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Background.  —  Cocaine  use  disorder  (CUD)  is  very  common  and  has  psychological  and  phys-
ical consequences.  Patients  with  CUD  present  hypoactivity  of  the  prefrontal  cortical  area.
Thus, excitatory  repetitive  transcranial  magnetic  stimulation  (rTMS)  targeting  the  premotor
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cortex/dorsolateral  prefrontal  cortex  (PMC/DLPFC),  given  its  ability  to  increase  prefrontal  area
excitability  and  to  modulate  cortico-limbic  activity,  could  result  in  a  decrease  in  cocaine  intake.
Methods.  —  We  designed  a  protocol  for  a  monocentric,  randomized,  double-blind,  placebo-
controlled,  parallel-group  pilot  trial,  with  the  principal  aim  of  assessing  the  efficacy  of  rTMS
on the  reduction  of  cocaine  intake.  Patients  with  CUD  will  be  recruited  according  to  inclusion
and exclusion  criteria,  and  then  randomized  to  undergo  active  or  sham  rTMS.  Our  rTMS  protocol
will consist  of  15  days  of  15  Hz  rTMS  targeting  the  left  PMC/DLPFC.  Toxicological  and  psychiatric
assessments,  urine  drug  tests,  the  Cocaine  Craving  Questionnaire  (CCQ)  and  the  Visual  Analogic
Scale (VAS)  will  be  used  to  assess  changes  from  baseline  in  cocaine  intake  and  craving,  mood
and quality  of  life.
Discussion.  — Only  a  few  studies  have  evaluated  the  efficacy  of  rTMS  for  CUD  treatment  in
humans, with  limitations  concerning  small  sample  size,  short  treatment  duration,  different  rTMS
protocols and  the  absence  of  a  placebo-controlled  group.  Our  study  will  attempt  to  overcome
these shortcomings  and  will  provide  data  that  can  be  used  for  future  larger  studies  of  non-
invasive  left  PMC/DLPFC  stimulation  as  a  treatment  for  CUD.
© 2018  Elsevier  Masson  SAS.  All  rights  reserved.
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rug  addiction  represents  a  significant  social  problem.
ddicts  continue  to  compulsively  seek  and  take  drugs
espite  adverse  social,  physical,  emotional  and  legal
onsequences.  Among  all  the  different  drug  addictions,
ocaine  use  disorder  (CUD)  represents  a  major  public
ealth  problem,  being  very  common  worldwide,  especially
n  the  Western  world  [15,16].  Cocaine  is  a  psychoactive
nd  addictive  substance  which,  when  taken  chronically,
auses  dysregulation  of  neurotransmitter  systems  (espe-
ially  dopamine  pathways)  [13,42,51,65], a  state  of
ypoactivity  in  the  dorsolateral  prefrontal  cortex  (DLPFC)
nd  brain  volume  reduction  [32,39,45,63,64],  as  well  as  sig-
ificant  cardiovascular  disease  [56].

Given  this  significant  morbidity  related  to  cocaine  use,
umerous  trials  have  been  carried  out  in  recent  years  to
dentify  an  adequate  and  effective  medication  for  CUD
reatment.  However,  to  date,  efforts  in  this  field  have
ot  brought  about  meaningful  results,  such  that  the  dis-
overy  of  an  effective  pharmacological  therapy  has  been
lusive  and  long-term  success  rates  are  quite  modest  [46].
urrently,  in  clinical  practice,  addicts  undergo  a  psycho-

ogical  and  pharmacological  therapy  association  strategy,
hich,  however,  does  not  provide  the  desired  results  con-
erning  a  decrease  in  cocaine  intake  and  craving  [57].
herefore,  the  development  of  new  treatment  strate-
ies  for  this  disease  continues  to  be  a  research  priority,
nd,  in  order  to  be  more  effective,  the  mechanisms  that
nderlie  the  development  of  addiction  and  craving  should
e  addressed.  For  example,  neuroimaging  studies,  car-
ied  out  in  addicted  patients  [28],  have  identified  that
he  DLPFC  shows  changes,  such  as  hypoactivity,  that  could
e  associated  with  inhibitory  control,  addiction  and  crav-
ng  [34,35,54].  For  this  reason,  alternative  and  innovative
herapies,  notably  repetitive  transcranial  magnetic  stimu-

