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Introduction:  It  has  been  observed  in  recent  years  that  levels  of  such  molecules  as  cal-
citonin gene—related  peptide  (CGRP)  and,  to  a  lesser  extent,  the  pituitary  adenylate
cyclase—activating  peptide  are  elevated  during  migraine  attacks  and  in  chronic  migraine,  both
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in  the  cerebrospinal  fluid  and  in  the  serum.  Pharmacological  reduction  of  these  proteins  is
clinically significant,  with  an  improvement  in  patients’  migraines.  It  therefore  seems  logical
that one  of  the  main  lines  of  migraine  research  should  be  based  on  the  role  of  CGRP  in  the
pathophysiology  of  this  entity.
Development:  The  Spanish  Society  of  Neurology’s  Headache  Study  Group  decided  to  draft  this
document  in  order  to  address  the  evidence  on  such  important  issues  as  the  role  of  CGRP  in  the
pathophysiology  of  migraine  and  the  mechanism  of  action  of  monoclonal  antibodies  and  gepants;
and to  critically  analyse  the  results  of  different  studies  and  the  profile  of  patients  eligible  for
treatment  with  monoclonal  antibodies,  and  the  impact  in  terms  of  pharmacoeconomics.
Conclusions:  The  clinical  development  of  gepants,  which  are  CGRP  antagonists,  for  the  acute
treatment  of  migraine  attacks,  and  CGRP  ligand  and  receptor  monoclonal  antibodies  offer
promising  results  for  these  patients.
© 2019  Sociedad  Española  de  Neurología.  Published  by  Elsevier  Espa?a,  S.L.U.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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CGRP  en  migraña:  de  la  fisiopatología  a  la  terapéutica

Resumen
Introducción:  En  los  últimos  años  se  ha  observado  que  moléculas  como  el  péptido  relacionado
con el  gen  de  la  calcitonina  (CGRP)  y,  en  menor  grado,  el  péptido  activador  de  la  adenilato-
ciclasa pituitaria  (PACAP)  estaban  elevadas  durante  los  ataques  de  migraña  y  en  la  migraña
crónica  tanto  en  líquido  cefalorraquídeo  como  en  suero  y  que  su  reducción  farmacológica  tenía
una significación  clínica  con  una  mejoría  en  la  migraña  de  los  pacientes.  Es  lógico  por  tanto
que una  de  las  principales  líneas  de  investigación  en  migraña  se  base  en  el  papel  del  CGRP  en
la fisiopatología  de  esta  entidad.
Desarrollo:  Desde  el  Grupo  de  Estudio  de  Cefaleas  de  la  Sociedad  Española  de  Neurología
nos planteamos  la  redacción  de  este  documento,  cuyo  objetivo  es  abordar,  basándonos  en  la
evidencia  publicada,  cuestiones  tan  importantes  como  el  papel  del  CGRP  en  la  fisiopatología
de la  migraña,  el  mecanismo  de  acción  de  los  AMC  y  de  los  gepantes,  el  análisis  crítico  de
los resultados  de  los  diferentes  estudios,  el  perfil  del  paciente  que  podría  ser  candidato  al
tratamiento  con  AMC  y  su  impacto  en  términos  de  farmacoeconomía.
Conclusiones:  El  desarrollo  clínico  de  los  gepantes,  antagonistas  del  CGRP,  para  el  tratamiento
agudo del  ataque  de  migraña  y  de  los  anticuerpos  monoclonales  (AMC)  contra  ligando  y  contra
el receptor  del  CGRP,  ofrecen  resultados  esperanzadores  para  nuestros  pacientes.
© 2019  Sociedad  Española  de  Neurología.  Publicado  por  Elsevier  Espa?a,  S.L.U.  Este  es  un
art?culo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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n recent years, one of the main lines of research in migraine
as been the search for biomarkers that may contribute to our
nderstanding of the pathophysiology of the condition and to the
esign of new treatment options, leading to the advent of what
s known as ‘‘precision medicine in migraine.’’ Elevated levels of
uch molecules as calcitonin gene—related peptide (CGRP) and, to

 lesser extent, pituitary adenylate cyclase—activating polypeptide
PACAP) have been detected during migraine attacks1 and in chronic
igraine (CM), both in the cerebrospinal fluid2 and in the serum3;
harmacological treatments to reduce their levels are associated
ith a clinically significant improvement in migraine.4,5 The clini-
al development of gepants, CGRP antagonists, for the treatment of
igraine attacks was temporarily interrupted due to transaminitis,6

lthough current results are promising.7 Subsequently, monoclonal

ntibodies were developed that target the CGRP ligand and receptor
nd do not interact with liver enzymes; these molecules are large
preventing them from crossing the blood-brain barrier [BBB]) and
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39
resent a high level of specificity. Recently completed clinical tri-
ls with anti-CGRP monoclonal antibodies in episodic migraine (EM)
nd CM, and with gepants to treat attacks, offer promising results
or our patients.

This study by the Spanish Society of Neurology’s Headache Study
roup (GECSEN) reviews the published evidence to address such

mportant issues as the role of CGRP in the pathophysiology of
igraine, the action mechanisms of monoclonal antibodies and

epants, the critical analysis of the results of different studies,
he profile of potential candidates for treatment with monoclonal
ntibodies, and the impact of these drugs in terms of pharmacoeco-
omics.

ethods
e established an expert committee comprising 16 GECSEN
embers, who independently submitted their recommendations,
resented in a question and answer format, on a series of highly
mportant issues related to the new treatments targeting CGRP.

1
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S.  Santos-Lasaosa,  R.  B

hese recommendations are based on the available evidence and on
linical experience. Consensus was reached according to the Delphi
ethod.

Following this methodology, the most clinically relevant subjects
re addressed by the following questions:

 What is the role of CGRP in the pathophysiology of migraine?
 Is CGRP a biomarker of migraine?
 What is the role of gepants in the symptomatic treatment of

migraine?
 What monoclonal antibodies have been tested in clinical trials of

migraine? What is the efficacy and safety of these drugs?
 What are the benefits of monoclonal antibodies over current

treatments for episodic and chronic migraine?
 What are the characteristics of patients who respond to anti-

CGRP monoclonal antibodies?
 When is migraine considered to be treatment-resistant?
 In terms of pharmacoeconomics, what do anti-CGRP monoclonal

antibodies contribute to the treatment of migraine?

hat is the role of CGRP in the
athophysiology of migraine?

n  the  last  decade,  advances  in  basic  research  and  var-
ous  functional  neuroimaging  studies  have  improved  our
nderstanding  of  the  pathophysiology  of  such  a  complicated
isease  as  migraine.

The  trigeminovascular  system  plays  a  central  role  in  pain
uring  migraine  attacks.  It  is  composed  of  the  vessels  of  the
ura  mater  and  pia  mater  and  sensory  afferents  from  the
phthalmic  branch  of  the  trigeminal  nerve,  which  surround
hese  vessels  (A�  and  C  polymodal  nociceptive  afferents).
hese  fibres  transmit  nociceptive  information  to  the  trigem-

nal  nucleus  caudalis,  which  is  part  of  the  trigeminocervical
omplex  and  receives  afferents  from  the  first  cervical  roots.

Two  potentially  compatible  theories  have  been  pro-
osed  to  explain  the  activation  of  the  trigeminovascular
ystem  during  migraine  attacks.  Cortical  spreading  depres-
ion,  the  pathophysiological  substrate  of  migraine  aura,  is

 wave  of  neuronal  and  glial  depolarisation  that  moves
cross  the  cerebral  cortex  at  a  rate  of  2.5-5  mm/second
nd  is  followed  by  a  sustained  suppression  of  spontaneous
euronal  activity.  It  is  accompanied  by  changes  in  vas-
ular  calibre  and  blood  flow  (an  initial  phase  of  cortical
yperaemia,  lasting  several  minutes,  followed  by  a  more
rolonged  phase  of  hypoperfusion)  and  changes  in  energy
etabolism,  leading  to  the  release  of  chemical  mediators

prostaglandins  and  such  excitatory  neurotransmitters  as
lutamate  and  nitric  oxide)  into  the  extra-  and  perivascu-
ar  spaces.  Cortical  changes  also  occur  during  this  process;
hese  include  the  release  of  adenosine  triphosphate  and
lutamate  from  neurons  and  glia  and  the  activation  of
etalloproteases  that  rupture  the  BBB,  allowing  chemical
ediators  to  activate  trigeminal  terminals  surrounding  the
eningeal  vessels.8

Pain  seems  to  be  generated  in  the  brainstem  nuclei,
ocus  coeruleus,  and  dorsal  raphe  nucleus.  This  theory  is
ased  on  neuroimaging  studies,  which  have  demonstrated

hat  these  structures  are  activated  in  this  phase  of  migraine;
owever,  limbic  system  structures  are  also  activated  (pre-
rontal  cortex,  cingulate,  insula,  thalamus).  Furthermore,
hese  nuclei,  and  especially  the  periaqueductal  grey  matter,
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articipate  in  the  descending  antinociceptive  system,  and
an  therefore  modulate  pain  signals.  Their  activation  results
n  dysfunction  and  promotes  nociceptive  afferent  inputs.9

In  both  cases,  activation  of  the  trigeminovascular  sys-
em  is  the  final  result.  This  activation  occurs  bidirectionally,
nd  has  2  consequences:  orthodromic  conduction,  with
ociceptive  information  being  transmitted  towards  the
rigeminal  nucleus  caudalis,  thalamus,  and  somatosen-
ory  cortex;  and  antidromic  conduction,  causing  aseptic
eningeal  inflammation  secondary  to  the  release  of  vasoac-

ive  neuropeptides  (substance  P,  CGRP,  VIP,  endothelin-3,
ACAP,  neuropeptide  Y,  peptide  histidine-methionine,  and
eurokinin  A).

