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Abstract

Background  and aim:  The  biosimilar  of  infliximab  (CT-P13)  has been  approved  for  the  same  indi-
cations held  by  the  infliximab  reference  product  (Remicade

®
);  however,  there  are  few  clinical

data on switching  in inflammatory  bowel  disease  (IBD).  The  aim  of  this  study  was  to  assess  the
efficacy,  safety,  bioavailability  profile  and  factors  associated  with  relapse  after  switching  to
biosimilar  infliximab  in IBD  patients  in clinical  remission.
Material  and method:  Observational  study  with  IBD  patients  treated  with  Remicade

®
for  at  least

6 months  and  in  clinical  remission  for  at  least  3  months  who  switched  to  infliximab  biosimilar.
The incidence  of  relapse,  adverse  effects  and  possible  changes  in drug  bioavailability  (trough
level and  antidrug  antibodies)  were  evaluated.
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Results:  Thirty  six  patients  were  included  (63.9%  CD)  with  a  mean  follow-up  of  8.4  months
(SD ±  3.5).  The  13.9%  had  clinical  relapse.  The  longer  clinical  remission  time  before  switching
(HR =  0.54,  95%  CI =  0.29---0.98,  p  = 0.04)  and detectable  infliximab  levels  at  the  time  of  switch-
ing (HR  = 0.03,  95%  CI  = 0.001---0.89,  p  = 0.04)  were  associated  with  a  lower  risk of  relapse.  No
differences were  found  between  infliximab  levels  at the  time  of  switching  and at weeks  8 and  16
(p =  0.94);  8.3%  of  the  patients  had  some  adverse  event,  requiring  the  suspension  of  biosimilar
in one  patient  for  severe  pneumonia.
Conclusion:  Switching  to  biosimilar  infliximab  in  a  real-life  cohort  of  IBD  patients  in  clini-
cal remission  did not  have  a  significant  impact  on  short-term  clinical  outcomes.  The  factors
associated  with  relapse  were  similar  to  those  expected  in patients  continuing  with  Remicade

®
.

© 2017  Elsevier  España, S.L.U.  All  rights  reserved.
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Evolución  tras  el  intercambio  a infliximab  biosimilar  en  pacientes  con  enfermedad

inflamatoria  intestinal  en  remisión  clínica

Resumen

Introducción  y  objetivo:  Infliximab  biosimilar  (CT-P13)  ha  sido  aprobado  para  las mismas  indi-
caciones  que  infliximab  original  (Remicade

®
); sin  embargo,  hay  pocos  datos  clínicos  sobre  el

intercambio  en  la  enfermedad  inflamatoria  intestinal  (EII).  El  objetivo  del estudio  fue  evaluar
la eficacia,  la  seguridad,  el  perfil  de biodisponibilidad  y  los factores  asociados  a  la  recidiva  tras
el intercambio  a  infliximab  biosimilar  en  pacientes  con  EII  en  remisión  clínica.
Material  y  métodos:  Estudio  observacional  con  pacientes  con  EII  tratados  con  Remicade

®

durante  al  menos  6  meses  y  en  remisión  clínica  durante  al  menos  3 meses,  a  los  que  se  realizó
el intercambio  a infliximab  biosimilar.  Se evaluó  la  incidencia  de recidiva,  los efectos  adversos
y los cambios  en  la  biodisponibilidad  del  fármaco  (niveles  y  anticuerpos).
Resultados:  Se incluyeron  36  pacientes  (63,9%  EC),  con  una  media  de seguimiento  de  8,4  meses
(±3,5). El  13,9%  presentaron  recidiva  clínica.  El mayor  tiempo  de remisión  clínica  previo  al
intercambio  (HR  = 0,54;  IC 95%  =  0,29-0,98;  p  =  0,04)  y  niveles  de infliximab  detectables  en  el
momento del  intercambio  (HR  =  0,03;  IC 95%  = 0,001-0,89;  p  = 0,04)  se  asociaron  a  menor  riesgo
de recidiva.  No hubo  diferencias  entre  niveles  de infliximab  en  el  momento  del  intercambio  y  en
las semanas  8  y  16  (p  =  0,94).  El  8,3%  presentaron  algún  efecto  adverso,  requiriendo  suspensión
del fármaco  en  un paciente  por  neumonía  grave.
Conclusión:  El intercambio  a  infliximab  biosimilar  en  una  cohorte  de  vida  real  de  pacientes  con
EII en  remisión  clínica  no parece  tener  un  impacto  significativo  en  los  resultados  clínicos  a  corto
plazo. Los  factores  asociados  con  la  recidiva  fueron  similares  a  los  esperados  en  pacientes  que
continúan con  Remicade

®
.

©  2017  Elsevier  España,  S.L.U.  Todos  los  derechos  reservados.