ation  (rTMS)  targeting  the  DLPFC,  may  play  a  prominent
ole,  because  of  its  ability  to  focally  modulate  neuronal
xcitability  [17,54,60].  The  increase  in  excitability  in  this
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ortical  area  could  cause  a  greater  release  of  dopamine
t  the  level  of  the  nucleus  accumbens  (NA)  and  ventral
egmental  area  (VTA),  which  are  deeper  structures  con-
ected  with  the  DLPFC,  responsible  for  reward  circuitry.  The
ncrease  in  dopamine  release  could  culminate  in  a  reduction
n  cocaine  intake  and  craving.  rTMS  is  a  non-invasive  and
afe  brain  stimulation  technique  [37]  that  uses  magnetic
ulses  administrated  through  a  coil  set  on  cranial  land-
arks.  Depending  on  the  frequency  used,  rTMS  can  have  an

nhibitory  [9]  or  excitatory  effect  [47]. Previous  studies  have
hown  prefrontal  cortex  hypoactivity  [21,22,31]  associated
ith  decreased  excitability  in  this  cortical  region  in  cocaine-
ddicted  patients,  so  it  may  be  worth  using  an  excitatory
TMS  protocol  as  an  alternative  treatment  for  CUD.

To  date,  the  most  consistent  evidence  in  the  literature
egarding  the  mechanisms  that  underlie  the  development
f  addiction  and  craving  based  on  DLPFC  excitability  mod-
lation  come  from  studies  in  rats  [8,51],  and  only  a  few
tudies  have  applied  these  preliminary  results  to  human  sub-
ects  [24,25,38].  In  addition,  few  studies  have  been  carried
ut  in  human  subjects  using  DLPFC  excitability  modulation
nduced  by  rTMS  [2,5,49,61], by  deep  TMS  [50]  or  alterna-
ively  using  medial  PFC  excitability  modulation  induced  by
eep  TMS  [41]  to  evaluate  their  efficacy  in  CUD  treatment.
owever,  these  studies  have  shown  discrepancies  in  their
ndings,  probably  due  to  limitations  in  study  design.  These

imitations  concern  the  small  sample  size,  ranging  from  a
inimum  of  six  patients  [5]  to  a  maximum  of  36  [49],  the

hort  duration  of  treatment  [5], the  absence  of  a  control
roup  [49]  and  the  frequency/pattern  of  stimulation  [2].  In

 study  by  Terraneo  et  al.  [61], the  main  limitation  was  the
bsence  of  a  placebo-controlled  group.  Therefore,  in  this
ilot  study,  we  will  evaluate  the  efficacy  of  excitatory  rTMS
15  days  at  15  Hz)  on  the  left  premotor  cortex  (PMC)/DLPFC
n  reducing  cocaine  intake  in  addicted  patients  especially
t  one  week  after  the  end  of  last  rTMS  session  but  also  at
 weeks  after  treatment,  comparing  the  results  obtained
n  the  active  rTMS  group  versus  placebo.  In  addition,  our
econdary  aim  will  be  to  evaluate  if  this  treatment  is  also
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Figure  1  Course-lin

effective  in  craving  reduction  and  whether  it  has  effects  on
patient  mood  and  behavior.

Aims

The  principal  aim  of  this  pilot  study  will  be  to  evaluate  the
efficacy  of  excitatory  rTMS  (15  days  at  15  Hz)  on  the  left
PMC/DLPFC  in  reducing  cocaine  intake  in  addicted  patients
at  one  week  after  the  end  of  the  treatment,  comparing  the
results  obtained  in  the  active  rTMS  group  versus  placebo.

