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ABSTRACT

Introduction Although alcohol dependence (AD) is highly
prevalent, only few medications are approved for its treatment.
While currently approved medications, such as naltrexone
(NTX), reduce craving and relapse risk to a certain extent, new
approaches are needed to complement these pharmaca. One
potential compound is oxytocin (OXY), which proved beneficial
effects on alcohol craving and stress reactivity in preliminary
clinical studies and synergism with NTX effects.

Methods and analysis This clinical phase Il trial is a
monocentre two-armed, placebo (PLC)-controlled, 1:1
randomised, double-blind, parallel-group study. 62 participants
with AD will be randomised to receive either intranasal

OXY spray (24 IU) or PLC spray plus oral NTX (50 mg) for 2
days, and alcohol craving will be assessed using a validated
combined stress-exposure and cue-exposure experiments
and MRI. The primary outcome will be the intensity of alcohol
craving, assessed using the Alcohol Urge Questionnaire (AUQ),
60 min after OXY/PLC application, directly after the stress and
cue exposures. Secondary outcomes include subjective stress,
negative affect, cortisol and OXY plasma levels, and neural
response to alcohol and emotional cues and natural rewards.
Follow-up drinking data were collected over 90 days. The
primary efficacy analysis will test the difference between the
verum and the PLC group in the distribution of AUQ craving
scores. Appropriate statistical analysis will be used for the
evaluation of the secondary outcomes.

Ethics and dissemination This trial has been approved by
the ethics committee of Heidelberg University and competent
authority. All participants in the trial will provide written
informed consent. The study will be conducted according to
the principles of the Declaration of Helsinki and in accordance
to the German Medicinal Products act. Results of this study
will be disseminated in peer-reviewed scientific journals and
deidentified data, and the statistical analysis plan will be made
available via open-access online repositories.

Strengths and limitations of this study

» This is the first randomised controlled trial to exam-
ine the efficacy and safety of a novel combination of
oxytocin (0XY) and naltrexone (NTX) in participants
with alcohol dependence (AD).

» The inclusion of an active comparator treatment
with NTX, which is approved for the treatment of an
AD, will allow the assessment of the added value of
OXY in treating alcohol craving.

» This study will include established experimental pro-
cedures, which have been validated for the assess-
ment of pharmacological effects on alcohol craving.

» To optimise the generalisability of the findings, el-
igibility criteria were defined to reflect the group
of patients undergoing pharmacological relapse
prevention.

» The sample size calculation is based on the as-
sumption that only medium to large effects of OXY
on alcohol craving will be of clinical relevance and
warrant further confirmatory trials; thus, smaller ef-
fects may not be detected.

Trial registration numbers EudraCT 2021-003610-40
and NCT05093296.

INTRODUCTION

Although  alcohol  dependence  (AD,
according to the International Classification
of Diseases, 10th Revision) or alcohol use
disorder (according to Diagnostic and Statis-
tical Manual of Mental Disorders, Fifth Edition)
is highly prevalent, only a few medications are
approved for its treatment, and randomised
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controlled trials point towards a limited mean effect size
and high relapse rates." Relapse to alcohol consump-
tion results in negative impacts on patient’s health and
quality of life.> While currently available medications,
such as naltrexone (NTX), reduce craving and relapse
risk to a certain extent,’ new approaches are needed
to complement these pharmaca. One potential new
compound for the treatment of AD is oxytocin (OXY),
which has shown beneficial effects on alcohol craving,’
stress-reactivity* and neural response to alcohol cues’ in
preliminary clinical studies. These processes are relevant
to patient outcome, because all three show strong associ-
ations to relapse risk.®” OXY also seems to be a particu-
larly promising candidate for the enhancement of NTX’s
effects because of the synergistic interactions between
opioid antagonists and OXY. Specifically, opioid antago-
nists enhance OXY release in the central nervous system.”
OXY release, in turn, blocks dopamine release within the
brain reward system, which has been shown to be a neuro-
biological correlate of reduced alcohol consumption and
preference in animal models.” Synergistic effects of NTX
and OXY are also supported by recent studies demon-
strating supralinear effects of both compounds on social
behaviour in macaque monkeys."” OXY administration
in animal models of binge drinking dose-dependently
reduced ethanol consumption in mice'' and prairie
voles." In line with this preclinical data, preliminary
clinical studies have shown the beneficial effects of intra-
nasal OXY administration on alcohol craving. Specifi-
cally, a randomised parallel-group study comparing the
effects of repeated intranasal administrations of OXY
(24 IU two times per day over 3 days) against placebo
(PLC) in a group of n=11 alcohol-dependent patients has
shown that OXY reduced alcohol craving and withdrawal
symptom severity.” Another randomised double-blind,
crossover study in n=32 patients with alcohol use disorder
compares the effects of a single intranasal administration
of OXY (40 IU) against a single PLC administration (1
week apart). Results show a significant effect of OXY on
craving in patients with anxious attachment style."> A
randomised PLC-controlled parallel-group trial in n=16
patients with cannabis use disorder investigated the
effects of a single intranasal administration of OXY (40
IU) against a single PLC administration on experimental
stress, cortisol levels and craving. Results demonstrate
that OXY reduces cortisol levels and craving in cannabis
users after stress exposure.® Our own group investigated
the effects of a single intranasal administration of 24 IU
OXY against a single PLC administration in n=15 heavy
social drinkers using a randomised PLC-controlled cross-
over design. Results demonstrate that intranasal adminis-
tration of 24 IU. OXY reduces alcohol cue-induced brain
response in the brain reward system, which is associated
with a reduction in alcohol craving.” The aforementioned
clinical studies have also established the safety of intra-
nasal administration of OXY in doses of 24-40 IU in indi-
viduals using alcohol and patients with AD. In addition,
previous work demonstrated central nervous penetrance