Introduction

Inflammatory  bowel  disease  (IBD)  and its two  main  clin-
icopathological  manifestations,  Crohn’s  disease  (CD)  and
ulcerative  colitis  (UC),  are characterised  by chronic  inflam-
mation  of  the gastrointestinal  tract  and  unpredictable
alternating  periods  of activity  and  remission.1 Tumour  necro-
sis  factor  (TNF)  plays  a  significant  role  in the  pathogenesis
of  both  diseases  and its  serum  levels  increase  in  the  event
of  activity.2 The  advent  of  tumour  necrosis  factor  block-
ing  agents  radically  altered  the prognosis  of  patients  with
IBD.  Infliximab  (Remicade

®
)  was  the first  anti-TNF  drug  to

be  approved  for  clinical  use  and  there  is  evidence  to  sup-
port  its  safety  and  efficacy  to  induce  and  maintain  remission
in  IBD  patients.3,4 Remicade

®
has  improved  the prognosis

of  these  patients  by  reducing  the progression  of  structural

damage,  the risk  of  complications  and  the need  for surgery
and  hospitalisation.5 Approximately  two-thirds  of  patients
with  CD  initially  respond  to  anti-TNF  therapy.  However,  its
efficacy  is  not maintained  over  time  and it  is  estimated
that  10---50%  of  patients  with  IBD who  initially  respond  to
Remicade

®
subsequently  require  a  change  of  treatment  or

a  dose  adjustment  due  to lack  of  response.  The  estimated
annual  risk  of  loss  of  response  is  approximately  13%  per
patient-year  of  treatment.6,7

Biological  drugs  are  much  more  expensive  than conven-
tional  medicines,  resulting  in a  considerable  financial  burden
on  public  health  systems  given  the increasing  number  of
patients  requiring  treatment.1

The  introduction  of  biosimilars  has  had  a significant
impact  on  maintaining  the  sustainability  of  the health sys-
tem  thanks  to  the financial  savings  they  entail.8---11 Extremely
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thorough  comparability  testing  has shown  the biosimilar
infliximab  to  be  highly  similar  to  the  reference  product  in
terms  of  quality,  safety  and efficacy.1

CT-P13  (Remsima
®
, Inflectra

®
) is  an infliximab  biosimilar

of  the  reference  product  Remicade
®
,  whose  application  in

the  treatment  of  rheumatic  diseases  was  evaluated  in the
PLANETAS  and  PLANETRA  pivotal  clinical  trials.12,13 These
randomised  studies  demonstrated  the equivalence  of  the
biosimilar  infliximab  with  its reference  product  in terms  of
pharmacokinetics,  efficacy  and safety profile  in  ankylosing
spondylitis  (AS)  and  rheumatoid  arthritis  (RA),  respectively.1

As  a  result,  CT-P13  was  the first  biosimilar  monoclonal  anti-
body  to  be  approved  by  the European  Medicines  Agency
(EMA).  After  demonstrating  its efficacy  and  safety  in patients
with  rheumatic  diseases,  the European  regulatory  agency
authorised  the  extrapolation  of  these  data  and  approved  its
use  in  the  treatment  of  patients  with  IBD.  In subsequent
studies,  biosimilar  infliximab  was  administered  to  patients
with  moderate-severe  CD and UC,  demonstrating  clinical
efficacy  to  induce  and  maintain  remission.14---17

The  concept  known  as  switching  refers to the supply  of  a
‘biosimilar’  drug instead  of  the original  medicinal  product.
Although  decisions  regarding  the suitability  of  switching  to
a  biosimilar  drug do  not  fall under  the  remit  of  the  regu-
latory  agencies,  evidence  from  rheumatic  diseases  suggest
that  switching  is  effective  and  safe,  with  no  differences  in
terms  of  immunogenicity.12,13 There  is  very  limited  expe-
rience  of  switching  in  patients  with  IBD.  Most  published
studies  include  a small  number  of  patients  with  very  limited
follow-up.18---20 Furthermore,  pharmacokinetic  and immuno-
genicity  data  are  scarce,  even  taking  into  account  rheumatic
diseases.

The  aim  of this  study  was  to  assess  loss  of  efficacy,  safety
and  factors  associated  with  relapse  after  switching  from
Remicade

®
to  biosimilar  infliximab  in patients  with  IBD in

clinical  remission  in Spain,  as  well  as  to  identify  any  changes
in  bioavailability  after  switching.