The  secondary  aims  of  this  study  will  be  to  evaluate  if  any
decrease  in  cocaine  intake  is  observed  at  8  weeks  following
the  last  rTMS  session,  and  whether  decrease  in  craving  is
also  observed.

The  hypothesis  is  that  the  increase  in  excitability  in  the
left  PMC/DLPFC,  due  to  the  high-frequency  rTMS  procedure,
should  cause  a  greater  release  of  dopamine  at  the  NA  and
VTA  levels,  with  the  result  of  a  decrease  in  cocaine  intake
and  craving  during  the  treatment,  immediately  after  the
treatment  and  up  to  8  weeks  following  the  last  rTMS  session.

Finally,  we  aim  to  assess  if  patients  show  changes  in  mood
and  behavior  after  rTMS  treatment,  such  as  a  decrease  in  the
state  of  anxiety  or  improvement  of  depressive  symptoms.

Methods

Design

This  is  a  randomized,  monocentric,  placebo-controlled,
double-blind,  parallel-group  study  [36].  The  study  will  be
carried  out  at  the  Toxicology  Unit,  Neurophysiology  Unit
and  Psychiatry  Unit  of  Careggi  University  Hospital,  Florence,
Italy.  Cocaine-addicted  patients  will  be  randomly  allocated
to  receive  15  sessions  (3  weeks  of  five  consecutive  daily
sessions  and  2  days  of  rest)  of  either  real  rTMS  (treatment

group)  or  sham  rTMS  (control  group).  Participants  will  be
recruited  among  those  seeking  treatment  for  CUD  either
referred  to  the  Emergency  Department,  to  the  Outpatient
Toxicology  Clinic  or  sent  by  primary  care  physicians  in  the
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gneTox  clinical  trial.

lorence  metropolitan  area  with  the  goal  of  recruiting  60
ocaine-addicted  patients  over  the  course  of  18  months.
utcomes  will  be  measured  at  baseline,  post-treatment  and
fter  8  weeks  of  follow-up.  The  course-line  of  the  MagneTox
linical  Trials  is  outlined  in  Fig.  1.  A  flow-chart  outlining  the
tudy  procedures  is  presented  in  Fig.  2.

thical  approval  and  trial  registration

ll  the  procedures  conform  to  Good  Clinical  Practice,  and
he  study  protocol  has  been  approved  by  the  Local  Ethics
ommittee  of  Azienda  Ospedaliero-Universitaria  Careggi
CEAVC  SPE.  16.309;  MagneTox  trial,  17th  July  2017).

All  patients,  after  having  been  provided  with  a  descrip-
ion  of  the  study,  will  sign  a  written  informed  consent  form
efore  starting  the  treatment,  in  accordance  with  the  Dec-
aration  of  Helsinki.

creening

tudy  researchers  will  screen  participants  for  eligibility.
nce  eligibility  is  confirmed,  the  patient  will  sign  an

nformed  consent.  In  line  with  the  CONSORT  guidelines
44,55],  we  will  record  the  number  and  reasons  for  any  parti-
ipants  who  will  be  excluded  or  any  who  will  decline  consent
r  withdraw  from  the  study.

nclusion  criteria

he  inclusion  criteria  are:

 male  and  female  patients  between  18  and  65  years  of  age;

 patients  who  meet  the  criteria  for  CUD  reported  in  the

Diagnostic  and  Statistical  Manual  of  Mental  Disorders  Fifth
Edition  (DSM-5)  [1];

 positivity  to  cocaine  use,  determined  by  a  urine  drug  test;
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Figure  2  Flow-chart  ou

 patients  who  are  able  to  provide  written  informed  consent
after  being  notified  about  the  treatment  and  the  study
protocol;

 patients  under  unmodified  psychiatric  pharmacological
treatment  for  at  least  4  weeks  before  the  beginning  of
the  rTMS  treatment.