CGRP  is  the  molecule  that  has  most  consistently  been
ssociated  with  activation  of  the  trigeminovascular  system.
t  is  one  of  6  peptides  in  the  calcitonin  family;  the  �  sub-
orm  is  highly  abundant  in  the  cerebral  blood  vessels  and
n  the  trigeminal  ganglion.  It  has  a  potent  vasodilatory
ffect  and  facilitates  nociception.  CGRP  and  its  receptor
re  also  known  to  be  expressed  in  such  other  locations
s  afferent  terminations  from  the  trigeminal  nucleus  cau-
alis  (hence  also  playing  a  role  in  central  sensitisation),
erebellum,  dura  mater,  periaqueductal  grey  matter,  thala-
us,  hypothalamus,  limbic  system,  and  cortex.  There  is  also

xtensive  evidence  of  its  involvement  in  the  phenomenon
f  central  sensitisation  and,  therefore,  in  the  allodynia  and
yperalgesia  reported  by  some  patients  during  migraine
ttacks.10—14 Finally,  CGRP  is  reported  to  play  a  role  in  photo-
hobia,  one  of  the  most  characteristic  features  of  migraine
ttacks.

s CGRP a biomarker of migraine?

erhaps  we  should  first  consider  whether  there  is  a  need
or  a  biomarker  for  an  entity  like  migraine,  whose  clinical
iagnosis  appears  to  be  straightforward.  The  answer  to  this
uestion  is  a  definite  yes,  based  on  2 arguments.  Firstly,  mis-
iagnosis  occurs,  especially  in  patients  with  CM.15 Secondly,
aving  a  reliable  biomarker  enables  objective  evaluation  of
reatment  response.  Furthermore,  in  such  a  condition  as
igraine,  which  is  invisible,  the  disease  gains  recognition

s  a  biological  entity,  reducing  stigma.
In  migraine  attacks,  pain  is  caused  by  activation  of

he  trigeminovascular  system,  composed  of  afferents  from
he  trigeminal  nerve  and  efferents  from  the  parasympa-
hetic  fibres  of  the  facial  nerve.  It  appears  reasonable
hat  biomarkers  of  migraine  may  include  some  of  the  more
han  10  neuropeptides  involved  in  activation  of  this  sys-
em,  affecting  either  the  trigeminal  nerve  (CGRP,  substance
,  neurokinin  A,  amylin,  cholecystokinin-8,  S100B)  or  the
arasympathetic  nervous  system  (VIP,  PACAP,  heliodermin,
elospectin  I  and  II,  peptide  histidine-methionine,  nitric
xide).

In  1994,  Lars  Edvinsson  and  Peter  Goadsby1 were  able
o  measure  the  levels  of  several  of  these  peptides  in  blood
amples  taken  from  the  external  jugular  vein  ipsilateral

o  pain  during  a  migraine  attack.  The  only  peptide  consis-
ently  observed  at  elevated  levels  was  CGRP.  Furthermore,
GRP  normalised  after  treatment  with  sumatriptan16;  a
ore  recent  study  found  this  also  to  occur  after  treatment
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relevant  characteristics.  Eight  phase  3  clinical  trials  includ-
ing  patients  with  EM  and  CM  have  been  published  to  date
(Table  2),  although  more  trials  are  underway,  with  results  to
Neurología  37

ith  rizatriptan.17 However,  levels  of  substance  P,  thought
t  the  time  to  play  a  crucial  role,  were  not  elevated,  and
IP  levels  were  only  increased  in  patients  with  parasym-
athetic  autonomic  symptoms.  The  need  to  collect  blood
rom  the  jugular  vein  limits  the  reproducibility  of  these
ndings.  However,  in  a  2012  study  with  ELISA  techniques,
odríguez-Osorio  et  al.18 detected  elevated  levels  of  CGRP  in
eripheral  blood  during  migraine  attacks.18 The  importance
f  CGRP  was  once  more  demonstrated  when  experimental
tudies  showed  that  intravenous  injection  of  the  neuropep-
ide  was  able  to  induce  delayed  migraine-like  attacks  only  in
atients  diagnosed  with  migraine.19 These  results  confirmed
he  role  of  CGRP  as  a  potential  biomarker  of  the  acute  phase
f  migraine.

Subsequently,  studies  using  animal  models  found  that  in
ddition  to  its  involvement  in  the  acute  phase  of  migraine,
GRP  also  participates  in  the  phenomenon  of  sensitisa-
ion  and  in  migraine  transformation.20 Therefore,  it  is
nsurprising  that  elevated  CGRP  levels  should  be  detected
uring  attacks  in  the  peripheral  blood  of  patients  with
M.3 Other  studies  have  shown  that  the  saliva  and  cere-
rospinal  fluid  also  present  increased  CGRP  levels  during
igraine  attacks  in  patients  with  EM  and  in  the  inter-

ctal  phase  in  CM.2 However,  these  findings  have  been
uestioned  due  to  methodological  problems  with  sample
rocessing.

A  biomarker  must  be  capable  of  predicting  the  response
o  specific  treatment  and  must  normalise  with  treatment  (as
s  the  case  with  glycaemia  in  diabetes,  for  example).  CGRP
eets  both  requirements  reasonably  well  in  CM:  high  levels

f  the  peptide  can  predict  good  response  to  treatment  with
nabotulinumtoxinA  (OnabotA),  and  CGRP  levels  have  been
hown  to  decrease  following  proper  pericranial  injection  of
he  drug.4,5,21

The  available  data  may  seem  to  suggest  that  periph-
ral  blood  CGRP  is  the  first  biomarker  of  migraine,  both
or  acute  pain  and  for  migraine  transformation.  Unfortu-
ately,  we  are  far  from  being  able  to  categorically  support
his  hypothesis.  Approximately  one-third  of  patients  with
igraine  present  similar  CGRP  levels  to  those  of  controls
ithout  headache,  both  during  attacks  and  in  the  interic-

al  phase  of  CM.  This  is  a  crucial  point,  as  it  indicates  that
GRP  may  not  be  the  most  relevant  factor  in  some  cases.

n  fact,  as  reported  by  Edvinsson  and  Goadsby,1 levels  of
uch  parasympathetic  peptides  as  VIP  also  increase  during
igraine  attacks  and  in  CM.22 This  would  explain  why  the

esults  of  acute  treatment  with  gepants  or  anti-CGRP  mon-
clonal  antibodies  have  not  been  as  spectacular  as  we  may
xpect  if  CGRP  was  the  only  molecule  involved.  Further-
ore,  it  has  not  been  confirmed  that  CGRP  in  the  jugular

ein  is  produced  as  a  result  of  trigeminal  activation,  despite
ata  from  some  experimental  studies  suggesting  that  this
s  indeed  the  case.23 Another  important  issue  is  the  repro-
ucibility  and  reliability  of  the  ELISA  tests  available  on  the
arket.  Finally,  the  influence  of  these  peptides’  short  half-

ife  on  the  results  of  studies  from  different  laboratories  is
nknown.

In  conclusion,  there  is  an  undeniable  need  for  a  periph-
ral  blood  biomarker  of  migraine,  and  CGRP  seems  to  be  the
ost  suitable.  However,  we  are  far  from  being  able  to  affirm

ts  status  as  a  reliable,  reproducible  biomarker  of  migraine

n  clinical  practice. b
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hat is the role of gepants in the symptomatic
reatment of migraine?

epants,  CGRP  antagonists,  represent  a  new  class  of  treat-
ent  for  the  symptomatic  management  of  migraine,  and

n  alternative  to  triptans,  which  target  the  5-HT1B and
-HT1D receptors.24,25 Double-blind  randomised  controlled
rials  have  shown  that  gepants  are  superior  to  placebo  in
educing  pain  intensity,  presenting  similar  efficacy  to  trip-
ans  but  a better  safety  profile.

Olcegepant  (BIBN  4096BS)  was  the  first  gepant  found  to
e  more  efficacious  than  placebo  in  reducing  pain  inten-
ity,  showing  promising  results  in  the  rate  of  recurrence
t  2  hours,  persistence  of  response  over  the  next  24
ours,  and  improvements  in  associated  symptoms  including
ausea,  photophobia,  and  phonophobia.  The  most  fre-
uent  adverse  reaction  was  paraesthesia.26,27 The  drug
as  administered  intravenously,  making  it  an  impractical
hoice.