after intranasal application'*'” and a maximal effect on

brain response and behaviour between 40 and 78 min
after application with a maximal effect of a dose of 24
1U.M % A recent study showed a maximal stress-reducing
and craving-reducing effect at 60 min after OXY appli-
cation, directly after the 15 min Trier Social Stress Test
(TSST).* Taken together, existing lines of evidence
support the safety of intranasal OXY administration in
humans and the potential of OXY to reduce alcohol
craving and yield additional effects in combination with
opioid antagonists.®

This paper describes the protocol and presents the ratio-
nale for an adequately powered, stratified, randomised,
double-blind, parallel-arm, PLC-controlled, phase II clin-
ical trial investigating the added value of OXY in combi-
nation with NTX in reducing alcohol craving. This phase
II study aimed to improve the evidence base for the phar-
macological treatment of alcohol craving in patients with
AD. This paper complies with the SPIRIT recommenda-
tions (Standard Protocol Items: Recommendations for
Interventional Trials) for protocol 1rep01rting.]7 "% The
study will report considering the CONSORT guidelines. '

METHODS

Clinical trial design

This clinical phase II trial will be conducted as a mono-
centre, two-armed, PLC-controlled, 1:1 randomised,
double-blind, parallel-group study with two treatment
arms (OXY plus NTX vs PLC plus NTX). A PLC-controlled
study implementing an active comparator background
treatment with NTX in the dose recommended for AD
treatment was chosen because any new medication
should provide additional effects on craving that are not
achieved by the current recommended standard treat-
ment with NTX, whose safety and efficacy in reducing
craving were established in previous clinical trials (see'
for review).

Following assessment of eligibility and informed
consent, a total of 62 participants with AD will receive
NTX and will be randomised to receive either a single
dose of 24 IU OXY 40 min prior to a combined stress-
exposure and alcohol cue-exposure experiments® during
study visits 3 and 40 min prior to a functional MRI (fMRI)
measurement during study visit 4 or a PLC nasal spray
instead of OXY at the same time points during study visit
3 (day 0, ie, relative time point to visit 3) and study visit
4 (days 1-3). Participants can continue treatment with
NTX during and after study participation, without limita-
tions, in the framework of standard treatment. For each
patient, the trial consists of a screening visit (day =7 to 0),
a baseline visit (day 0), two treatment visits (visit 3 at day
0 and visit 4 at day 1 to 3) with OXY or PLC administra-
tion and two follow-up visits (visit 5 at day 30+7 and visit
6 at day 90+7 after study visit 3; see figure 1), in order to
assess follow-up drinking data and participant safety and
adverse effects.
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Figure 1 Clinical trial design.
Study objectives Study population

The main purpose of the clinical trial was to assess the

effect of an intranasal administration of 24 IU. OXY spray,

in addition to standard treatment with 50 mg oral NTX

on the reduction of alcohol craving (primary endpoint,

assessed by using the Alcohol Urge Questionnaire

(AUQ)) compared with the effects of a PLC plus NTX.
Secondary objectives are depicted in box 1.

Box1 Secondary objectives

Comparison of the effects of OXY versus placebo administration on

» Alcohol craving, subjective stress, positive and negative affects
during repeated assessments at visits 3 and 4.

» Cortisol plasma levels at visit 3.

» Neural brain activation (blood oxygenated level-dependent re-
sponse, during presentation of alcohol cues, natural reward cues,
emotional faces and shapes and during inhibition of motor respons-
es) at visit 4.

» Alcohol craving, response times, rates of errors, rates of correct re-
sponses and omission rates during the four paradigms of the func-
tional MRI session at visit 4.

» Cumulative alcohol consumption and % heavy drinking days during
the follow-up period of 90 days (7 days) and time from randomis-
ation to first relapse to alcohol drinking during follow-up of 90 days
(=7 days).

» (Quality of life indices (WHO Quality of Life Questionnaire scores) at
days 30 (+7 days) and 90 (=7 days).

Assessment of the safety of combined OXY and naltrexone administra-

tion in patients with alcohol dependence.

0XY, oxytocin.

The trial will enrol patients of both sexes with AD
currently undergoing standard inpatient treatment at the
study centre (Central Institute of Mental Health (CIMH),
Mannheim), since that is the target group for pharma-
cologically assisted relapse prevention and craving reduc-
tion according to current German treatment guidelines.
The inclusion and exclusion criteria (see table 1) were
chosen in accordance to previous trials® ™ and define
a group of patients with AD which is representative for
those patients receiving pharmacological treatment,
hence allowing generalisation to this group.