xclusion  criteria

he  exclusion  criteria  are:

 major  depressive  disorder,  schizophrenia,  bipolar  disorder
or  other  psychosis  meeting  the  diagnostic  criteria  of  the
DSM-5;

 illiteracy  or  cognitive  impairment  (Mini-Mental  State
Examination  <  26);

 women  who  are  pregnant  or  lactating;

 other  medical  diseases  that  contraindicate  rTMS  treat-

ment  such  as  epilepsy;
 the  presence  of  devices  such  as  a  pacemaker  or  cochlear

prosthesis;

p
w
w
T

g  the  study  procedures.

 previous  rTMS  treatments  in  order  to  avoid  confounding
factors;

 patients  with  concomitant  alcohol  and  drug  use;
 patients  who  cannot  provide  written  informed  consent.

tudy  process

he  study  consists  of  three  stages  (Fig.  2):

 patient  screening  (stage  0);
 15  days  of  randomized  treatment  (stage  1);
 8  weeks  of  follow-up  (stage  2).

tage  0
articipants  will  be  recruited  among  those  seeking  treat-
ent  for  CUD  either  referred  to  the  Emergency  Department,

o  the  Outpatient  Toxicology  Clinic  or  sent  by  primary  care

hysicians  in  the  Florence  metropolitan  area.  These  patients
ill  undergo  toxicological  and  psychiatric  assessment  and
ill  be  screened  using  the  inclusion  and  exclusion  criteria.
he  clinical  and  biological  baseline  assessment  will  include:



r

S

T
c
b
s
d
r
c
t
u
m
i
d
i
5
[
m
a
a
d
t
m
w
p
w
t
e
t
1
w
o
t

D

A
t
7
w
p
g
w
s
i
o
s

D

S

rTMS  for  cocaine  use  decrease  

•  urine  drug  test  in  order  to  evaluate  previous  cocaine  use
and/or  use  of  other  substances  (such  as  opioids,  cannabis,
amphetamines  or  ethanol);

•  an  evaluation  of  craving  degree  by  using  the  Visual  Ana-
logic  Scale  (VAS)  and  the  Cocaine  Craving  Questionnaire
(CCQ)  [26];

•  a  structured  clinical  interview  for  psychiatric  evaluation
[18].

Finally,  during  the  toxicological  assessment,  the  physi-
cian  will  evaluate  the  need  to  start  or  to  continue  with
pharmacological  treatment.  In  the  case  of  a  pre-existing
treatment,  it  will  not  be  changed  during  the  entire  period  of
the  clinical  trial.  Instead,  in  the  case  of  the  need  to  start  a
new  drug  regimen,  the  rTMS  treatment  will  be  started  only
after  pharmacodynamic  equilibrium  is  achieved  (at  least
after  4  weeks).  However,  the  type  and  the  dosage  of  the
central  nervous  system  (CNS)  affecting  drugs  will  always
be  reported  for  each  patient.  Moreover,  the  referred  daily
cocaine  intake  of  patients  will  be  checked  and  reported  in  an
electronic  patient  chart  as  well  as  addictive  comorbidities
that  are  not  included  in  the  exclusion  criteria.

After  enrolling  in  the  study,  patients  will  be  provided  with
a  complete  description  of  the  study  and  will  provide  written
informed  consent  (T0).