The  development  of  telcagepant  (MK-0974)  was  sus-
ended,  despite  good  results  in  comparison  to  rizatriptan
0  mg  in  a  double-blind  randomised  controlled  trial.28 The
eason  for  this  was  that  a  subsequent  study  assessing  the  pre-
entive  treatment  of  migraine  with  daily  administration  of
he  drug  over  3  months,  compared  against  placebo,  reported
everal  cases  of  hepatotoxicity.6 Rimegepant  (BMS-927711)
as  been  shown  to  be  more  efficacious  than  placebo  for
arameters  including  absence  of  pain  at  2  hours  in  a  phase

 trial,  with  similar  figures  to  those  reported  for  suma-
riptan  100  mg.  A  phase  3  trial  (NCT03235479)  is  currently
nderway.29

Finally,  phase  2a  trials  of  ubrogepant  (MK-1602)  have
hown  the  drug  to  be  more  efficacious  than  placebo,
ith  a  low  rate  of  adverse  reactions.  Two  phase  3

rials  (NCT02828020  and  NCT02867709)  have  recently
een  completed,  and  the  open-label  extension  phase
NCT02873221)  to  assess  its  safety  and  tolerability  remains
ctive.7

Gepants  may  present  similar  efficacy  to  that  of  the  more
otent  triptans.  Their  advantages  reside  in  the  longer  dura-
ion  of  their  effect  (resulting  in  a  pharmacoeconomical
dvantage,  with  fewer  doses  being  needed),  their  better
olerability,  and  especially  the  lack  of  cardiovascular  sec-
ndary  effects.  The  main  disadvantage  of  these  drugs  when
ompared  against  some  triptans  is  their  ability  to  cross  the
BB,  causing  central  nervous  system  adverse  reactions  (som-
olence).

hat monoclonal antibodies have been tested
n clinical trials of migraine? What is the
fficacy and safety of these drugs?

our  monoclonal  antibodies  are  currently  in  the  clini-
al  development  phase:  erenumab,  fremanezumab,  gal-
anezumab,  and  eptinezumab.  Table  1  lists  the  most
e  published  soon.
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Table  1  Characteristics  of  monoclonal  antibodies  for  migraine.

Eptinezumab  Erenumab  Fremanezumab  Galcanezumab
(ALD403)  (AMG334)  (TEV-48125;  LBR-101)  (LY2951742)

Target  CGRP  CGRP  receptor  CGRP  CGRP
Molecule Humanised  Ab  Human  Ab  Humanised  Ab  Humanised  Ab

IgG1 IgG2  IgG2  IgG4
Half-life 32  days  28  days  30  days  27  days
Administration  Quarterly  Monthly  Monthly/quarterly  Monthly
Route of  administration  Intravenous  Subcutaneous  Subcutaneous  Subcutaneous
Anti-drug antibodies  14%  6.3%  (70  mg)  2%a 12.5%a

2.6%  (140  mg)
Most frequent  adverse  reactions •  Dizziness •  Pain  at  IS •  Pain  at  IS •  Pain  at  IS

• Respiratory  infection •  Constipation •  Erythema •  Pruritis
• Urinary  tract  infection  •  Pruritis  •  Pruritis  •  Vertigo
• Fatigue  •  Spasms  •  Constipation
• Nausea
• Sinusitis

Interaction  with  liver  enzymes  None
Drugs  do  not  cross  barrier  (large  size  >  150  kDa)

Blood-brain  barrier  No  central  effects
Placenta  All  drugs  cross  placenta
Specificity  High
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Ab: antibody; CGRP: calcitonin gene—related peptide; Ig: immuno
a At 1 year.

fficacy  in  episodic  migraine

hase  3  trials  of  the  different  monoclonal  antibodies  fol-
ow  a  similar  design:  multicentre  double-blind  randomised
ontrolled  trials  with  3  arms,  with  different  dosages  of  the
rug  in  2  of  these.  The  main  outcome  variable  is  the  number
f  migraine  days  per  month,  with  patients  being  consid-
red  responders  if  this  number  decreases  by  at  least  50%
fter  12  weeks  of  treatment.  The  mean  number  of  migraine
ays/month  at  baseline  ranged  between  8.3  and  9.1  in  the
ifferent  trials.  All  monoclonal  antibodies  were  found  to
e  more  efficacious  than  placebo  for  migraine  prevention.
he  results  of  the  completed  phase  3  trials  are  summarised
elow.

renumab

TRIVE  trial  (NCT02456740).  The  study  included  955
atients,  assigned  to  24  weeks’  treatment  in  3  arms:
0  mg/month  erenumab  (n  =  317),  140  mg/month  erenumab
n  =  319),  or  placebo  (n  =  319).  Both  dosages  of  erenumab
ere  superior  to  placebo  in  reducing  the  number  of  migraine
ays  and  in  the  following  secondary  outcome  measures:
umber  of  days  with  use  of  acute  medication  for  migraine,
isability  scales,  and  daily  living  activity  scales.30 The  trial
id  not  exclude  patients  with  oral  preventive  treatments  in
onotherapy  at  a  stable  dosage.
ARISE  trial  (NCT02483585).  The  trial  included  577

atients,  who  received  70  mg/month  erenumab  (n  =  282)  or

lacebo  (n  =  288)  for  12  weeks.  Erenumab  performed  better
han  placebo  in  reducing  migraine  days  per  month  and  in
econdary  outcome  variables  (the  same  as  those  used  in  the
TRIVE  trial).31

e
s
o
a

39
ulin; IS: injection site; kDa: kilodalton.

remanezumab

CT02629861  trial.  The  trial  included  875  patients  assigned
o  3  arms:  225  mg  fremanezumab  monthly  (n  =  290),  675  mg
remanezumab  quarterly  (n  =  291),  or  placebo  (n  =  294).
remanezumab  performed  significantly  better  than  placebo
n  reducing  the  number  of  migraine  days  per  month  and  the
umber  of  days  with  use  of  acute  medication  for  migraine,
s  well  as  improving  scores  on  the  Migraine  Disability  Assess-
ent  (MIDAS).32 The  trial  did  not  exclude  patients  taking  oral
reventive  treatments  in  monotherapy  at  a  stable  dosage.

alcanezumab

VOLVE1  (NCT02614183)  and  EVOLVE2  trials  (NCT02614196).
hese  trials  included  858  and  915  patients,  respectively,
ho  were  assigned  to  6  months’  treatment  in  3  arms:  gal-
anezumab  120  mg,  galcanezumab  240  mg,  or  placebo.  Both
osages  were  superior  to  placebo  in  the  primary  outcome
ariable  and  in  quality  of  life  scales.33,34

ptinezumab

ROMISE1  trial  (NCT02974153).  The  trial  included  888
atients  assigned  to  4  arms:  300  mg,  100  mg,  or  30  mg

ptinezumab;  or  placebo.  All  3  doses  of  the  drug  performed
ignificantly  better  than  placebo  in  reducing  the  number
f  migraine  days  per  month  and  in  the  number  of  patients
chieving  a  ≥  50%  reduction  in  the  frequency  of  attacks.35
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Table  2  Clinical  trials  of  monoclonal  antibodies  for  migraine.

N Phase IC Dose Duration Mean
MD

Efficacy (mAb vs placebo) Adverse
reactions

Reduction MD Responders Reduction
MH

50% 75% 100%

Eptinezumab65,66 (ALD403)
NCT01772524 163 Phase 2 EM IV: 1000 mg,

placebo
12
weeks

8.6 —5.6 vs
—4.6*

61% vs
33%

33% vs
9%

16% vs
0%

—54.6
vs
—37.1

57% vs
52%

NCT02275117 588 Phase
2b

CM IV: 10, 30,
100, 300 mg,
placebo

12
weeks

16.3 NA NA 27% vs
21%

NA NA NA

28% vs 21%
31% vs 21%*
33% vs 21%*

NCT02559895 888 Phase 3
(PROMISE-
1)a

EM IV Q: 30, 100,
300 mg,
placebo

6
months

8.5 —4 vs
—3.2

50.2% vs
37.4%

24.7% vs
16.2%

NA —33.6 52.1%

—3.9 vs —3.2* 49.8% vs 37.4% 22.2% vs 16.2% 18.6% vs 14.4% —36.7 59.2%
—4.3 vs —3.2* 56.3% vs 37.4% 29.7% vs 16.2% 23.4% vs 12.2% —42.8 53.1%

—26.9 55.9%

NCT02974153 1072 Phase 3
(PROMISE-
2)b

CM IV Q: 100,
300 mg,
placebo

6
months

16.1 —7.7 vs
—5.6*

58% vs
39%

27% vs
15%*

11% vs
5%*

NA 38%

—8.2 vs —5.6* 61% vs 39% 33% vs 15%* 15% vs 5%* 44.3%
39.3%

Fremanezumab32,37,67—69 (TEV 48125)
NCT0202556 297 Phase

2b
EM SC M: 225,

675 mg,
placebo

12
weeks

11.4 —6.27
vs
—3.46*

53% vs
28%

34% vs
11%

NA —34.91
vs
—9.44

46% vs
56%

—6.09 vs —3.46* 59% vs 28% 31% vs 11% —34.54 vs —9.10 59% vs 56%
NCT02011773 264 Phase

2b
CM SC M:

675 + 225 mg
12
weeks

—6.04
vs —4.2*

53% vs
31%

29% vs
16%

NA —59.84
vs
—37.10

53% vs 40%

SC M: 900 mg,
placebo

16.8 —6.16
vs —4.2*

55% vs 31% 32% vs 16% —67.51 vs —37.10 47% vs 40%

NCT02629861 875 Phase 3
(HALO)