Materials and  methods

Study  design  and  patients

This  was  an  observational,  retrospective  and single-centre
study  comprising  a single  cohort  of patients  with  Crohn’s
disease  (CD)  and  ulcerative  colitis  (UC) who  switched  from
reference  infliximab  (Remicade

®
)  to  biosimilar  infliximab

(Remsima
®
) between  November  2015  and  August  2016  at

Hospital  Reina  Sofía  in Córdoba,  Spain.  The  information  was
obtained  retrospectively  by  reviewing  the  patients’  elec-
tronic  medical  records.  The  dose and  administration  interval
did  not  change  after switching.  CT-P13  (Remsima

®
)  was

administered  to  most patients  at  a  dose  of  5 mg/kg  every
8  weeks.  However,  five  patients  were  on  a higher  dose  of
Remicade

®
prior  to  switching,  and  this  higher  dose  was  main-

tained  after  switching  to  biosimilar  infliximab.
Patients  who  had  received  at  least  six months  of  main-

tenance  therapy  with  the  reference  product  (Remicade
®
)

and  who were  in corticosteroid-free  clinical  remission  for
at  least  three  months  were  enrolled.  Clinical  remission  was

defined  as  a  score  ≤4  points  on  the Harvey-Bradshaw  index
for  luminal  CD, the cessation  of  fistula  drainage  either
spontaneously  or  under  gentle  manual  compression
for  perianal  disease,  and  a score  <2  points  on  the
partial  Mayo score  for  UC.21,22 Patients  under  the
age  of  18  years  and  patients  treated  with  refe-
rence infliximab  for  an indication  other  than  IBD were
excluded.

The study was  conducted  in accordance  with  interna-
tional  ethical  guidelines  for research  and  clinical  studies  in
humans  established  in the Declaration  of  Helsinki  of  1964
and  its subsequent  updates,  and  with  the  recommendations
of  the  Spanish  Ministry  of  Health  concerning  clinical  studies.
The  study  protocol  was  approved  by  the Independent  Ethics
Committee  of  Córdoba.  All  patients  received  an  information
sheet  and  gave  their  written  consent  to participate  in  the
study.

Baseline  characteristics

Demographic  and  clinical  data,  including  family  history,
history  of smoking,  type  and  location  of  IBD,  CD  clinical
pattern,  disease  duration,  surgical  resections  or  perianal
surgery,  as  well  as  prior  history  of  treatment  with  immuno-
suppressants  or  biological  drugs,  including  prior  treatment
with  infliximab,  were  recorded  from  each patient’s  elec-
tronic  medical  record.  Data  such as  biological  remission,
defined  as  CRP  <5  mg/l,  indication  for  treatment  with
Remicade

®
,  duration  of treatment  and  the  need  to esca-

late  Remicade
®

prior  to  switching,  concomitant  treatment
with  immunosuppressants  and  the  duration  of  clinical
remission  prior  to  switching  to  Remsima

®
were  also

recorded.

Assessments

Relapse  or  loss  of  response

The  primary  endpoint  was  relapse  or  loss  of response  to
treatment  after  switching,  defined  as  increased  activity  as
assessed  by  the clinic,  as  well  as  laboratory,  radiology  and
endoscopy  findings,  which  led to  a change  in  the  patient’s
treatment  in  order  to  control  his/her  disease.

Before  each  infusion,  patients  underwent  an  examina-
tion.  The  Harvey-Bradshaw  index  was  used  to assess  the
clinical  activity  of CD  and  the partial  Mayo  score  to  assess
UC.  Lab  tests  were  also  conducted  and  activity  was  assessed
in  the  event  of  any  sign  or  symptom  suggestive  of  loss  of
response  to treatment.

Bioavailability  and  immunogenicity

Levels  of  infliximab  and ATI  (antibodies  to  infliximab)  were
measured  in  all  patients  before  administering  each infusion
of  Remicade

®
and  the  biosimilar  CT-P13  after switching.

These  measurements  were  taken  using  the Promonitor
®
-

IFX  and  Promonitor
®
-Anti-IFX  (Progenika  Biopharma  S.A.,

Vizcaya,  Spain)  ELISAs (Enzyme-Linked  Immunosorbent
Assays),23,24 which  measure  levels  of  both  Remicade

®

and Remsima
®

as  well  as  antibodies  to  both  drugs,
respectively.



598  L.  Guerrero  Puente  et  al.

Safety

The  safety  data  recorded  at each  infusion  and  during  the
period  preceding  the next  dose  of the drug were  collected.
Any  harmful,  unintentional  or  unfavourable  medical  event
that  occurred  or  worsened  during  a  patient’s  clinical  course
and  which  was  reported  on  the nursing  record  sheet  or
the  patient’s  electronic  medical  record  was  described  as  an
adverse  effect.  The  type of  adverse  effect,  its seriousness
and  if  Remsima

®
had  to  be  withdrawn  were also  reported.

Statistical  analysis

The  statistical  analysis  was  performed  using  SPSS
®

software
version  20.0  (Chicago,  USA).  The  variables  were presented  in
frequency  tables  or  expressed  as  means  and  standard  devia-
tion,  except  those  variables  with  asymmetrical  distribution,
for  which  the  median  and  interquartile  range  were  used.
The  chi-square  test  (or  Fisher’s  exact  test  when necessary)
was  used  for the frequencies,  Student’s  t  test  or  ANOVA  for
the  quantitative  variables  and  the Mann---Whitney  U test or
Kruskal---Wallis  test  for  asymmetrical  distributions.