Stage  1
Generation  of  the  randomization  sequence  will  be  con-
ducted  by  a  team  member,  using  a  block  randomization
algorithm.  Thus,  patients  will  be  allocated  to  one  of  the
two  trial  arms  (real  or  sham  rTMS).  Before  starting  with
the  first  rTMS  session,  an  electroencephalogram  (EEG)  will
be  performed  in  order  to  exclude  the  presence  of  epileptic
discharges.  Participants  will  receive  real  or  sham  rTMS  ses-
sions  over  15  consecutive  weekdays.  Each  session  will  last
between  30  and  40  minutes,  including  preparation  time  and
13  minutes  of  rTMS.  Treatment  will  be  delivered  by  a  neu-
rophysiology  technologist  trained  in  the  administration  of
rTMS.  A  case  record  form  for  each  trial  patient  will  be  kept
to  monitor  session  attendance  or  protocol  violation.  At  each
rTMS  session,  physicians  will  also  evaluate  possible  adverse
events  (AEs),  and  reporting  will  conform  to  national  legisla-
tion  (D.L.  211/2003)  [10].  In  the  event  of  mild  side  effects,
such  as  a  slight  headache,  patients  will  be  not  withdrawn
but  will  be  able  to  discontinue  rTMS  treatment  if  they  wish.
rTMS  will  be  halted  immediately  if  the  participants  experi-
ence  a  more  serious  AE,  such  as  an  epileptic  seizure.  After
the  last  rTMS  session  is  delivered,  another  EEG  will  be  per-
formed.  The  first  stage  will  end  with  a  clinical  assessment
similar  to  that  performed  at  stage  0,  one  week  after  the  end
of  the  last  rTMS  session  (T1).  In  addition,  for  the  duration  of
stage  1,  a  biweekly  urine  drug  test  and  craving  evaluation
using  the  CCQ  will  be  performed.

Stage  2
This  stage  corresponds  to  8  weeks  of  follow-up  phase  with-

out  treatment.  During  this  period,  patients  will  undergo
a  biweekly  urine  drug  test  and  CCQ.  At  the  end  of  this
follow-up  period,  the  patients  will  undergo  the  same  clinical
assessment  carried  out  at  stages  0  and  1  (T2).
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TMS procedure

ite  localisation  of  the  PMC/DLPFC

he  target  of  cortical  stimulation  will  be  set  based  on
ranial  landmarks,  according  to  the  theoretical  distance
etween  the  cortical  region  being  targeted  and  a  reference
calp  point  determined  by  TMS  (‘function-guided»  proce-
ure)  [58].  The  left  cortical  motor  area  will  be  used  as  a
eference  point.  To  determine  the  hand  motor  hotspot,  the
oil  will  be  positioned  over  the  supposed  left  motor  cor-
ex  area,  using  motor  evoked  potentials  (MEPs)  recorded
sing  the  contralateral  (right)  first  dorsal  interosseous  (FDI)
uscle.  Then,  the  coil  will  be  moved  until  the  location

s  identified  at  which  a  single-pulse  TMS  produces  repro-
ucible  MEPs  that  are  elicited  at  the  lowest  stimulation
ntensity  [53]. Thus,  the  left  PMC/DLPFC  will  be  located

 cm  anterior  and  2  cm  lateral  to  the  hand  motor  hotspot
48]. Once  the  position  for  TMS  is  determined,  it  will  be
arked  on  an  elastic  cap  customized  for  each  patient  during

ll  rTMS  sessions.  The  coil  will  be  fixed  to  an  adjustable  arm,
nd  the  landmarks  on  the  cap  will  be  repeatedly  inspected
uring  the  rTMS  session  to  ensure  accurate  positioning  of
he  coil  on  different  days.  The  procedures  used  to  deter-
ine  the  position  of  the  M1  area  and  the  motor  threshold
ill  be  repeated  before  each  rTMS  session.  Through  map-
ing  of  the  FDI  muscle  response,  the  intensity  of  the  rTMS
ill  be  acquired  by  obtaining  the  individual’s  resting  motor

hreshold  (rMT),  which  represents  the  membrane-related
xcitability  of  cortical  axons.  To  ensure  safety  and  efficacy,
he  rMT  will  be  assessed  daily  for  each  participant  during  the
5  rTMS  treatment  sessions.  Using  the  MEP  method,  the  rMT
ill  be  established  by  determining  the  minimum  stimulator
utput  intensity  required  to  obtain  5  out  of  10  MEPs  greater
han  50  �V  [66].

