter 6, the general discussion, results of all reported 

studies are summarized, limitations of the studies are addressed, and 

implications of the findings and future directions are discussed. 

 