EM SC M: 225 mg 12
weeks

9.1 —3.7 vs
—2.2*

47.7% vs
27.9%

66.2% vs 58.4%

SC Q:
675 mg + placebo

—3.4 vs —2.2* 44.4% vs 27.9% NA NA NA 66.3% vs 58.4%

NCT02621931 1130 Phase 3
(HALO)

CM SC M: 225 mg
× 3

12
weeks

—4.6 vs
—2.5*

38% vs
18.1%

71% vs 64%

SC Q: 675 mg,
placebo

16.2 —4.3 vs
—2.5*

41% vs 18.1% NA NA NA 70% vs 64%

Galcanezumab33,34,36,70—72 (LY2951742)
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Table  2  (Continued)

N Phase IC Dose Duration Mean MD Efficacy (mAb vs placebo) Adverse
reactions

Reduction MD Responders Reduction
MH

50% 75% 100%

NCT01625988 218 Phase 2 EM SC every 2
weeks: 150 mg,
placebo

12
weeks

6.85 —4.2 vs
—3.0*

70% vs
45%

49% vs
27%

32% vs
17%

NA 72% vs
67%

NCT02163993 410 Phase 2b EM SC M: 5, 50,
120, 300 mg,
placebo

12
weeks

6.65 —3.8 vs
—3.7

NA NA NA NA 60.3% vs
51.1%

—4  vs —3.7 NA NA 45.6% vs 51.1%
—4.8  vs —3.7* NA NA 51.4% vs 51.1%
—4.2  vs —3.7* 75.8% vs 61.9% 35.5% vs 23% 47.8% vs 51.1%

NCT02614183 858 Phase 3
(EVOLVE-
1)

EM SC M: 120,
240 mg,
placebo

6
months

9.1 —4.7 vs
2.8*

62.3% vs
38.6%

38.8% vs
19.3%

15.6% vs
6.2%

NA 65.5% vs
60.4%

—4.6  vs 2.8* 60.9% vs 38.6% 38.5% vs 19.3% 14.6% vs 6.2% 67.7% vs 60.4%
NCT02614196 915 Phase 3

(EVOLVE-
2)

EM SC M: 120,
240 mg,
placebo

6
months

9.1 —4.3 vs
—2.3*

59.3% vs
36.0%

33.5% vs
17.8%

11.5% vs
5.7%

NA NA

—4.2  vs —2.3* 56.5% vs 36% 34.3% vs 17.8% 13.8% vs 5.7%
NCT02614261 1113 Phase 3

(REGAIN)
CM SC M: 120,

240 mg,
placebo

3
months

19.4 —4.8 vs
—2.7*

27.5% vs
15.4%

8.8% vs
4.5%

1.3% vs
0.5%

36.2 vs
13.4

58% vs
50%

—4.6  vs —2.7* 31.5 vs 13.4 57% vs 50%

Erenumab30,31,38,39,73,74 (AMG334)
NCT01952574 483 Phase 2 EM SC M: 7, 21,

70 mg, placebo
12
weeks

8.7 —2.2 vs
—2.3

29% vs
30%

NA NA —19.3 vs
—22.8

50% vs
54%

EM  —2.4 vs —2.3 34% vs 30% —17.8 vs —22.8 51% vs 54%
—3.4 vs 2.3* 46% vs 30% —34.1 vs —22.8 54% vs 54%

NCT02066415 667 Phase 2 CM SC M: 70,
140 mg,
placebo

12
weeks

17.9 —6.6 vs
—4.2*

40% vs
23%

NA NA —64.8 vs
—55.2

44% vs
39%

CM  —6.6 vs —4.2* 41% vs 23% —74.5 vs —55.2 47% vs 39%
NCT02483585 577 Phase 3

(ARISE)
EM SC M: 70 mg,

placebo
12
weeks

8.3 —2.9 vs
—1.8*

39.7% vs
29.5%

NA NA NA 48.1% vs
54.7%

NCT02456740 955 Phase 3
(STRIVE)

EM SC M: 70,
140 mg,
placebo

6
months

8.3 —3.2 vs
—1.8*

43.3% vs
27%

NA NA NA 57.3% vs
63%

EM  —3.7 vs —1.8 50% vs 27% 55.5% vs 63%
(P  < 0.001)

NCT03096834 246 Phase 3b
(LIB-
ERTY)

EM SC M: 140 mg,
placebo

12
weeks

9.3 —1.8 vs
—10.2*

30.3% vs
13.7%*

12% vs
4%

6% vs 0% NA 55% vs
54%

EMc

CGRP: calcitonin gene—related peptide; CM: chronic migraine; EM: episodic migraine; IC: inclusion criteria; IV: intravenous; M: monthly; mAb: monoclonal antibody; MD: migraine days
per month; MH: migraine hours per month; N: sample size; NA: not available; Q: quarterly; SC: subcutaneous.

a Results presented at the 2017 International Headache Congress and the 2018 annual meeting of the American Academy of Neurology.
b Results announced in the American Academy of Neurology’s 2018 Emerging Science Abstracts.
c Patients with failure of 2 to 4 preventive treatments (2 drugs: 38.6%; 3 drugs: 37.8%; 4 drugs: 22.8%).
* Statistically significant difference.
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fficacy  in  episodic  migraine

urrently,  results  from  phase  3  trials  are  only  available  for
remanezumab  and  galcanezumab.  Data  from  the  PROMISE2
rial  (NCT02559895)  on  eptinezumab  have  not  been  pub-
ished.  Phase  2  trials  have  demonstrated  the  efficacy  of
renumab,  and  open-label  follow-up  studies  of  the  drug
re  underway;  no  phase  3  trials  have  been  conducted  with
atients  with  CM.

REGAIN  trial  (NCT02614261).  This  trial  of  galcanezumab
emonstrated  a  mean  reduction  of  4.3  migraine  days  per
onth  in  patients  receiving  120  mg  of  the  drug  (n  =  226)

nd  4.6  days  in  those  receiving  240  mg  (n  =  220),  compared
o  placebo.36

NCT02621931  trial.  The  study  included  1130  patients,
ssigned  to  16  weeks’  treatment  in  3  arms:  675  mg  fre-
anezumab  (n  =  376),  225  mg  fremanezumab  (n  =  379),  or
lacebo  (n  =  375).  Fremanezumab  achieved  a  greater  reduc-
ion  in  the  number  of  headache  days  per  month,  and  a  better
esponse  in  the  secondary  outcome  variables  (migraine  days
er  month  and  Headache  Impact  Test  [HIT-6]  score).37 The
rial  did  not  exclude  patients  taking  oral  preventive  treat-
ents  in  monotherapy  at  a  stable  dosage.

fficacy  in  refractory  migraine

ifferent  trials  have  evaluated  treatment  with  fre-
anezumab  (FOCUS  trial),  erenumab  (LIBERTY  trial),  and

alcanezumab  (CONQUER  trial)  in  patients  presenting  lack
f  response  to  2-4  classes  of  treatment.  So  far,  results
ave  been  published  for  erenumab  in  patients  with  EM
LIBERTY  trial;  NCT03096834):  erenumab  140  mg  (n  =  121)
chieved  a  50%  reduction  in  migraine  days  per  month  in
0%  of  patients,  as  compared  to  14%  in  the  placebo  group
n  = 125).38 Results  are  also  available  from  a  sub-analysis  of
renumab  in  patients  with  CM  and  previous  failure  of  one  or

 treatments.39

afety  data

nlike  gepants,  monoclonal  antibodies  are  not  metabolised
n  the  liver;  furthermore,  as  they  do  not  cross  the  BBB,
o  adverse  reactions  are  expected  at  the  level  of  the  cen-
ral  nervous  system,  with  the  exception  of  such  structures
s  the  pituitary  gland,  which  are  not  protected  by  the
BB.  However,  it  has  been  suggested  that  prolonged  antag-
nism  of  CGRP  may  represent  a  risk  in  the  different  organs
nd  systems  in  which  the  neuropeptide  plays  a  key  role
n  animal  studies:  the  skin  (scarring),  gastrointestinal  sys-
em  (mucosal  protection,  motility),  cardiovascular  system
protection  against  cardiac  and  brain  ischaemia  and  hyper-
ension),  bone  metabolism,  and  glomerular  filtration.

To  date,  very  similar  rates  of  adverse  events  have  been
eported  in  the  active  and  placebo  groups,  and  no  severe
dverse  events  have  been  detected;  however,  the  duration
f  the  trials  is  relatively  short  for  a  chronic  condition  such  as
igraine.  Noteworthy  reactions  include  pain  at  the  injection
ite  for  all  drugs,  with  little  or  no  difference  with  respect  to
lacebo,  induration  or  erythema  with  fremanezumab,  and
ruritis  or  local  reactions  with  galcanezumab.  No  signifi-
ant  differences  are  reported  with  respect  to  placebo  in

3
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21)  390—402

he  frequency  of  respiratory  or  urinary  infection,  fatigue,  or
ausea,  and  no  vascular  events  have  been  recorded.  Drop-
ut  rates  were  low  in  all  trials,  and  drop-outs  due  to  adverse
vents  were  very  infrequent  (always  <  4%),  unlike  the  fig-
res  recorded  for  oral  preventive  treatments.40 However,  as
dverse  events  cannot  be  ruled  out  in  the  long  term,  there
s  a  need  for  registries  to  gather  additional  safety  data.

hat are the benefits of  monoclonal
ntibodies  over current treatments for
pisodic and chronic migraine?

ompared  to  the  other  options  currently  available  for
igraine  prevention,  monoclonal  antibodies  represent  a  sig-

ificant  advance,  as  all  the  therapeutic  tools  used  previously
eg,  antihypertensives,  antidepressants,  neuromodulators)
ere  originally  developed  in  other  branches  of  medicine.
he  clinical  development  of  the  new  monoclonal  antibodies
as  similar  to  that  of  antibodies  used  to  treat  other  dis-
ases,  and  current  evidence  indicates  potential  benefits  for
oth  EM  and  CM.