The  Kaplan---Meier  method  was  used  to estimate  the
impact  of  switching  to  biosimilar  CT-P13  on  relapse-free
survival,  while  the log-rank  test  was  used  to  compare  the
curves.  Finally,  a multivariate  Cox  regression  analysis  was
performed  to  evaluate  the impact  of  the  various  prognostic
factors  on  relapse-free  survival  after  switching.  A p  <  0.05
was  considered  significant.  The  larger  Cox model comprised
those  variables  with  p < 0.25.  Clinically  significant  variables
identified  in prior  studies  irrespective  of their  significance  in
the  univariate  analysis  were  also  included.  Covariates  were
removed  from  the larger  Cox model by  means  of  a  step-by-
step  process,  eliminating  those  variables  with  a  p > 0.15  one
by  one,  starting  with  the variables with  the highest  p-value.
The  remaining  covariates  formed  the  smaller  Cox  model.
The  variables  with  a p-value  between  0.05  and 0.15  were
selected  to  identify  potential  confounding  factors and  were
removed  from  the model  if they  did not  behave  as  such.

Results

Clinical  and baseline  characteristics  of  patients

In  total,  36  patients  with  IBD  (13  with  UC,  23  with  CD)
were  included  in the  study.  The  average  age  of the  patients
was  41.3  years  (±15.7)  and  58.3%  were  women.  43.5%  of
CD  patients  had  ileocolic  Crohn’s  disease  and 73.9%  had  an
inflammatory  pattern.  61.5%  of UC  patients  had  extensive
colitis.  Median  disease  duration  was  10.5  years  (6.7---11.9).
16.7%  of  patients  had  one or  more  extraintestinal  manifes-
tations.  Of  all the  patients  with  CD and  UC,  15  (41.7%)  had
undergone  previous  surgery  (six  patients  required  intestinal
resection,  six perianal  surgery  and  three  both  procedures).
All  the  patients  who  underwent  intestinal  resection  had  CD
and  were  prescribed  infliximab  as  they  were refractory  to
immunosuppressants  after  post-surgical  relapse. In  addition,
16  patients  had  a  prior  history  of  exposure  to  treatment  with
an  anti-TNF:  nine  had  received  adalimumab  (Humira

®
),  four

Remicade
®
,  two  had used  both  agents  and  one  patient  had

received  golimumab  (Simponi
®
). The  most  common  indica-

tion  for treatment  with  infliximab  was  loss  of  response  or
being  refractory  to  immunosuppressants  or  to  other  biolog-
ical  drugs.  Mean  treatment  duration  with  Remicade

®
was

33.5  months  (17.25---63.75).  The  Remicade
®

dose  had to  be
escalated  in 10  patients,  five  of  whom  were  still  on the
higher  dose  prior  to  switching.

At  the  time  of switching,  all patients  were  in clinical
remission,  with  a  median  of  10  months  (6---19).  At  the  time
of  switching,  69.4%  of patients  were  taking  concomitant
immunosuppressants.  83.3%  were in biological  remission  and
90.3%  had  detectable  infliximab  levels.  ATI  was  measured  in
seven  patients  prior  to  switching  and  was  undetectable  in
six  of  them  (85.7%).  Of  the patients  whose  ATI  levels  were
assessed,  three  had undetectable  infliximab  levels,  includ-
ing the  patient  with  detectable  ATI.

Table  1  summarises  the  baseline  characteristics  of  the
patients  enrolled.

Efficacy

The  mean  duration  of patient  follow-up  was  8.4  months
(±3.5).  Five  patients  (13.9%)  had loss  of  response  during
follow-up  (two  with  UC  and  three  with  CD),  with  a mean
time  to  relapse  of  2.4  months  (±1.9). Mean  CRP  at the time
of  relapse  was  13.77mg/dl  (±19),  with  mean  infliximab  lev-
els  of  0.11  �g/ml (±0.12).  Of  the five  patients  who  relapsed,
three  were  administered  a  higher  dose  of biosimilar  inflix-
imab,  one  was  administered  corticosteroids  and another
underwent  perianal  surgery.  All five  patients  went back  into
clinical  remission.

The baseline  characteristics  of  the  patients  who  relapsed
and  of those  who  remained  in remission  after  switching
are  shown  in  Table  2.  Median  disease  duration  was  simi-
lar  in patients  who  relapsed  compared  to  the  group  that
remained  in remission  (11  years  [5.3---13.1]  vs  10.2  [6.6---12];
p  = 0.85).  The  median  time  in clinical  remission  prior  to
switching  was  higher  in  patients  who  remained  in remis-
sion  than  in those  who  relapsed  (13  months  [8---20]  vs 6
months  [4.5---8.5]; p = 0.028).  The  prevalence  of  biological
remission  at the time  of  switching  was  lower  in the group
of  patients  who  relapsed  compared  to those  who  contin-
ued  in remission  (40%  vs  90.3%;  p  =  0.024).  The  median  CRP
at the  time  of  switching  was  higher  in the  patients  who
relapsed  than  in  those  who  continued  in remission  (8.8  mg/l
[3.5---53.5]  vs  2.1  mg/l  [0.8---4.7]; p =  0.022)  (Fig.  1). Despite
the  lack  of  significant  differences,  the  trend  was  towards  a
lower  prevalence  of detectable  infliximab  levels  at the time
of  switching  in  the group  of  patients  that  relapsed  com-
pared  to  those  who  remained  in remission  (60%  vs  96.2%;
p  = 0.06).  A trend  towards  lower  infliximab  levels  at the time
of  switching  (0.09  �g/ml [0.0---5.9]  vs  4  �g/ml  [2.05---7.35];
p  = 0.076)  was  also  observed  in  the  group  of  patients  that
relapsed.