Recruitment and consent

Potentially eligible participants will be informed about
the study by their treating clinicians at the Central Insti-
tute of Mental Health in Mannheim, Germany. Before
being admitted to the clinical trial, the subject must
consent to participate after being fully informed by the
investigator or a designated member of the investigating
team about the nature, importance, risks and individual
consequences of the clinical trial and their right to
terminate the participation at any time. After reading
the informed consent document, the subject must give
consent in writing. The informed consent to participate
in the clinical trial may be withdrawn by the subject
verbally in the presence of, or in written form directed
to, the investigator or a physician member of the investi-
gating team at any time during the clinical trial without
any disadvantage for the participant.
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Table 1 Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

» Age between 18 and 70years.

» Current psychotic or bipolar disorder or current severe depressive episode

with suicidal ideations.

» Diagnosis of an alcohol dependence (International » Positive drug screening (amphetamines/ecstasy, opiates, cocaine and
Classification of Diseases, 10th Revision). barbiturates).
» Ability to understand character and individual » Current treatment with any investigational medicinal product, opioid-

consequences of the clinical trial.

containing analgesics, anorexics, anticonvulsants, opioid-containing

» Written informed consent. antidiarrhoeal agents, antineoplastics, antipsychotics (exception:

» At least moderate craving (ie, >15 points on the AUQ episodic use of melperone, pipamperone and quetiapine are allowed),
(range 8-56 points) craving scale) or increase in AUQ antidepressants (exception: allowed, when being taken in stable dose for
scores by >50% after exposure to visual alcohol cues (ie, a minimum of 14 days prior to enrolment and/or doxepine in low doses
minimum increase of >4 points). (maximum of 75 mg/day), opioid-containing cough/cold agents, systemic

steroids (see also table 3).
» Consent to random assignment. » Pregnancy, lactation or breast feeding.

» Women with childbearing potential: highly effective birth B Current severe somatic comorbidities: liver cirrhosis or impaired renal

control method until 24 hours after visit 4 and negative
pregnancy test.

function, severe heart insufficiency, pre-existing epilepsy, long-QT syndrome
or cardial arrhythmia.

» History of hypersensitivity to the investigational medicinal product OXY and/
or NTX or to any drug with similar chemical structure or to any excipient
present in the pharmaceutical form of the investigational medicinal product
OXY and/or NTX.

» Participation in other clinical trials or observation period of competing
clinical trials, respectively.

» Acute suicidal tendency or acute endangerment of self and others.

AUQ, Alcohol Urge Questionnaire; NTX, naltrexone; OXY, oxytocin.

Randomisation

Participants will be sequentially allocated a unique
identifying number to be used for all subsequent study
documentation. This will ensure confidentiality is main-
tained. The randomisation request will be generated after
consent and completion of the baseline visit. Eligible
patients are randomised in a concealed fashion to one
of the two treatment arms in a 1:1 ratio. Block randomi-
sation stratified for sex (male/female) will be applied.
Randomisation is done using a centralised web-based tool
(www.randomizer.at) by which randomisation for double-
blind clinical trials can easily be handled. Study medica-
tion containers (Syntocinon/PLC) are blinded to patients
and investigators. For all trial personnel, including the
biometricians, patient treatment remains blinded from
the time of randomisation until final database lock. At the
end of the study and after data verification and database
lock, the assigned blinded codes are broken for the final
analysis of study data.

Intervention

A single dose of 24 IU OXY (Syntocinon, Oxytocin,
ATC code: HO1BB02, contents: 40 IU of OXY/ 1.0 mL)
nasal spray will be administered two times (ie, maximum
treatment duration: two times on two separate days 1-3
days apart; maximum dose allowed: 24 IU/dose and 48
IU. in total), in addition to background treatment with
NTX (50 mg oral tablet per days) 40 min prior to (i) a
combined stress-exposure and alcohol cue-exposure
experiment® during study visit 3 and 40 min prior to
(2) the fMRI-based assessment of alcohol cue reactivity,

reward processing, emotion processing and assessment of
inhibitory performance during study visit 4.** This route
and timing are chosen because previous work demon-
strated central nervous penetrance after intranasal OXY
application'* ' and a maximal effect on brain response
and behaviour between 40 and 78 min after application
with a maximal effect of a dose of 24 TU."* ' Preliminary
studies supported the safety of OXY (Syntocinon) admin-
istration in patients with AD.> ¥ A recent study showed
a maximal stress-reducing and craving-reducing effect at
60 min after OXY application, directly after the 15 min
TSST.* Hence, this schedule was adapted. A second assess-
ment day (ie, study visit four with fMRI-based assessment
of alcohol cue reactivity) and OXY (Syntocinon) admin-
istration are necessary due to the short halflife time of
OXY (about 2 hours) and findings that repeated admin-
istration on a single day might result in carryover effects.

A PLC spray containing the same ingredients as the
OXY (Syntocinon) nasal spray, except for the active
ingredient OXY, will be administered in addition to back-
ground treatment with NTX. NTX is approved for AD
treatment, and clinical trials established its safety and effi-
cacy in reducing craving (see Rosner et al' for review).
All patients receive 50 mg NTX daily, irrespective of
participation in the trial, as part of standard treatment.
Patients who have already received NTX before inpatient
treatment and patients with newly started NTX treat-
ment are included in this trial. NTX is administered to
each of the clinical trial participants, either before or on
the day of visit 3 (ie, first treatment visit with OXY/PLC
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administration) and will be continued for up to 90 days
(£7 days) after visit 3, regardless of randomisation group,
to treat the indication which is the object of the study.
NTX is considered standard care for treating AD. In the
trial, OXY or PLC is given in addition to the background
treatment and safety is assessed.