elivery  of  real  rTMS

 MagPro  X100  stimulator  (Medtronic,  Denmark)  connected
o  a  standard  figure-of-eight  coil  with  an  outer  half-radius  of
5  mm  (MCF-B65  Butterfly  Coil)  will  be  used.  The  coil  centre
ill  be  placed  at  the  left  PMC/DLPFC  with  the  coil  handle
ointing  45◦ relative  to  the  midsagittal-line.  Patients  in  this
roup  will  receive  15  sessions  of  high-frequency  rTMS  (15  Hz)
ith  a  pulse  intensity  of  100%  of  their  individual  rMT,  con-

isting  of  60  pulses  per  train  with  an  inter-train  pause  of  15  s
n  40  stimulation  trains  for  a  total  of  2400  pulses  in  13  min
f  stimulation.  These  parameters  are  based  on  a  previous
tudy  [61]  and  respected  safety  guidelines  [52].

elivery  of  sham  rTMS

ham  stimulation  will  be  given  using  the  same  stimulator  and

arameters  as  real  rTMS;  however,  a  placebo  coil  (MCF-P-B65
lacebo  Coil)  will  be  used.  The  placebo  coil  has  a  mechanical
utline  and  sound  level  identical  to  the  MCF-B65,  but  the
agnetic  field  is  reduced  by  almost  80%.
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linding

articipants  and  researchers  conducting  assessments  will  be
linded  to  the  treatment  allocation.  Thus,  the  study  will  be
onducted  in  a  double-blinded  fashion.  To  assess  whether
llocation  concealment  has  been  successful,  participants
ill  be  asked  to  guess  their  treatment  allocation  at  the  end
f  the  rTMS  treatment  and  to  indicate  how  certain  they  are
f  this  guess.  Participants  will  be  debriefed  upon  completion
f  the  8  weeks’  follow-up  and  unblinded  to  group  allocation
t  the  end  of  the  clinical  trial.

ample  size  calculation

his  is  a  pilot  study.  The  results  of  urinary  drug  tests  during
reatment  and  follow-up  are  considered  the  primary  efficacy
utcome,  while  craving  degree  evaluation,  using  the  CCQ
nd  VAS,  is  the  secondary  outcome.  In  this  context  [29], the
ample  size  calculation  will  be  based  on  an  expected  dif-
erence  between  the  treatment  groups  of  20%,  considering

 significance  level  of  0.05%  and  a  power  of  80%,  and  with
he  hypothesis  of  a  premature  dropout  or  a  non-initiation  of
he  treatment  for  20%  of  the  patients.  Thus,  the  estimated
ample  size  will  be  n  =  60  (30  participants  per  group).

easibility

he  catchment  area  will  be  the  ‘‘Provincia  di  Firenze’’  with
lmost  1  million  inhabitants  (data  from  June  2015).  Patients
ill  be  recruited  in  13  centres  for  drug  use  disorders  located

n  the  Florence  area  (Tuscany)  or  in  the  Toxicology  Unit  of
areggi  University  Hospital  in  Florence.  Our  Neurophysiol-
gy  Unit  will  perform  up  to  four  rTMS  sessions  each  day,

 days/week  (from  Monday  to  Friday).  Considering  the  3
eeks  of  scheduled  treatment  for  every  patient  and  48
eeks/year,  we  could  potentially  enroll  64  patients/year.
he  decision  as  to  whether  to  progress  the  study  to  a  future

arge-scale  randomized  controlled  trial  (RCT)  will  be  based
n  a  number  of  criteria.  These  will  include  the  number  of
atients  we  are  able  to  recruit,  the  proportion  of  patients
etained  in  the  study,  the  proportion  of  patients  completing
he  real  rTMS/sham  intervention,  the  acceptability  of  real
TMS/sham  intervention  and  the  effect  size  of  treatment
utcomes.