40%  of  patients  who  relapsed  were  taking  a  concomitant
immunosuppressant,  compared  to  74.2%  of  patients  who
remained  in  remission  (p  = 0.15).
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Table  1  Baseline  and  demographic  characteristics.

Baseline  and  demographic  characteristics

Variables n  =  36

Age,  mean  (SD)  41.3  (±15.7)
Gender  (♀),  n  (%)  21  (58.3)
Smoker,  n  (%)  10  (27.8)

Type  of  IBD,  n  (%)

Ulcerative  colitis  13  (36.1)
Crohn’s  disease  23  (63.9)

Disease  duration,  years,

median  (IR)

10.5  (6.7---11.9)

Family  history,  n (%) 5  (13.9)

UC location,  n  (%)

Proctitis  1  (7.7)
Left-sided colitis  4  (30.8)
Extensive colitis/pancolitis  8  (61.5)

CD location,  n  (%)

Ileal  6  (26.1)
Colic 7  (30.4)
Ileocolic 10  (43.5)

Upper  GI  involvement  CD,  n  (%) 1  (4.3)
CD pattern,  n  (%)

Inflammatory  17  (73.9)
Stenosing  1  (4.3)
Fistulising 5  (21.7)

Perianal  disease,  n  (%)  11  (30.6)
Extraintestinal  manifestation,

n (%)

6  (16.7)

Previous  surgery,  n  (%)  15  (41.7)

Intestinal  resection,  n (%)  9  (60)
Prior treatment  with

thiopurines,  n  (%)

36  (100)

Prior  treatment  with  ADA,  n

(%)

11 (30.6)

Prior  treatment  with  IFX,  n  (%)  6  (16.7)

Indication  of treatment  with  Remicade
®
,  n (%)

Refractory  31  (86.1)
Perianal  CD  4  (11.1)
Prevention  of  post-surgical
CD  relapse

1  (2.8)

Duration  of  treatment  with

Remicade
®
,  months,  median

(IR)

33.5
(17.25---63.75)

Intensification  of  Remicade
®
, n

(%)

10 (27.8)

Concomitant  IS  treatment  at

the  time  of  switching,  n  (%)

25  (69.4)

Biological  remission  at the

time of  switching,  n  (%)

30  (83.3)

Time  in  clinical  remission,

months,  median  (IR)

10  (6---19)

IFX  levels  at  the  time  of  switching,  n  (%)

Detectable  28  (90.3)

Table  1 (Continued)

Not  detectable  3  (9.7)

Ab to  IFX  at  the  time  of switching,  n  (%)

Detectable  1  (14.3)
Not detectable 6  (85.7)

IFX levels  at  the  time  of

switching,  �g/ml,  median

(IR)

3.4  (1.2---7.2)

Hb  at  the  time  of switching,

g/dl, median  (IR)

13.9
(13.2---14.6)

CRP at the  time  of switching,

mg/l,  median  (IR)

2.75  (0.9---5.4)

Ab: antibody; ADA: adalimumab; CD: Crohn’s disease; CRP: C-
reactive protein; Hb: haemoglobin; IBD: inflammatory bowel
disease; IFX: infliximab; IR: interquartile range; IS: immunosup-
pressant; SD: standard deviation; UC: ulcerative colitis; upper
GI: upper gastrointestinal tract.

Relapse-free  survival  at six  months  follow-up  was  85.7%
(Fig.  2). This  was  significantly  lower  in patients  who  were in
clinical  remission  for less  than  12  months  prior  to  switching,
compared  to  those  who  had  been  in remission  for  more  than
12  months  (74.4%  vs  100%;  p =  0.034)  (Fig.  3).  In addition,
relapse-free  survival  at six months  was  lower  in  patients
with  undetectable  infliximab  levels  at the  time  of switch-
ing  compared  to  patients  who  had  detectable  levels  of  the
drug (33.3%  vs  89%;  p =  0.007)  (Fig.  4).