In accordance to previous trials, all patients will
receive state-of-the-art treatment according to current
German guidelines that consist of medically supervised
treatment of any withdrawal symptoms (not overlapping
with trial procedures). Patients will remain in inpatient
treatment for at least 24 hours after the fourth study visit,
which leaves a large safety corridor for occurrence of any
acute side effects, due to the short half-life time of OXY.

21-23

Combined stress-exposure and alcohol cue-exposure
experiment

The combined stress-exposure and alcohol cue-exposure
experiment is a combination of the TSST* and an alcohol
cue-exposure, which has been established and validated
in previous studies.”” This procedure is necessary, in order
to assess cue-induced and stress-induced alcohol craving.

Data collection and outcome measures
The AUQ will be used to assess alcohol craving, which
serves as primary outcome measure. The AUQ score is
determined by calculating the sum over all AUQ items.
The AUQ is a suitable tool for measuring craving. It shows
high internal consistency and test-retest reliability,*® was
used and validated by multiple pharmacological trials in
patients with AD, and additionally showed strong associ-
ations with relapse susceptibility.”’ 7 In case that items
of the primary endpoint (AUQ score) are missing, they
will be imputed using a predefined multiple imputation
strategy. The AUQ will also be used to assess alcohol
craving longitudinally at different time points relative to
administration of the study medication.

Secondary outcomes will be assessed by completion of
a number of validated measures at various time points
throughout the study period. Box 2 gives an overview
of the questionnaires and scales used in this study, and
table 2 provides an overview of the study timeline and the
outcome measures recorded at each visit. The range of
assessment tools will ensure quantitative and qualitative
assessment of participants’ symptom severity and ensure
measurement of quality of life.

Plasma samples for determination of oxytocin and
cortisol levels are collected at three and two time points,

Box 2 Questionnaires and psychometric scales that are

incorporated in the study

» Beck Depression Inventory.®

» Positive and Negative Affect Schedule.*®

» State—Trait Anxiety Inventory.?®

» Primary Appraisal and Secondary Appraisal Questionnaire.*”
» WHO Quality of Life Questionnaire.®

respectively, before and after OXY/PLC administration
and are determined using enzyme-linked immune assays.
The neural response to alcohol cues is measured using a vali-
dated paradigm® and by recording the blood oxygen-
ated level-dependent response (BOLD) using fMRI using
a Siemens MAGNETOM Prisma 3 Tesla MRI scanner
(Siemens, Erlangen, Germany) and contrasting alcohol
against neutral conditions using a general linear model
(GLM). In addition, neural responses during a vali-
dated face-matching task,” stop signal task* and natural
rewards task will be recorded in order to determine the
neurobiological effects of OXY. Alcohol use during the
90 days prior to baseline visit and between successive
follow-up visits will be assessed using the Form-90 semi-
structured interview.”’ Demographics including age,
gender, ethnicity, ability to read and speak German will be
recorded. In addition, medical history, current diagnoses,
as well as concomitant medication and use of addiction-
specific treatment and aftercare will be recorded.
Further, a physical examination, drug urine screening
and blood sampling are performed at predefined time
points (see table 2) to determine standard parameters
of clinical chemistry, haematology and clotting and to
perform a pregnancy test in order to validate inclusion
and exclusion criteria, respectively. In addition, 12-lead
ECG is performed to rule out clinically relevant cardiac
pathologies.

Adverse events will be interrogated for at each contact
between the responsible investigator and the clinical trial
participant. Furthermore, occurrence of new patholog-
ical and clinically relevant findings or aggravation of pre-
existing symptoms will be documented as adverse events/
serious adverse events.

Sample size calculation

To date, no study investigated the combined effects of
OXY+NTX on craving in AD. Therefore, no firm predic-
tion of the expected effect size can be made. However,
according to previous work investigating new compounds
in AD, we assume that only large effects on craving will
be of clinical relevance and warrant further confirma-
tory trials. Hence, the current trial is designed to detect
such effects using the AUQ at 60 min after OXY/PLC
application (AUQ,, ). The AUQ has a range between
8 and 56 and has a considerably skewed distribution;
thus, methods assuming a normally distributed outcome
are not applicable. Instead, non-parametric methods
will be used. We assume a distribution shift of 8=4 (ie,
4 points on the AUQ craving scale) in the experimental
group, corresponding to an effect that would reflect clin-
ical significance for patients with high craving values.
Under these assumptions, a sample size of n=29 patients
per group yields a power of 1-f=0.90 when using Mann-
Whitney U test at a two-sided significance level of 0=5%
(according to the sample size formula proposed by Zhao
et al” The exact values for the cumulative distribution
functions assumed under H,, which we used for calcu-
lating the sample size, are shown in online supplemental
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Screening Baseline Treatment Follow-up
Visit 5
Measurement (relative time point in days) Visit 1 (-7 to -1) Visit 2 (0) Visit 3 (0) Visit4(1to3) (30+7) Visit 6 (90+7)