All  patients  with  CM  and  up  to  40%  of  those  with  EM  are
stimated  to  be  eligible  for  preventive  treatment  to  reduce
he  impact  of  the  disease  and  the  resulting  disability;  how-
ver,  only  a  very  small  percentage  ultimately  receive  the
rugs.41 The  currently  available  treatments  present  several
ssues  in  terms  of  efficacy,  tolerability,  treatment  adher-
nce,  and  drug  interactions.  Treatment  is  suspended  in
pproximately  one  in  5  patients  due  to  adverse  events,42

ith  only  one  in  5  showing  proper  treatment  adherence  at
ne  year.43 In  the  United  States,  periodic  OnabotA  infiltra-
ion  is  currently  the  only  treatment  specifically  approved  for
M,  the  most  disabling  form  of  the  disease.44

In  the  light  of  the  above,  the  new  monoclonal  antibodies
resent  the  following  differences  with  respect  to  classical
reatments:

 Route  and  schedule  of  administration:  with  the  excep-
tion  of  OnabotA  and  anaesthetic  nerve  block,  most  of
the  available  preventive  treatments  are  administered
orally  on  a  daily  basis.  However,  monoclonal  antibodies
are  administered  subcutaneously  (in  the  deltoid,  thigh,
or  abdomen)  on  a  monthly  or  quarterly  basis,  with  the
exception  of  eptinezumab,  which  is  administered  intra-
venously  every  3  months.  An  important  difference  is
that  this  type  of  molecule  will  probably  be  dispensed
at  hospital  pharmacies,  like  other  monoclonal  antibod-
ies;  therefore,  healthcare  centres  will  have  to  implement
internal  administrative  procedures  for  the  administration
of  these  drugs.  As  a  result,  we  may  expect  that,  at  least
initially,  these  treatments  will  be  reserved  for  refractory
cases  and  may  be  subject  to  some  kind  of  specific  evalu-
ation  at  specialised  headache  clinics.

 Action  mechanism:  while  other  migraine  treatments  (eg,
triptans,  gepants,  methysergide,  and  even  OnabotA)  act
on  the  CGRP  pathway,  no  previous  treatment  has  so  selec-

tively  blocked  this  molecule.

 Adherence:  one  of  the  main  problems  frequently  reducing
the  efficacy  of  the  current  treatments  is  poor  adherence
on  the  part  of  patients  and  incorrect  compliance  with
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S.  Santos-Lasaosa,  R.  B

treatment  schedules  issued  by  clinicians.  We  may  expect
to  see  greater  adherence  to  these  new  treatments  as  they
will  be  administered  at  the  hospital  itself  or  with  autoin-
jectors  that  require  strict  patient  education.

 Efficacy  and  safety:  this  point  is  addressed  in  detail  else-
where  in  the  article.  It  is  too  early  to  determine  what
aspects  of  efficacy  may  show  improvements  over  clas-
sical  treatments,  given  the  current  lack  of  comparative
studies.45 It  should  be  noted  that,  unlike  with  oral  pre-
ventive  treatments,  response  to  these  treatments  occurs
early,  in  the  first  days  after  treatment  onset.  In  terms  of
safety,  the  data  available  from  different  clinical  trials  are
very  promising,  both  due  to  the  absence  of  severe  adverse
events  and  because  of  the  low  rates  of  adverse  events
in  general;  we  may  expect  this  safety  profile  to  improve
treatment  adherence.  Adverse  reactions  are  a  frequent
problem  with  the  current  treatments.

 Interactions  and  contraindications:  to  date,  no  rele-
vant  interactions  with  monoclonal  antibodies  have  been
reported.  This  represents  a  significant  advantage:  given
the  comorbidities  and  medication  overuse  associated  with
migraine,  oral  preventive  treatments  can  present  interac-
tions  with  one  another  or  with  other  groups  of  drugs.46 To
date,  no  contraindications  have  been  defined;  these  drugs
should  be  avoided  during  pregnancy.

 Simplicity  of  treatment  schedule:  in  the  published  trials,
the  treatment  was  administered  in  monotherapy,  with
clear  evidence  of  efficacy.  Given  that  the  great  major-
ity  of  patients,  and  especially  those  with  more  refractory
migraine,  receive  complex  treatments,  it  is  highly  likely
that  treatment  schedules  will  be  simplified  in  many  cases.
Furthermore,  no  dose  titration  is  needed  for  monoclonal
antibodies.  It  remains  to  be  determined  how  monoclonal
antibodies  will  be  used  for  adjunctive  therapy  or  in  poly-
therapy  schedules,  and  what  drug  combinations  may  be
the  most  rational.

hat are the characteristics of patients who
espond to anti-CGRP monoclonal antibodies?

t  is  difficult  to  characterise  the  profile  of  patients  who
espond  to  monoclonal  antibodies  targeting  the  CGRP  recep-
or  or  ligand.  The  clinical  trials  conducted  to  date  have
ound  these  drugs  to  be  efficacious  in  diverse  contexts:
igraine  with  and  without  aura,  episodic  and  chronic
igraine,  migraine  responsive  and  refractory  (and  even

aïve)  to  previous  preventive  treatments,  migraine  with
nd  without  symptomatic  medication  overuse,  and  migraine
ith  and  without  associated  comorbidities.  As  a  result  of

hese  data,  the  United  States  Food  and  Drug  Administration
as  already  approved  erenumab,  fremanezumab,  and  gal-
anezumab  for  the  preventive  treatment  of  migraine,  with
o  restriction  or  limitation.  In  theory,  any  patient  present-
ng  4 or  more  migraine  attacks  per  month  would  be  eligible
o  receive  these  treatments.

Despite  this,  and  in  the  light  of  the  available  data,  we

ust  acknowledge  that  not  all  patients  benefit  equally.  Evi-
ence  from  the  published  trials  indicates  the  existence  of

 group  of  ‘‘hyper-responders,’’  a  group  presenting  a  mod-
rate  response,  and  another  group  of  patients  with  little  or
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o  response.47 The  problem  is  that  no  predictive  factors  of
reatment  response  have  yet  been  identified,  and  we  may
nly  hypothesise  about  which  patients  may  respond  best  to
he  treatment.

Given  the  characteristics  of  monoclonal  antibodies,  it
eems  reasonable  that  the  main  candidates  for  this  treat-
ent,  in  whom  we  would  expect  to  achieve  the  greatest
enefits,  would  be  patients  with  high  frequency  and  inten-
ity  of  migraine  attacks,  presenting  recurrent,  sustained
elease  of  CGRP.  Scheduled  determination  of  plasma  CGRP
evels  during  and  between  migraine  attacks  supports  this
ypothesis.20 To  corroborate  this  assertion,  it  would  be
ighly  beneficial  to  demonstrate  that  patients  with  migraine
resenting  high  plasma  CGRP  levels  respond  better  to  mon-
clonal  antibodies  and  that  levels  of  the  peptide  decrease
fter  administration  of  the  antibodies  in  patients  with  a
etter  response.  It  remains  to  be  determined  whether  this
ypothesis  can  be  evaluated  for  erenumab  (the  only  mon-
clonal  antibody  targeting  the  CGRP  receptor,  rather  than
he  ligand),  as  plasma  CGRP  determination  may  not  be  as
aluable  for  this  drug  as  for  other  monoclonal  antibodies.  In
heory,  patients  with  greater  CGRP  pathway  activity  should
espond  the  best  to  monoclonal  antibodies.  On  the  contrary,
atients  in  whom  other  pathways  play  a  greater  role  (eg,  VIP,
ACAP  38,  or  other  inflammatory  neuropeptides  related  to
igraine  attacks  and  their  perpetuation  or  migraine  trans-

ormation)  should  present  a  clearly  inferior  response.

hen is migraine considered to be
reatment-resistant?

efractory  migraine  inherently  involves  greater  disability
nd  a  greater  impact  on  quality  of  life.  Although  its  preva-
ence  in  the  general  population  is  unknown,  refractory
igraine  accounted  for  5.1%  of  all  patients  attended  at  a

pecialised  headache  clinic  in  the  study  by  Irimia  et  al.48

o  consensus  diagnostic  criteria  have  been  established49—56

nd,  despite  recommendations  by  expert  groups,  it  is  not
ncluded  in  the  third  edition  of  the  International  Classifica-
ion  of  Headache  Disorders.57

In  clinical  practice,  the  term  is  used  to  describe  patients
ith  migraine  associated  with  significant  disability  and

mpact  on  quality  of  life  and  lack  of  response  to  several
reventive  treatments  administered  either  in  monotherapy
r  in  combination  therapy.