In  the  multivariate  Cox regression  analysis,  clinical
remission  duration  prior  to  switching  (HR = 0.54;  95%
CI  = 0.29---0.98;  p  =  0.043)  and  detectable  infliximab  levels
(HR  = 0.03;  95%  CI  = 0.00---0.89;  p = 0.043)  were  correlated
with  a lower  risk  of  relapse.  Concomitant  immunosuppres-
sant  treatment  (HR  =  0.015;  95%  CI  =  0.00---1.26;  p = 0.06)
and  biological  remission  (HR  =  0.15;  95%  CI  = 0.02---1.41;
p  =  0.09)  remained  in the final  Cox  model  as  they  were
identified  as  confounding  factors.  The  univariate  Cox
regression  is  shown  in  Table 3  and  the  final model  is
summarised  in Table 4.  Neither  age,  type of IBD,  previ-
ous  surgery,  disease  duration,  duration  of  treatment  with
reference  infliximab,  prior  need  to  escalate  the  dose
nor  the presence  of  ATI  were  associated  with  a risk  of
relapse.

Immunogenicity  and pharmacokinetics  after
switching

Only one  patient  presented  transitory  detectable  ATI  prior
to  switching  from  Remicade

®
to  CT-P13  (Remsima

®
).  No

antibodies  were  found  in subsequent  blood  tests  after
switching  and the  patient  continued  in clinical  remis-
sion  without  requiring  intensification  of the biosimilar
treatment.
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Figure  1  Relapse  by  CRP  level  at  the  time  of  switching.

In terms  of infliximab  levels,  no differences  were  found
between  pre-switching  levels  and  those  measured  at  weeks
8  and  16  of  follow-up  (6.27  �g/ml  [±4.53]  vs  6.42  �g/ml
[±4.78]  vs  6.3 �g/ml  [±4.86];  p =  0.94).

Safety

During  follow-up,  three  patients  (8.3%),  all  with  Crohn’s  dis-
ease,  experienced  one  or  more  adverse  effects.  In total,
four  adverse  effects  were  observed:  two  upper  respiratory
tract  infections,  one  odontogenic  infection  and  one pneu-
monia,  the  latter  being the  only  serious  adverse  effect
observed  that  required  Remsima

®
to  be  withdrawn.  Most

adverse  effects  occurred  during the  second  and  third  months
after  switching.  Biosimilar  infliximab  was  suspended  in three
patients  during  follow-up  (between  four and six  months  after
switching)  owing  to  prolonged  remission.

No  cases  of infusion  reactions,  malignancy  or  death  were
reported  during  follow-up.

Discussion

Biosimilar  infliximab  CT-P13  was  approved  by  the  EMA  for  the
same  indications  as  reference  infliximab  (Remicade

®
),  and  it

is  currently  prescribed  to induce  response  and  remission  in
patients  with moderate-severe  CD and  UC,  with  proven  effi-
cacy.  However,  clinical  data  on  switching  from  Remicade

®
to

CT-P13  in  IBD  are  extremely  limited.
This  observational  retrospective  study  presents  the  clin-

ical  experience  of  switching  from  reference  infliximab
(Remicade

®
)  to  CT-P13  (Remsima

®
)  in patients  with  IBD at

a  single  centre.  Most  patients  (86.1%)  remained  in  clini-
cal  remission  during  follow-up  and  few  treatment-related
adverse  effects  were  reported.  No  changes  in the bioavail-
ability  of  infliximab  or  in the  detection  of  ATI  were  identified
during  follow-up  after  switching.

In this  study,  13.9%  of patients  presented  with  relapse
or loss  of efficacy  to  the anti-TNF  treatment  after  switch-
ing,  all  of  whom  went back  into  clinical  remission  by  means
of  various  strategies  (intensification,  treatment  with  corti-
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Figure  2 Kaplan---Meier  curve.  Relapse-free  survival  after
switching.
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Figure  3  Survival  curve  showing  the  relapse-free  survival  of
patients  who  were  in clinical  remission  for  more  than  12  months
prior  to  switching  versus  those  patients  who  had  been  in clinical
remission  for  less  than  12  months.
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Figure  4  Survival  curve  showing  the  relapse-free  survival  of
patients  with  detectable  infliximab  levels  at  the time  of  switch-
ing versus  those  patients  with  undetectable  drug  levels.
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Table  2  Baseline  characteristics  of  the  relapse  and  non-relapse  groups  after  switching.

Variables  Relapse  n = 5 No  relapse  n  =  31  p

n (%)  n  (%)

Gender  5  (100)  16  (51.6)  0.062
Type of  IBD  (CD)  3  (60)  20  (64.5)  1
Previous surgery  1  (20)  14  (45.2)  0.37
Need for  IFX  intensification  prior  to  switching  2  (40)  8  (25.8)  0.6
Concomitant  immunosuppression  at the  time  of  switching  2  (40)  23  (74.2)  0.15
Biological remission  at  the  time  of  switching  2  (40)  28  (90.3)  0.024
Detectable  IFX  levels  at the  time  of  switching  3  (60)  25  (96.2)  0.06
Detectable  ATI at  the time  of  switching 1  (20) 0  0.42

Median  (IR) Median  (IR)