AD symptoms and drinking habits X

Concomitant medication X

x
x
x
x

Vital signs X X X

Breath alcohol concentration

x
x
x
x

Ethylglucuronide in urine samples X X

Pregnancy test X

Alcohol Urge Questionnaire X

X
X
x
x

Assessment of alcohol use during the past 90 X X X
days or since last visit (Form-90)

Beck Depression Inventory X

x
x

Positive and Negative Affect Schedule

Alcohol Dependence Severity X

x
X
X

Naltrexone compliance X

Trier Social Stress Test and alcohol cue X
exposure

Structural and functional MRI assessment X

Assessment of the use of addiction-specific X X
treatment and use of aftercare

AE, adverse event; SAE, severe adverse event; SCID, Structured Clinical Interview for DSM-5; WHO-QOL-BREF, WHO Quality of Life Questionnaire.

table S1. In order to validate this analytically computed
sample size, we conducted a power analysis using PASS
V.16 with 1 000 000 simulation runs. These simulations
confirmed the result of the analytical sample size calcula-
tion, yielding a simulated power of 0.92 for a sample size
of 29 patients per group. Based on previous trials at our
clinic,”' * we assume a dropout rate of 5% for the primary
endpoint. Hence, n=62 patients (n=31 per group) have to
be enrolled and randomised. Using the non-parametric
sex-adjusted van Elteren test and the implementation of
a predefined imputation strategy, we expected to yield an
additional increase in power.

Statistical analysis

The full-analysis population includes all randomised
patients with treatment groups assigned in accordance
with the randomisation, regardless of the treatment actu-
ally received. The analysis of data using the full-analysis
population therefore follows the principles of intention
to treat. This will be the primary analysis population for
the primary and secondary efficacy endpoints.

Analysis of the primary endpoint
Primary outcome is the AUQ score 60 min after OXY or
PLC administration at visit 3 (right after the combined

(=]
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Table 3 List of non-permitted concomitant medication

Disallowed prior to the

Disallowed during the trial from screening visit until after visit 4 for

Drug class screening visit Chronic use Episodic use Comments or exceptions

Any investigational Within 30 days or five half-lives X X

medicinal product (whichever is longer)

Opioid-containing Within 1 week for opioid agonists X X Non-opioid analgesics are allowed.

Analgesics and partial agonists

Anorexics X X

Anticonvulsants Within 30 days or five half-lives X X

(whichever is longer)

Opioid-containing X X

antidiarrhoeal agents

Antineoplastics Within 30 days or five half-lives X X

(whichever is longer)

Antipsychotics Within 8 weeks X X Use of melperone (maxmum of 75mg/
day), pipamperone (maximum of
80mg/day) and quetiapine (maximum
of 50 mg/day) is allowed.

Antidepressants X X Antidepressants are allowed, when
being taken in stable dose for a
minimum of 14 days prior to enrolment
and episodic use of doxepine in low
doses (maximum of 75mg/day) is
permitted.

Opioid-containing cough/ X X

cold agents

Steroids-systemic— X X Systemic corticosteroids are not

topical-inhalant allowed. Topical and inhalant use is
allowed.

challenge task), which will be analysed using the non-
parametric van Elteren test stratified for sex at a two-sided
significance level of 0=5% to assess the null hypothesis
that AUQ, . distributions are equal in both groups
against the alternative that AUQ - distributions are
different. The summary measure within the sex strata is
the relative treatment effect according to Brunner and
Munzel.” The global summary measure is the weighted
mean of the stratum-specific relative treatment effect
sizes. The weights are proportional to the size of the
strata. A 95% CI will be given for the treatment effect
using a t-distribution approximation.” Missing data
for the primary outcome are assumed to be ‘missing at
random’ and will be replaced on the item level using
multiple imputation using the fully conditional specifi-
cation (FCS) method® and predictive mean matching
(PMM), taking the variables treatment group, sex and all
previously measured AUQ values into account. FCS was
chosen as multiple imputation method since no multivar-
iate distribution needs to be assumed for the imputation
variables, while PMM was chosen as suitable due to the
fact that the primary outcome is highly skewed and no
parametric distribution can reasonably be assumed. The
SAS (V.9.4 or higher) procedure PROC MI will be used
to generate multiply imputed datasets, which relies on
multiple imputation chained equations; the number of
burn-in iterations for the algorithm is set to n=20.

Analysis of the secondary endpoints

Secondary outcomes are evaluated with adequate
summary measures of the empirical distribution. P values
of appropriate statistical tests and 95% CIs will be reported
for all secondary outcomes; p values will solely be inter-
preted in a descriptive manner and thus, no adjustment
for multiple testing will be done.