linical  outcomes

nalyses  will  use  the  intention-to-treat  principle.  To  deter-
ine  quality,  completeness  and  variability  of  the  outcome
easures,  we  will  employ  descriptive  statistical  analyses

nd  graphical  methods.  In  univariate  analysis  for  normally
istributed  variables,  Student’s  t-test  will  be  used,  whereas
or  categorical  variables  the  Chi2 test  will  be  performed.
he  size  of  the  treatment  effect  on  each  outcome  mea-
ure  will  be  the  difference  in  outcome  data  between  those
n  the  two  treatment  groups  post-treatment  and  at  follow-

p.  Group  differences  will  be  estimated  using  linear  mixed
ffects  regression  models,  controlling  for  the  baseline  level
f  the  measured  outcomes.  To  consider  lacking  data,  we
ill  employ  a  multiple  imputation  technique,  according  to

p
a
s
i

M.  Scarpino  et  al.

empster  et  al.  [11].  Kaplan—Meier  curves  will  be  used  to
lot  the  cumulated  proportions  of  event-free  patients  (drug
rine  screen)  in  the  two  groups:  significance  between  pairs
f  curves  will  be  tested  by  log-rank.  The  aim  of  the  anal-
sis  will  be  to  establish  a  suitably  precise  effect  size  for
he  primary  outcome  for  a  future  large-scale  RCT  at  the
ost-treatment  assessment.

iscussion

n  recent  years,  rTMS  has  been  used  for  the  treatment
f  some  neurologic  and  psychiatric  disorders,  particularly
hose  associated  with  abnormal  dopamine  activity  and
ltered  cortical  excitability,  such  as  depression  [3,33],
chizophrenia  [23,59]  or  drug  addiction  [12,14,43].  Some
uthors  recently  proposed  the  use  of  rTMS  for  the  treat-
ent  of  cocaine-addicted  patients  [2,5,45,56].  In  these

ubjects,  rTMS  targets  the  DLPFC  because  of  evidence  of
ypoactivity  in  this  cortical  region  related  to  addiction,
raving  and  compulsive  drug-seeking  behaviors  [28,34,54].
he  development  of  new  treatments,  such  as  rTMS,  for
ocaine-dependent  patients  is  a  much-debated  topic  of
reat  interest  in  recent  years,  representing  a  great  ther-
peutic  challenge.  This  is  because,  despite  the  significant
orbidity  related  to  cocaine  use,  no  unequivocally  effec-

ive  pharmacological  therapies  have  been  identified  to  date
30]. Furthermore,  the  few  recent  studies  that  proposed
TMS  for  CUD  treatment  showed  some  limitations  concern-
ng  the  small  size  of  the  sample  [5], the  short  treatment
uration  [5], the  absence  of  a  control  group  [49],  the  use
f  different  rTMS  protocols  (including  sub-optimal  rTMS  fre-
uency  [10  Hz]  [2]),  and  the  absence  of  a  placebo  control
roup  [61].  The  role  of  rTMS  parameters  in  modulating  the
fficacy  of  stimulation  is  a  topic  of  wide  debate  [27].  In  par-
icular,  the  frequency  and  pattern  of  stimulation  seem  to
e  key  elements  in  the  observed  effects,  as  shown  in  some
ecent  studies  [7,61]  in  which  the  frequency/pattern  was
0  Hz  or  15  Hz  compared  to  the  study  by  Bolloni  et  al.  [2]
n  which  10  Hz  was  used.  However,  at  the  same  time,  the
ositive  effects  obtained  with  active  high-frequency  rTMS
n  the  DLPFC  [61]  had  to  be  necessarily  compared  to  those
btained  in  a  placebo  group.  Another  important  point  of
ebate  is  the  side  of  stimulation.  In  particular,  we  decided  to
erform  rTMS  targeting  the  left  PMC/DLPFC  because  of  pre-
ious  studies  using  functional  magnetic  resonance  imaging
howing  that  in  patients  with  CUD,  craving  was  associated
ith  left  DLPFC  activation  [19,40]. Moreover,  rTMS  targeting

eft  DLPFC  has  been  shown  to  reduce  the  urge  to  smoke  and
igarette  consumption  [14]  and  to  modulate  food  craving
62]. Several  potential  practical  and  operational  issues  may
ose  challenges  to  the  completion  of  this  study,  particularly
ith  regards  to  recruitment  and  attrition.  Patients  with  CUD
re  often  ambivalent  about  treatment,  and  this  is  reflected
n  poor  adherence  rates  of  certain  treatments  and  high
ropout.  Thus,  even  though  rTMS  appears  promising  in  CUD,
t  is  unclear  what  the  attendance  and  retention  rates  will
e  when  the  treatment  is  offered  to  CUD  patients.  Although