In  2008,  the  Refractory  Headache  Special  Interest  Sec-
ion  of  the  American  Headache  Society  proposed  a  series  of
iagnostic  criteria  for  refractory  migraine,  which  are  valid
oth  for  episodic  and  for  chronic  forms.50 Headache  must
ause  interference  with  quality  of  life  despite  modification
r  optimisation  of  the  3  basic  pillars  of  therapeutic  mana-
ement  of  migraine:  triggers  and  lifestyle  factors,  acute
ymptomatic  treatment,  and  preventive  treatment.  At  least

 of  4  treatment  groups  (beta-blockers,  anticonvulsants,  cal-
ium  channel  blockers,  and  tricyclic  antidepressants),  either
n  monotherapy  or  in  combination,  must  have  resulted  in

reatment  failure.  Non-responsiveness  is  defined  as  lack  of
esponse  to  treatment  of  at  least  2  months’  duration  at
he  optimal  dose  (in  a subsequent  survey  of  members  of
he  American  Headache  Society,  approximately  40%  consid-
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red  it  appropriate  to  increase  the  number  of  preventive
reatments  to  3  or  even  4  drugs).54

The  authors  also  require  failure  of  at  least  2  possi-
le  strategies  in  the  symptomatic  treatment  of  attacks:
)  both  a  triptan  and  dihydroergotamine  in  an  intranasal
r  injectable  formulation;  or  2)  either  a  non-steroidal
nti-inflammatory  drug  or  combination  analgesic  therapy.
urthermore,  assessing  secondary  disability  (MIDAS  score  ≥
1)  as  an  operational  criterion  introduces  a  new  concept,  the
mpact  of  migraine  on  quality  of  life.  Finally,  these  criteria
ermitted  the  possible  co-presence  of  medication  overuse.

In  2014,  the  European  Headache  Federation  published
ts  diagnostic  criteria  for  refractory  migraine,  which  only
pply  to  CM.56 Diagnosis  is  based  on  the  failure  of  at  least

 groups  of  treatments  (including  OnabotA),  which  must
e  administered  for  at  least  3  months.  The  criteria  also
stablish  the  need  to  rule  out  medication  overuse  headache
hrough  withdrawal  of  the  drug,  either  through  pharmaco-
ogical  (oral/intravenous)  or  patient  education  measures.

In  our  opinion,  it  is  difficult  to  opt  for  one  definition  over
he  other.  The  American  criteria  have  the  advantage  that
hey  consider  disability  and  the  response  to  symptomatic
reatment  (although  intranasal  dihydroergotamine  is  not
vailable  in  Europe)  and  do  not  require  withdrawal  of  any
verused  medication.50 Furthermore,  they  are  applicable  to
M;  the  boundary  between  chronic  and  episodic  migraine
s  frequently  permeable,  as  has  been  demonstrated  in  epi-
emiology  studies.58 The  European  definition  more  clearly
stablishes  the  procedure  for  ruling  out  secondary  headache
nd  accounts  for  preventive  treatment  with  OnabotA.56

Based  on  critical  analysis  of  both  definitions,  we  suggest
he  possibility  of  OnabotA  treatment  of  EM,  in  line  with
he  GECSEN  guidelines,  if  preventive  treatments  fail  or  are
oorly  tolerated.59,60 Furthermore,  it  would  be  reasonable
o  include  anaesthetic  block  of  the  greater  occipital  nerve
s  a  possible  therapeutic  option  in  definitions  of  refrac-
ory  EM  and  refractory  CM  (level  of  evidence  IV  and  IIIb,
espectively).61 It  also  seems  inappropriate  that  the  drugs
ith  the  greatest  level  of  evidence  in  CM  (topiramate  and
nabotA)  should  be  given  the  same  weight  as  those  con-
idered  second-line  treatments  in  the  management  of  the
ondition.56

n terms of pharmacoeconomics, what do
nti-CGRP monoclonal antibodies contribute
o the treatment of migraine?

t  the  time  of  writing,  no  data  are  available  on  the  pric-
ng  and  reimbursement  of  monoclonal  antibodies  in  Spain;
he  commercialisation  of  these  drugs  represents  a  consid-
rable  advance  in  the  preventive  treatment  of  migraine.62

nce  the  efficacy  and  safety  of  these  treatments  are  demon-
trated,  clinicians  must  be  provided  with  complementary
nformation  on  their  pharmacoeconomics.  This  considera-
ion  is  highly  important  given  the  significant  prevalence  of
igraine,  the  limited  economic  resources  of  the  healthcare
ystem,  and  the  current  commercial  availability  of  other
fficacious  treatments.  This  type  of  study  enables  us  to
stablish  which  treatment  is  the  most  cost-effective.  Eco-
omic  evaluation  of  preventive  drugs  for  migraine  must  take
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nto  account  their  impact  on  direct  costs  (medical  consul-
ations,  emergency  department  visits,  cost  of  the  drug),
ndirect  costs  (loss  of  productivity),  and  the  patient’s  quality
f  life.

Currently,  very  little  information  is  available  on  the  phar-
acoeconomics  of  monoclonal  antibodies,  and  no  studies

ave  compared  their  efficacy  and  costs  against  those  of  oral
reventive  treatments  or  OnabotA.  Recent  publications  have
hown  that  erenumab  reduces  the  direct  and  indirect  costs
ssociated  with  migraine  in  patients  with  EM  and  CM  (who
ad  previously  used  at  least  one  preventive  treatment),  and
ncreases  the  number  of  quality-adjusted  life  years,  in  com-
arison  to  no  preventive  treatment.63 Cost  calculations  are
ased  on  the  American  healthcare  system,  and  it  is  impor-
ant  to  stress  that  the  actual  results  could  be  even  better
han  those  reported,  as  the  study  was  performed  before
renumab  was  commercialised,  resulting  in  cost  estimates
igher  than  the  drug’s  final  market  price.63

The  American  Institute  for  Clinical  and  Economic  Review,
n  independent,  non-profit  research  body,  recently  pub-
ished  its  final  evidence  report  on  the  effectiveness  of
onoclonal  antibodies  for  migraine  and  whether  their  price
as  commensurate  with  their  clinical  benefits  (long-term
ost-effectiveness).64 The  long-term  value  of  erenumab
the  only  antibody  for  which  a  public  price  was  available)
as  considered  to  be  intermediate  in  adults  with  CM  and

ntermediate-low  for  EM.
This  subject  will  probably  be  addressed  in  new  pub-

ications  in  the  coming  months,  as  research  on  the
harmacoeconomics  of  new  medications  is  a  prerequisite  for
ricing  and  reimbursement  negotiations  in  different  Euro-
ean  countries.  Furthermore,  the  British  National  Institute
or  Health  and  Care  Excellence  guidelines  are  expected  to  be
ublished  in  late  2018;  the  document  will  analyse  the  clin-
cal  effectiveness  and  cost-effectiveness  of  different  CGRP
onoclonal  antibodies,  as  part  of  the  United  Kingdom’s  pro-

edure  for  the  commercialisation  of  the  drugs.
Monoclonal  antibodies  are  safe,  effective,  and  well

olerated.65 It  is  reasonable  to  expect  that  the  reduction  in
he  number  of  migraine  days  and  in  disability  will  be  asso-
iated  with  a  decrease  in  the  direct  and  indirect  costs  of
he  condition  and  an  improvement  in  patients’  quality  of
ife.  The  limited  available  evidence  supports  this  hypothe-
is.  However,  there  is  a  need  for  further  pharmacoeconomic
tudies  to  provide  additional  information  on  the  poten-
ial  benefits  of  these  treatments  and  to  help  clinicians  to
ake  rational  decisions  in  choosing  between  the  current

reatment  alternatives;  this  will  result  in  better  use  of  the
vailable  resources  and  an  increase  in  care  quality.

unding

his study has received no funding of any kind.

onflicts of interest
he  authors  have  no  conflicts  of  interest  to  declare.
Dr  Belvís  has  received  honoraria  from  Allergan,  Chiesi,

ovartis,  Teva,  Juste,  and  Eli  Lilly.

9



elvís

A

K

E

g

C

L

A
M

N

c
a

N

C

A

C

A

N

R

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

S.  Santos-Lasaosa,  R.  B

Dr  Guerrero  Peral  has  received  honoraria  from  Allergan,
lder,  Amgen,  Chiesi,  Eli  Lilly,  Novartis,  and  Teva.

Dr  Díaz  Insa  has  received  honoraria  from  Allergan,  Alter,
ern  Pharma,  Lundbeck,  Novartis,  and  Teva.

Dr  Gago  Veiga  has  received  honoraria  from  Allergan,
isai,  Novartis,  Teva,  and  UCB  Pharma.

Dr  Cuadrado  has  received  honoraria  from  Almirall,  Aller-
an,  Juste,  and  Novartis.

Dr  Huerta  has  received  honoraria  from  Almirall,  Allergan,
hiesi,  Eisei,  Kern  Pharma,  MSD,  Eli  Lilly,  Teva,  and  Zambón.