Differences between treatment arms in AUQ, positive
and negative affect schedule and primary appraisal and
secondary appraisal stress scores at specified time points,
as well as also oxytocin plasma levels are analysed using
non-parametric F2-LD-F1 models, taking treatment group
and sex as fixed factors and time as repeated factor into
account.®* Alcohol use (eg, cumulative alcohol consump-
tion) and response times during the four paradigms of
the fMRI session will all be analysed using (descriptive)
van Elteren tests stratified for sex. fMRI data will be anal-
ysed by modelling the separate task conditions within the
framework of a GLM using the statistical non-parametric
mapping software (SnPM13) toolbox for MATLAB.
Within the framework of the software package, a GLM
will be used to construct pseudo tstatistic images from
individual BOLD contrast images, which are then assessed
using a non-parametric multiple comparison procedures
based on permutation testing to assess the difference in
the magnitude of the BOLD responses between treat-
ment groups, stratified by sex. The assessment of safety
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is based mainly on the frequency of adverse and serious
adverse events. Statistical analysis is performed using SAS
V.9.4 or higher.

Patient and public involvement

A trial advisory board (TAB) has been established,
composed of one representative of the CIMH advisory
board of affected, one representative of self-help groups,
one expert in the field of addiction research and one
expert in psychopharmacology to balance and diversify
perspectives. The tasks of the TAB are to consult with
the clinical trial team and solicit input into continuous
improvement opportunities with areas of focus, such as
design of patientfacing materials, communication (eg,
potential alternative treatment, risks and results) with
patients and the scientific field, clinical trial procedures,
patient recruitment procedures, trial execution simu-
lations and recommendations on reducing strain on
participants.

ETHICS AND DISSEMINATION

Ethical considerations

The clinical trial is conducted in accordance with local
legal and regulatory requirements and in compliance with
the ICH Good Clinical Practice Guidelines, the Declara-
tion of Helsinki and the German Medicinal Product Act.
All study documents were submitted to the local Ethics
Committee (Ethics Committee II of the Medical Faculty
Mannheim, Heidelberg University, ID 2021-6-AMG ff)
and the competent authority, which approved to conduct
of the trial. Before trial admission, each participant
provides written informed consent to participate in the
study, after the risks and alternative therapies have been
explained in detail. Subjects will be insured and an inde-
pendent Data and Safety Monitoring Board. Monitoring
and Pharmacovigilance will be provided by an indepen-
dent specialised institution. We previously investigated
both study drugs (NTX,” OXY’ in separate trials with
minimal rates of adverse events and no severe adverse
events. Hence, risk of any physical impairment or severe
adverse events is reduced to a minimum and the poten-
tial patient benefit outweighs the risks. All patients addi-
tionally receive state-of-the-art care according to current
German guidelines and receive NTX, such that no effec-
tive treatment is withheld.

Confidentiality

Data will be retained in accordance with the principles
of Good Clinical Practice. Participants will be allocated a
unique identification (ID) number at entry. The master
list linking participant personal information and ID
number will be maintained in a separate locked cabinet
and password-protected hard drive. Data will be analysed
by ID number only. Records will be retained for 15 years
after study completion.

Dissemination
Individual de-identified data will be shared, specifically
individual participant data that underlie the results of

the trial (ie, primary outcome data (AUQ scores)) will
be made available with a respective data dictionary.
Secondary Outcome data (eg, fMRI data) will be made
available on aggregated group level (eg, for the purpose
of meta-analyses). Related documents, specifically the
study protocol, statistical analysis plan and analytic code
will be shared in open-access online repositories. Data
will be available on publication of the results until 3 years
after that. Individual data will be shared with researchers
who provide a methodologically sound proposal (sent to
the Principal Investigator of the Trial). Aggregated data
will be made available to publicly accessible online reposi-
tories, for example, for the purpose of meta-analyses.

Author affiliations

Medical Faculty Mannheim, Heidelberg University, Heidelberg, Germany
%Department of Addictive Behavior and Addiction Medicine, Central Institute of
Mental Health, Mannheim, Germany

%Coordination Centre for Clinical Trials (KKS), Medical Faculty, University Hospital
Heidelberg, Heidelberg, Germany

“Institute of Medical Biometry (IMBI), University of Heidelberg, Heidelberg, Germany

Contributors PB, SZ, FK, AK and SV-K updated the literature review and wrote the
first draft of the manuscript. PB, Sz, BCT, FK, AK, SV-K, MS, MP and MR contributed
to the development of the original study protocol and to the writing and critical
revision of manuscript. JK, RL and CK reviewed, commented and informed the
methodology and statistical analytical approach of the protocol and the manuscript.
All authors reviewed, commented and informed methodology, development and
writing of the manuscript. PB is the lead study investigator and, together with Sz, is
the lead author of original study protocol.

Funding This work was supported by the Federal Ministry of Education and
Research grant number 01KG2025. For the publication fee we acknowledge
financial support by Deutsche Forschungsgemeinschaft within the funding
programme ,,0pen Access Publikationskosten“ as well as by Heidelberg University.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the
design, conduct, reporting or dissemination plans of this research. Refer to the
Methods section for further details.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Sina Zimmermann http://orcid.org/0000-0002-9122-5197

REFERENCES
1 Rosner S, Hackl-Herrwerth A, Leucht S, et al. Opioid antagonists for
alcohol dependence. Cochrane Database Syst Rev 2010;5.
2 Brownell KD, Marlatt GA, Lichtenstein E, et al. Understanding and
preventing relapse. Am Psychol 1986;41:765-82.