articipants  show  interest  in  undergoing  rTMS,  adherence
nd  completion  of  the  treatment  may  prove  challenging,
uch  as  in  cases  in  which  the  treatment  is  too  uncomfortable,
f  the  study  is  too  cumbersome,  or  if  the  participant  believes
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that  they  are  receiving  the  sham  treatment.  Concerning  the
latter  point,  although  we  will  use  a  sham  coil  that  elicits
a  more  realistic  TMS-like  sensation,  it  is  not  clear  whether
participants  will  be  able  to  distinguish  between  the  real  and
sham  treatment  and  what  impact  this  will  have  on  attrition
rates.  For  this  reason,  we  will  exclude  patients  with  previous
experience  with  rTMS  treatment.  It  is  important  to  ascertain
patient  willingness  to  undergo  random  allocation  to  real  or
sham  rTMS.  Indeed,  rTMS  is  a  relatively  demanding  treat-
ment,  requiring  daily  attendance  for  an  extended  period.
However,  this  type  of  RCT  is  considered  the  gold  standard
method  of  evaluating  the  clinical  efficacy  of  rTMS  treatment
in  other  disorders,  such  as  depression  [20].  In  addition,  we
are  aware  that  another  main  limitation  of  our  study  proto-
col  is  represented  by  the  lack  of  the  use  of  neuro-navigation
that  may  lead  to  inaccuracies  in  the  localisation  of  the
PMC/DLPFC  target  point.  This  could  impact  rTMS  efficacy,
and  it  must  be  taken  into  account  in  the  case  of  negative
results.  Another  possible  limitation  that  could  impact  rTMS
efficacy  is  represented  by  the  pharmacological  treatment
to  which  patients  with  CUD  are  subjected,  such  as  anticon-
vulsant  and  benzodiazepine  drugs,  but  the  withdrawal  of
pre-existing  treatments  is  not  allowed  by  our  Local  Ethics
Committee.  Finally,  another  limitation  of  our  study  proto-
col  concerns  the  lack  of  neuroimaging  data  before  and  after
rTMS  treatment.  This  will  not  allow  us  to  investigate  the
mechanism  of  action  of  rTMS  in  responder  patients;  how-
ever,  the  main  aim  of  our  study  is  not  to  investigate  the
pathophysiological  mechanisms  underlying  the  therapeutic
effects.

Conclusion

With  this  study,  we  will  try  to  overcome  the  limits  of  previ-
ous  ones,  investigating  the  short-  and  long-term  efficacy  of
modulating  left  PMC/DLPFC  excitability  through  15  Hz  rTMS
to  treat  CUD,  by  comparing  the  findings  of  active  rTMS  arm
versus  placebo.  In  fact,  the  strength  of  the  study  is  that  the
protocol  adheres  to  guidance  on  the  optimal  conduct  of  neu-
romodulation  trials  [4,6,44].  Moreover,  this  paper  outlines
the  protocol  for  a  pilot  trial  that  can  be  used  for  future  stud-
ies,  for  example,  by  providing  effect  sizes  for  a  larger  RCT
that  can  provide  evidence  for  non-invasive  brain  stimulation
as  a  potential  treatment  for  CUD.

Trial status

The  study  has  been  registered  on  ClinicalTrials.gov  with
identifier  number  NCT03607591.  Enrolment  for  this  study
began  in  October  2017.  At  the  time  of  submission,  we  had
enrolled  17  subjects.
Disclosure of interest

The  authors  declare  that  they  have  no  competing  interest.
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ppendix A. Supplementary data

upplementary  data  associated  with  this  arti-
le  can  be  found,  in  the  online  version,  at
ttps://doi.org/10.1016/j.neucli.2018.10.002.
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