Dr  Irimia  has  received  honoraria  from  Alder,  Allergan,  Eli
illy,  and  Novartis.

Dr Láinez  has  received  honoraria  from  Allergan,  Amgen,
TI,  Bial,  Boehringher,  Chiesi,  Eisai,  ElectroCore,  Eli  Lilly,
edtronic,  Novartis,  Otsuka,  Roche,  Teva,  and  UCB.

Dr  Latorre  has  received  honoraria  from  Allergan,  Chiesi,
ovartis,  and  Teva.

Dr  Leira  has  received  fees  for  clinical  trials,  lectures,  and
onsulting  from  Allergan,  Amgen,  Chiesi,  Eli  Lilly,  Novartis,
nd  Teva.

Dr  Pascual  has  received  honoraria  from  Almirall,  Amgen,
ovartis,  Stendhal,  and  Teva.

Dr  Porta-Etessam  has  received  honoraria  from  Allergan,
hiesi,  Eisai,  Exeltis,  Grunenthal,  Novartis,  and  Teva.

Dr  Pozo-Rosich  has  received  honoraria  from  Allergan,
lmirall,  Amgen,  Chiesi,  Eli  Lilly,  Novartis,  and  Teva.

Dr  Sánchez  del  Río  has  received  honoraria  from  Allergan,
hiesi,  Eli  Lilly,  Novartis,  and  Teva.

Dr  Santos  Lasaosa  has  received  honoraria  from  Allergan,
mgen,  Chiesi,  Eisai,  Exeltis,  Novartis,  and  Teva.

Dr  Viguera  has  received  honoraria  from  Allergan  and
ovartis.

eferences

1. Edvisson L, Goadsby PJ. Neuropeptides in migraine and cluster
headache. Cephalalgia. 1994;14:320—7.

2. Riesco N, Cernuda-Morollón E, Pascual J. Neuropeptides as
a marker for chronic headache. Curr Pain Headache Rep.
2017;21:18, http://dx.doi.org/10.1007/s11916-017-0618-8.

3. Cernuda-Morollón E, Larrosa D, Ramón C, Vega J, Martínez-
Camblor P, Pascual J. Interictal increase of CGRP levels in
peripheral blood as a biomarker for chronic migraine. Neurol-
ogy. 2013;81:1191—6.

4. Cernuda-Morollón E, Martínez-Camblor P, Ramón C, Larrosa D,
Serrano-Pertierra E, Pascual J. CGRP and VIP levels as predictors
of efficacy of Onabotulinumtoxin type A in chronic migraine.
Headache. 2014;54:987—95.

5. Cernuda-Morollón E, Ramón C, Martínez-Camblor P, Serrano-
Pertierra E, Larrosa D, Pascual J. OnabotulinumtoxinA decreases
interictal CGRP levels in patients with chronic migraine. Pain.
2015;156:820—4.

6. Ho TW, Connor KM, Zhang Y, Pearlman E, Koppernhaver J,
Fan X, et al. Randomized controlled trial of the CGRP recep-
tor antagonist telcagepant for migraine prevention. Neurology.
2014;83:958—66.

7. Voss T, Lipton RB, Dodick DW, Dupre N, Ge JY, Bachman R, et al.
A phase IIb randomized, double-blind, placebo-controlled trial

of ubrogepant for the acute treatment of migraine. Cephalalgia.
2016;36:887—98.

8. Charles A. The evolution of a migraine attack: a review of recent
evidence. Headache. 2013;53:413—9.

2

40
,  M.L.  Cuadrado  et  al.

9. Schwedt TJ, Larson-Prior L, Coalson RS, Nolan T, Mar S,
Ances BM, et al. Allodynia and descending pain modulation in
migraine: a resting state functional connectivity analysis. Pain
Med. 2014;15:154—65.

0. Iyengar S, Ossipov M, Johnson K. The role of calcitonin gene-
related peptide in peripheral and central pain mechanisms
including migraine. Pain. 2017;158:543—59.

1. Pozo-Rosich P, Storer RJ, Charbit AR, Goadsby PJ. Peri-
aqueductal gray calcitonin gene-related peptide modulates
trigeminovascular neurons. Cephalalgia. 2015;35:1298—307.

2. Ashgar MS, Becerra L, Larsson HB, Borsook D, Ashina M. Calci-
tonin gene-related peptide modulates heat nociception in the
human brain-an fMRI study in healthy volunteers. PLoS One.
2016;11:e0150334.

3. Summ O, Charbit AR, Andreou AP, Goadsby PJ. Modulation of
nociceptive transmission with calcitonine gene-related pep-
tide receptor antagonists in the thalamus. Brain. 2010;133:
2540—8.

4. Marquez de Prado B, Hammond DL, Russo AF. Genetic
enhacement of calcitonin gene-related peptide-induced cen-
tra sensitization to mechanical stimuli in mice. J Pain.
2009;10:992—1000.

5. Dodick D, Loder EW, Manack Adams A, Buse DC, Fanning KM,
Reed ML, et al. Assessing barriers to chronic migraine consul-
tation, diagnosis, and treatment: results from the chronic
migraine epidemiology and outcomes (CaMEO) study. Headache.
2016;56:821—34.

6. Goadsby PJ, Edvinsson L, Ekman R. Vasoactive peptide release
in the extracerebral circulation of humans during migraine
headache. Ann Neurol. 1990;28:183—7.

7. Sarchielli P, Pini LA, Zanchin G, Franceschini M, Codini M, Gli-
oti G, et al. Clinical-biochemical correlates of migraine attacks
with rizatriptan responders and non-responders. Cephalalgia.
2006;26:257—65.

8. Rodríguez-Osorio X, Sobrino T, Brea D, Martínez F, Castillo J,
Leira R. Endothelial progenitor cells: a new key for endothelial
dysfunction in migraine. Neurology. 2012;31:474—9.

9. Hansen JM, Hauge AW,  Olesen J, Ashina M. Calcitonin gene-
related peptide triggers migraine-like attacks in patients with
migraine with aura. Cephalalgia. 2010;30:1179—86.

0. Russo AF. CGRP as a neuropeptide in migraine: lessons from
mice. Br J Pharmacol. 2015;80:403—14.

1. Domínguez C, Vieites-Prado A, Pérez-Mato M, Sobrino T,
Rodríguez-Osorio X, López A, et al. CGRP and PTX3 as predictors
of efficacy of onabotulinumtoxin type A in chronic migraine: an
observational study. Headache. 2018;58:78—87.

2. Cernuda-Morollón E, Martínez-Camblor P, Alvarez R, Larrosa D,
Ramón C, Pascual J. Increased VIP levels in peripheral blood
outside migraine attacks as a potential biomarker of cranial
parasympathetic activation in chronic migraine. Cephalalgia.
2015;35:310—6.

3. Hoffman J, Wecker S, Neeb L, Dirnagl U, Reuter U. Primary
trigeminal afferents are the main source for stimulus-induced
CGRP release into jugular vein blood and CSF. Cephalalgia.
2012;32:659—67.

4. Taylor FR. CGRP, amylin, immunology and headache medicine.
Headache. 2018, http://dx.doi.org/10.1111/head.13432.

5. Tepper SJ. History and review of anti-calcitonin gene-related
peptide (CGRP) therapies: from translational research to treat-
ment. Headache. 2018;58 suppl 3:238—75.

6. Olensen J, Diener HC, Husstedt IW, Goadsby PJ, Hall D, Meier
U, et al. Calcitonin gene-related peptide receptor antagonist
BIBN4096BS for the acute treatment of migraine. N Engl J Med.
2004;350:1104—10.

7. Petersen KA, Lassen LH, Birk S, Lesko L, Olensen J. BIBN4096BS

antagonizes human alpha-calcitonin gene related peptide-
induced headache and extracerebral artery dilatation. Clin
Pharmacol Ther. 2005;77:202—13.

0

http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0005
dx.doi.org/10.1007/s11916-017-0618-8
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0020
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0040
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0050
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0055
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0060
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0065
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0070
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0075
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0080
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0085
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0090
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0095
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0100
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0105
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0110
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0115
dx.doi.org/10.1111/head.13432
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0125
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0130
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0135


 (20

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

5

5

5

5

5

5

5

5

5

5

6

6

6

6
S, et al. Estimating the clinical effectiveness and value-based
Neurología  37

8. Connor KM, Aurora SK, Loeys T, Ashina M, Jones C, Giezek H,
et al. Long-term tolerability of telcagepant for acute treatment
of migraine in a randomized trial. Headache. 2011;51:73—84.

9. Marcus R, Goadsby PJ, Dodick D, Stock D, Manos G, Fis-
cher TZ. BMS-927711 for the acute treatment of migraine:
a double-blind, randomized, placebo controlled, dose-ranging
trial. Cephalalgia. 2014;34:114—25.

0. Goadsby PJ, Reuter U, Hallström Y, Broessner G, Bonner JH,
Zhang F, et al. A controlled trial of erenumab for episodic
migraine. N Eng J Med. 2017;377:2123—32.

1. Dodick WD, Ashina M, Brandes JL, Kudrow D, Lanteri-Minet M,
Osipova V, et al. ARISE: a Phase 3 randomized trial of erenumab
for episodic migraine. Cephalalgia. 2018;38:1026—37.