Age 29  (27---49) 39  (28---57) 0.47
Disease duration  (years)  11  (5.3---13.1)  10.2  (6.6---12)  0.85
Time treated  with  reference  IFX  (months)  46  (15---90.5)  29  (18---64)  0.96
Time in  clinical  remission  (months) 6  (4.5---8.5)  13  (8---20)  0.028
Hb at  the  time  of  switching,  g/dl 13.2  (12.1---13.9)  14.1  (13.2---14.8)  0.054
CRP at  the  time  of  switching,  mg/l 8.8  (3.5---53.5)  2.1  (0.8---4.7)  0.022
IFX levels  at  the  time  of  switching,  �g/ml 0.09  (0.0---5.9) 4  (2.05---7.35)  0.076

ATI: antibodies to infliximab; CD: Crohn’s disease; CRP: C-reactive protein; Hb: haemoglobin; IBD: inflammatory bowel disease; IFX:
infliximab; IR: interquartile range.

Table  3  Univariate  Cox  regression.

Variables  Univariate  analysis

HR  95%  CI p

Concomitant  IS  treatment  at  the  time  of  switching  0.23  0.04---1.39  0.11
Duration of  clinical  remission  0.75  0.53---1.06  0.1
Biological remission  at the  time  of  switching  0.2  0.02---0.74  0.02

Endoscopic remission  at  the  time  of  switching

Yes (reference  not  evaluated)  0.04  0.00---6735.44  0.6
No (reference  not  evaluated)  6.43  0.66---62.51  0.11
Hb levels  at  the  time  of  switching  0.43  0.17---1.08  0.07
CRP levels  at  the  time  of  switching  1.03  1.00---1.06  0.04
Detectable IFX  levels  at the  time  of  switching  0.13  0.02---0.79  0.03
Ab to  IFX  at  the  time  of  switching  6.01  0.38---96.18  0.2

Ab: antibody; CRP: C-reactive protein; Hb:  haemoglobin; IFX: infliximab; IS: immunosuppressant.

Table  4  Multivariate  Cox  regression  showing  predictive  factors  of  relapse-free  survival  after  switching  to  biosimilar  infliximab.

Variables  Multivariate  analysis---final  model

HR  95%  CI p

Concomitant  immunosuppressant  treatment  at the  time  of  switching  0.01  0.00---1.26  0.06
Time in  clinical  remission  prior  to  switching  0.54  0.29---0.98  0.04

Biological remission  at  the  time  of  switching  0.15  0.02---1.41  0.09
Detectable  infliximab  levels  at  the  time  of  switching  0.03  0.00---0.89  0.04

In bold, significant p  < 0.05.



602  L.  Guerrero  Puente  et  al.

costeroids,  surgery).  The  findings  of this  study  are in line
with  the  results  reported  by  other  investigators.  A  post-
marketing  study  from  South  Korea  that  included  173  patients
split  into  two  groups  (patients  who  switched  to  biosimi-
lar  infliximab  vs  patients  who  had  not  previously  received
reference  infliximab),  published  the data  of  46  patients
(35  with  CD  and  11  with  UC)  from  week  30  after  switch-
ing.  The  study  found  that  82.8%  of  patients  with  CD and
100%  of  patients  with  UC  did not  experience  a  worsening
of  their  disease.2 The  objective  of the  NOR-SWITCH  study,
a  randomised,  double-blind,  phase  IV  non-inferiority  study
funded  by  the  Norwegian  government,  was  to  evaluate  the
efficacy,  safety  and  immunogenicity  of  switching  to  biosimi-
lar  CT-P13  compared  to  continuing  treatment  with  reference
infliximab  (Remicade

®
)  in various  indications,  including  CD

and  UC  (ClinicalTrials.gov  identifier:  NCT02148640).25 The
data  published  from  the NOR-SWITCH  study,  which  included
481  patients  (Remicade

®
:  241  and  switching  to  CT-P13:  240),

155  with  CD and  93  with  UC followed-up  for 52  weeks,
showed  that  the  disease  worsened  in 21.2%  and  36.5%  of
patients  with  CD  and 9.1%  and 11.9%  of patients  with
UC  in  the reference  infliximab  group  and CT-P13  group,
respectively.  The  results  of  this  study  suggest  that  switching
to  biosimilar  CT-P13  is  not inferior  to  continuing  treatment
with  reference  infliximab.  Unlike  our  study,  the NOR-SWITCH
study  included  a  control  group  of  patients  who  continued
with  Remicade

®
, as  well  as a  longer  follow-up  period.  Nev-

ertheless,  the  loss  of  efficacy  data  in the  group  of  patients
with  UC  that  was  administered  CT-P13  (Remsima

®
)  are sim-

ilar  to  the  findings  of  our  study,  although,  in  the CD group,
the  percentage  of  patients  with  worsening  of  the  disease  is
higher.  A  prospective  observational  study  of  83  patients  with
IBD  who  switched  to  CT-P13  published  similar  results  to  those
obtained  in our study,  finding  that  80%  (CD)  and  84%  (UC)  of
patients  remained  in remission  during  follow-up.26 Similarly,
another  prospective,  open-label  study  of  143  patients  who
switched  to  Remsima