8

Zimmermann S, et al. BMJ Open 2022;12:€059672. doi:10.1136/bmjopen-2021-059672


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9122-5197
http://dx.doi.org/10.1002/14651858.CD001867.pub3
http://dx.doi.org/10.1037/0003-066X.41.7.765

3

20

Pedersen CA, Smedley KL, Leserman J, et al. Intranasal oxytocin
blocks alcohol withdrawal in human subjects. Alcohol Clin Exp Res
2013;37:484-9.

McRae-Clark AL, Baker NL, Maria MM-S, et al. Effect of oxytocin on
craving and stress response in marijuana-dependent individuals: a
pilot study. Psychopharmacology 2013;228:623-31.

Hansson AC, Koopmann A, Uhrig S, et al. Oxytocin reduces
alcohol Cue-Reactivity in alcohol-dependent rats and humans.
Neuropsychopharmacology 2018;43:1235-46.

Bach P, Vollstadt-Klein S, Kirsch M, et al. Increased mesolimbic cue-
reactivity in carriers of the mu-opioid-receptor gene OPRM1 A118G
polymorphism predicts drinking outcome: a functional imaging
study in alcohol dependent subjects. Eur Neuropsychopharmacol
2015;25:1128-35.

Sinha R, Fox HC, Hong K-IA, et al. Effects of adrenal sensitivity,
stress- and cue-induced craving, and anxiety on subsequent
alcohol relapse and treatment outcomes. Arch Gen Psychiatry
2011;68:942-52.

Bicknell RJ, Leng G. Endogenous opiates regulate oxytocin but

not vasopressin secretion from the neurohypophysis. Nature
1982;298:161-2.

Peters ST, Bowen MT, Bohrer K, et al. Oxytocin inhibits ethanol
consumption and ethanol-induced dopamine release in the nucleus
accumbens. Addict Biol 2017;22:702-11.

Dal Monte O, Piva M, Anderson KM, et al. Oxytocin under opioid
antagonism leads to supralinear enhancement of social attention.
Proc Natl Acad Sci U S A 2017;114:5247-52.

King CE, Griffin WC, Luderman LN, et al. Oxytocin reduces ethanol
self-administration in mice. Alcohol Clin Exp Res 2017;41:955-64.
Stevenson JR, Wenner SM, Freestone DM, et al. Oxytocin

reduces alcohol consumption in prairie voles. Physiol Behav
2017;179:411-21.

Mitchell JM, Arcuni PA, Weinstein D, et al. Intranasal oxytocin
selectively modulates social perception, craving, and approach
behavior in subjects with alcohol use disorder. J Addict Med
2016;10:182-9.

Spengler FB, Schultz J, Scheele D, et al. Kinetics and dose
dependency of intranasal oxytocin effects on amygdala reactivity.
Biol Psychiatry 2017;82:885-94.

Striepens N, Kendrick KM, Hanking V, et al. Elevated cerebrospinal
fluid and blood concentrations of oxytocin following its intranasal
administration in humans. Sci Rep 2013;3:3440.

Grace SA, Rossell SL, Heinrichs M, et al. Oxytocin and brain activity
in humans: a systematic review and coordinate-based meta-analysis
of functional MRI studies. Psychoneuroendocrinology 2018;96:6-24.
Chan A-W, Tetzlaff JM, Altman DG, et al. Spirit 2013 statement:
defining standard protocol items for clinical trials. Ann Intern Med
2013;158:200-7.

Chan A-W, Tetzlaff JM, Getzsche PC, et al. Spirit 2013 explanation
and elaboration: guidance for protocols of clinical trials. BMJ
2013;346:e7586.

Moher D, Hopewell S, Schulz KF, et al. Consort 2010 explanation
and elaboration: updated guidelines for reporting parallel group
randomised trials. J Clin Epidemiol 2010;63:e1-37.

Kwako LE, Schwandt ML, Sells JR, et al. Methods for inducing
alcohol craving in individuals with co-morbid alcohol dependence

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

and posttraumatic stress disorder: behavioral and physiological
outcomes. Addict Biol 2015;20:733-46.

Bach P, Weil G, Pompili E, et al. Incubation of neural alcohol cue
reactivity after withdrawal and its blockade by naltrexone. Addict Biol
2020;25:e12717.

Kiefer F, Jahn H, Tarnaske T, et al. Comparing and combining
naltrexone and acamprosate in relapse prevention of alcoholism:

a double-blind, placebo-controlled study. Arch Gen Psychiatry
2003;60:92-9.

Kiefer F, Kirsch M, Bach P, et al. Effects of D-cycloserine on
extinction of mesolimbic cue reactivity in alcoholism: a randomized
placebo-controlled trial. Psychopharmacology 2015;232:2353-62.
Vollstadt-Klein S, Loeber S, Richter A, et al. Validating incentive
salience with functional magnetic resonance imaging: association
between mesolimbic cue reactivity and attentional bias in alcohol-
dependent patients. Addict Biol 2012;17:807-16.

Kirschbaum C, Pirke KM, Hellhammer DH. The 'Trier Social Stress
Test'--a tool for investigating psychobiological stress responses in a
laboratory setting. Neuropsychobiology 1993;28:76-81.