2. Dodick DW, Silberstein SD, Bigal ME, Yeung PP, Goadsby JJ,
Blankenbiller T, et al. Efect of fremanezumab compared with
placebo for prevention of episodic migraine. A randomized clin-
ical trial. JAMA. 2018;319:1999—2008.

3. Stauffer VL, Dodick DW, Zhang Q, Carter JN, Ailani J, Conley
RR. Evaluation of galcanezumab for the prevention of episodic
migraines. The EVOLVE-1 randomized clinical trial. JAMA Neu-
rol. 2018, http://dx.doi.org/10.1001/jamaneurol.2018.1212.

4. Skljarevski V, Matharu M, Millen BA, Ossipov MH, Kim BK, Yang
JY. Efficacy and safety of galcanezumab for the prevention of
episodic migraine: results of the EVOLVE-2 Phase 3 randomized
controlled clinical trial. Cephalalgia. 2018;38:1442—54.

5. Saper J, Lipton R, Kudrow D, Hirman J, Dodick D, Silberstein S,
et al. A Phase 3, randomized, double-blind, placebo-controlled
study to evaluate the efficacy and safety of eptinezumab in
frequent episodic migraine prevention: primary results of the
PROMISE 1 (PRevention Of Migraine via Intravenous eptinezumab
Safety and Efficacy 1) Trial. Cephalalgia. 2017;37(IS):337.

6. Detke HC, Goadsby PJ, Wang S, Friedman DI, Selzler KJ, Aurora
SK. Galcanezumab in chronic migraine: the randomized, dou-
ble blind, placebo-controlled REGAIN study. Neurology. 2018,
http://dx.doi.org/10.1212/WNL.0000000000006640.

7. Silberstein SD, Dodick DW, Bigal ME, Yeung PP, Goadsby
PJ, Blankenbiller T, et al. Fremanezumab for the preven-
tive treatment of chronic migraine. N Eng J Med. 2017;377:
2113—22.

8. Reuter U, Goadsby PJ, Lanteri-Minet M, Wen S, Hours-Zesiger
P, Ferrari MD, et al. Efficacy and tolerability of erenumab in
patients with episodic migraine in whom two-to-four previ-
ous preventive treatments were unsuccessful: a randomised,
double-blind, placebo-controlled phase IIIb study. Lancet. 2018,
http://dx.doi.org/10.1016/S0140-6736(18)32534-0.

9. Ashina M, Tepper S, Brandes JL, Reuter U, Boudreau
G, Dolezi D, et al. Efficacy and safety or erenumab
(AMG334) in chronic migraine patients with prior preven-
tive treatment failure: a subgroup analysis of a randomized,
double-blind, placebo-controlled study. Cephalalgia. 2018,
http://dx.doi.org/10.1177/0333102418788347.

0. Berger A, Bloudek LM, Varon SF, Oster G. Adherence
with migraine prophylaxis in clinical practice. Pain Pract.
2012;12:541—9.

1. Lipton RB, Bigal ME, Diamond M, Freitag F, Reed ML, Stewart WF,
AMPP Advisory Group. Migraine prevalence, disease burden, and
the need for preventive therapy. Neurology. 2007;68:343—9.

2. Gracia-Naya M, Santos-Lasaosa S, Ríos-Gómez C, Sánchez-
Valiente S, García-Gomara MJ, Latorre-Jiménez AM, et al.
Factores predisponentes al abandono del tratamiento pre-
ventivo en una serie de pacientes con migraña. Rev Neurol.
2011;53:201—8.

3. Hepp Z, Dodick DW, Varon SF, Gillard P, Hansen RN, Devine
EB. Adherence to oral migraine preventive medications among
patients with chronic migraine. Cephalalgia. 2015;35:478—88.
4. Negro A, Curto M, Lionetto L, Giamberardino MA, Martel-
letti P. Chronic migraine treatment: from OnabotulinumtoxinA
onwards. Expert Rev Neurother. 2016;16:1217—27.

40
21)  390—402

5. Mitsikostas DD, Reuter U. Calcitonin gene-related peptide
monoclonal antibodies for migraine prevention: comparisons
across randomized controlled studies. Curr Opin Neurol.
2017;30:272—80.

6. Wang SJ, Chen PK, Fuh JL. Comorbidities of migraine. Front
Neurol. 2010;1:16.

7. Edvinsson L, Haanes KA, Warfvinge K, Krause DN. CGRP as the
target of new migraine therapies-successful translation from
bench to clinic. Nat Rev Neurol. 2018;14:338—50.

8. Irimia P, Palma JA, Fernández-Torrón F, Martínez-Vila E.
Refractory migraine headache. BMC Neurol. 2011;11:94,
http://dx.doi.org/10.1186/1471-2377-11-94.

9. Schulman EA, Brahin EJ. Refractory headache: Historical per-
spective, nedd, and purposes for an operational definition.
Headache. 2008;48:770—7.

0. Schulman EA, Lake AE, Goadsby PJ, Peterlin BL, Siegel SE,
Markley HG, et al. Defining refractory migraine and refrac-
tory chronic migraine: proposed criteria from the Refractory
Headache Special Interest Section of the American Headache
Society. Headache. 2008;48:778—82.

1. Schulman EA, Lipton R, Peterlin BL, Levin M, Grosberg BM. Com-
mentary from the Refractory Headache Special Interest Section
on defining the pharmacologically intractable headache for clin-
ical trials and clinical practice. Headache. 2010;50:1637—9.

2. Schulman E, McGeeney BE. Current concepts in refractory
migraine. Curr Treat Options Neurol. 2013;15:40—55.

3. Schulman E. Refractory migraine: a review. Headache.
2013;53:599—613.

4. Schulman EA, Peterlin BL, Lake AE 3rd, Lipton RB, Hanlon A,
Siegel S, et al. Defining refractory migraine: results of the RHSIS
Survey of American Headache Society members. Headache.
2009;49:509—18.

5. Goadsby PJ, Schoenen J, Ferrari MD, Silberstein SD, Dodick D.
Towards a definition of intractable headache for use in clinical
practice and trials. Cephalalgia. 2006;26:1168—70.

6. Martelletti P, Katsarava Z, Lampl C, Magis D, Bendtsen L, Negro
A, et al. Refractory chronic migraine: a Consensus Statement
on clinical definition from the European Headache Federation.
J Headache Pain. 2014;15:47.

7. Headache Classification Committee of the International
Headache Society. The International Classification of Headache
Disorders, 3rd edition. Cephalalgia. 2018;38:1—211.

8. Serrano D, Lipton RB, Scher AI, Reed ML, Stewart WBF, Adams
AM, et al. Fluctuations in episodic and chronic migraine status
over the course of 1 year: implications for diagnosis, treatment
and clinical trial design. J Headache Pain. 2017;18:101.

9. Santos-Lasaosa S, Cuadrado ML, Gago-Veiga A, Guerrero-Peral
AL, Irimia P, Láinez JM, et al. Evidencia y experiencia del uso de
onabotulinumtoxinA en neuralgia del trigémino y otras cefaleas
primarias distintas de la migraña crónica. Neurología. 2017,
http://dx.doi.org/10.1016/j.nrl.2017.09.003.

0. Gago-Veiga A, Santos-Lasaosa S, Cuadrado ML, Guerrero-
Peral AL, Irimia P, Láinez JM, et al. Evidencia y
experiencia de Botox en migraña crónica: Recomenda-
ciones para la práctica clínica diaria. Neurología. 2017,
http://dx.doi.org/10.1016/j.nrl.2017.09.008.

1. Santos-Lasaosa S, Cuadrado ML, Guerrero-Peral AL, Huerta M,
Porta-Etessam J, Pozo-Rosich P, et al. Guía consenso sobre
técnicas de infiltración anestésica de nervios pericraneales.
Neurología. 2017;32:316—30.

2. Holland PR, Goadsby PJ. Targeted CGRP small molecule
antagonists for acute migraine therapy. Neurotherapeutics.
2018;15:304—12.

3. Lipton RB, Brennan A, Palmer S, Hatswell AJ, Porter JK, Sapra
price range of erenumab for the prevention of migraine in
patients with prior treatment failures: a US societal perspec-
tive. J Mede con. 2018;21:666—75.

1

http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0140
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0145
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0150
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0155
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0160
dx.doi.org/10.1001/jamaneurol.2018.1212
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0170
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0175
dx.doi.org/10.1212/WNL.0000000000006640
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0185
dx.doi.org/10.1016/S0140-6736(18)32534-0
dx.doi.org/10.1177/0333102418788347
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0200
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0205
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0210
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0215
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0220
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0225
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0230
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0235
dx.doi.org/10.1186/1471-2377-11-94
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0245
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0250
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0255
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0260
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0265
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0265
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0265
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0265
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0265
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0265
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0265
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0265
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0265
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0265
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0265
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0265
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0270
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0275
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0280
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0285
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0290
dx.doi.org/10.1016/j.nrl.2017.09.003
dx.doi.org/10.1016/j.nrl.2017.09.008
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0305
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0310
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315
http://refhub.elsevier.com/S2173-5808(21)00067-5/sbref0315


elvís

6

6

6

6

6

6

7

7

7

7

74. Tepper S, Ashina M, Reuter U, Brades JL, Doležil D, Silberstein S,
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