Bohn MJ, Krahn DD, Staehler BA. Development and initial validation
of a measure of drinking urges in abstinent alcoholics. Alcohol Clin
Exp Res 1995;19:600-6.

Sinha R. Modeling relapse situations in the human laboratory.
Behavioral neurobiology of alcohol addiction: Springer,

2011: 379-402.

Hariri AR, Tessitore A, Mattay VS, et al. The amygdala response to
emotional stimuli: a comparison of faces and scenes. Neuroimage
2002;17:317-23.

Gan G, Guevara A, Marxen M, et al. Alcohol-Induced impairment
of inhibitory control is linked to attenuated brain responses in right
fronto-temporal cortex. Biol Psychiatry 2014;76:698-707.

Miller WR. Form 90: a structured assessment interview for drinking
and related behaviors: test manual 1996.

Zhao YD, Rahardja D, Qu Y. Sample size calculation for the
Wilcoxon-Mann-Whitney test adjusting for ties. Stat Med
2008;27:462-8.

Brunner E, Munzel U. The nonparametric Behrens-Fisher problem:
asymptotic theory and a Small-Sample approximation. Biometrical
Journal 2000;42:17-25.

van Buuren S. Multiple imputation of discrete and continuous

data by fully conditional specification. Stat Methods Med Res
2007;16:219-42.

Brunner E, Domhof S, Langer F. Nonparametric analysis of
longitudinal data in factorial experiments: J. New York: Wiley, 2002.
Hautzinger MK, Kihner F, Beck AT. Beck Depressions-Inventar :
BDI II. Frankfurt am Main: Frankfurt am Main: Pearson Assessment,
2009.

Watson D, Clark LA, Tellegen A. Development and validation of brief
measures of positive and negative affect: the PANAS scales. J Pers
Soc Psychol 1988;54:1063-70.

Gaab J. PASA - primary appraisal secondary appraisal.
Verhaltenstherapie 2009;19:114-5.

World Health Organization. WHOQOL-BREF : introduction,
administration, scoring and generic version of the assessment :
field trial version. In: Division of mental H. Geneva: World Health
Organization, December 1996.

Zimmermann S, et al. BMJ Open 2022;12:¢059672. doi:10.1136/bmjopen-2021-059672


http://dx.doi.org/10.1111/j.1530-0277.2012.01958.x
http://dx.doi.org/10.1007/s00213-013-3062-4
http://dx.doi.org/10.1038/npp.2017.257
http://dx.doi.org/10.1016/j.euroneuro.2015.04.013
http://dx.doi.org/10.1001/archgenpsychiatry.2011.49
http://dx.doi.org/10.1038/298161a0
http://dx.doi.org/10.1111/adb.12362
http://dx.doi.org/10.1073/pnas.1702725114
http://dx.doi.org/10.1111/acer.13359
http://dx.doi.org/10.1016/j.physbeh.2017.07.021
http://dx.doi.org/10.1097/ADM.0000000000000213
http://dx.doi.org/10.1016/j.biopsych.2017.04.015
http://dx.doi.org/10.1038/srep03440
http://dx.doi.org/10.1016/j.psyneuen.2018.05.031
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://dx.doi.org/10.1136/bmj.e7586
http://dx.doi.org/10.1016/j.jclinepi.2010.03.004
http://dx.doi.org/10.1111/adb.12150
http://dx.doi.org/10.1111/adb.12717
http://dx.doi.org/10.1001/archpsyc.60.1.92
http://dx.doi.org/10.1007/s00213-015-3882-5
http://dx.doi.org/10.1111/j.1369-1600.2011.00352.x
http://dx.doi.org/10.1159/000119004
http://dx.doi.org/10.1111/j.1530-0277.1995.tb01554.x
http://dx.doi.org/10.1111/j.1530-0277.1995.tb01554.x
http://dx.doi.org/10.1006/nimg.2002.1179
http://dx.doi.org/10.1016/j.biopsych.2013.12.017
http://dx.doi.org/10.1002/sim.2912
http://dx.doi.org/10.1002/(SICI)1521-4036(200001)42:1<17::AID-BIMJ17>3.0.CO;2-U
http://dx.doi.org/10.1002/(SICI)1521-4036(200001)42:1<17::AID-BIMJ17>3.0.CO;2-U
http://dx.doi.org/10.1177/0962280206074463
http://dx.doi.org/10.1037/0022-3514.54.6.1063
http://dx.doi.org/10.1037/0022-3514.54.6.1063
http://dx.doi.org/10.1159/000223610

	ON-­ICE trial: Investigation of the combined effects of oxytocin and naltrexone on stress-­induced and alcohol cue-­induced craving in alcohol use disorder–Study protocol of a phase II randomised double-­blind placebo-­controlled parallel-­group trial
	Abstract
	Introduction﻿﻿
	Methods
	Clinical trial design
	Study objectives
	Study population
	Recruitment and consent
	Randomisation
	Intervention
	Combined stress-exposure and alcohol cue-exposure experiment
	Data collection and outcome measures
	Sample size calculation
	Statistical analysis
	Analysis of the primary endpoint
	Analysis of the secondary endpoints

	Patient and public involvement

	Ethics and dissemination
	Ethical considerations
	Confidentiality
	Dissemination

	References