®
found  that  70%  (CD)  and  73%  (UC)

remained  in  remission  during  follow-up.27

In terms  of predictive  factors  of  relapse,  longer  clin-
ical  remission  duration  prior  to  switching  and detectable
infliximab  levels  at the time  of  switching  were identified  as
factors  associated  with  a lower  risk  of relapse  after  switch-
ing.  Although  no  study  published  to  date  has  evaluated  the
factors  associated  with  the  risk  of relapse  after  switching
to  biosimilar  infliximab,  a systematic  review  of  the  factors
that  predict  loss  of  response to  infliximab,  such  as  disease
duration  and  location,  the  presence  of  ATI  and  undetectable
infliximab  levels,  was  recently  published.28 As  such,  there
are  studies  that  suggest  that  infliximab  levels  predict  the
long-term  prognosis  of  patients  with  CD  and  UC,  thus  sup-
porting  the  findings  of  this  study.  In  a  study  of  105 patients
with  CD  treated  with  infliximab,  the  clinical  remission  rates
were  higher in patients  with  detectable  infliximab  levels
than  in  those  whose  infliximab  levels  were  undetectable,
including  patients  without  ATI  (82%  vs  6%;  p <  0.001).28,29

In  support  of  these  data,  a post  hoc analysis  of  ACCENT-1
found  that  an infliximab  level  ≥3.5  �g/ml in week  14  was
predictive  of  sustained  remission  at  54  weeks,  with  an OR

of  3.5.28 In  a  cohort  of  115  patients  with  UC,  it was  also
found  that  detectable  infliximab  levels  were  associated  with
higher  remission  rates  (69%  vs  15%; p  <  0.001)  and endoscopic
improvement  (76%  vs  28%,  p < 0.001).30

This  study  identified  four  treatment-related  adverse
effects  in three  patients  (8.3%),  one  of  which  (pneumonia)
was  classified  as  a serious  adverse  effect  and led to  the
withdrawal  of  Remsima

®
. In the  PLANETAS  study,  treatment-

related  adverse  events  were  reported  in  33  patients  (39.3%)
in  the  switching  group  during the  extension  study.13 CT-P13
was  well  tolerated,  with  a  long-term  safety  profile  con-
sistent  with  the reference  infliximab  safety  profile.  In the
PLANETRA  study,  treatment-related  adverse  events  were
reported  in 27  patients  (18.9%) in the switching  group  dur-
ing the extension  study,12 with  four  patients  (2.8%)  from  this
group  suffering  serious  adverse  reactions.  In  the cohort  of  60
patients  (group  switching  to  CT-P13)  from  the South  Korean
post-marketing  study, six  treatment-related  adverse  effects
were  observed,  including  one  severe  infusion  reaction,  one
lung  abscess  and  one  anaphylactic  reaction,  leading  to  with-
drawal  of  CT-P13  in  those  patients.2 The  adverse  effects
observed  in the NOR-SWITCH  study,  including  infusion  reac-
tions,  were  similar  in both  the reference  infliximab  group
and  the  CT-P13  group  (69.7%  and 68.3%,  respectively),  with
one  or  more  serious  adverse  effects  occurring  in  10%  and
8.8%  of  patients,  respectively.  However,  these findings  refer
to  global  data  and  the  frequency  of  adverse  effects  by  diag-
nosis  has  yet  to  be published.25

This  study  found  no  differences  between  infliximab  lev-
els  prior  to  switching  and those  measured  at weeks  8  and  16
of  follow-up.  Similar  results  have been  reported  in recent
studies,  including  the prospective,  open-label  study  of 143
patients  with  IBD  who  switched  to  Remsima

®
, in whom  no

changes  in infliximab  levels  were  identified  during  follow-up
(6.7  �g/ml  at  the  time  of  switching  and  8  �g/ml  in the third
month  in patients  with  CD,  8.2  �g/ml  at the  time  of  switch-
ing  and 8.3  �g/ml in  the third month  in  patients  with  UC;
p  = 0.54).27 Likewise,  the  NOR-SWITCH  study  also  found  sim-
ilar  levels  of  the  drug in the Remicade

®
and  CT-P13  groups

during  follow-up.25 However,  a prospective,  observational
cohort  study  of  83  patients  who  switched  to  CT-P13  found
that  median  infliximab  levels  increased  from  3.5  �g/ml
(0---18)  to  4.2 �g/ml  (0---21)  in  week  16  (p  =  0.010).26

This  study  has  certain  limitations,  such as  the  small
sample  size,  short  follow-up  and  the fact that it is  a
retrospective  study,  which  may  have  introduced  bias  and
heterogeneity.  Furthermore,  the data  were  collected  from
a  single  centre  and the study  design  did not  include  a
control  group  of patients  who  continued  treatment  with
reference  infliximab  (Remicade

®
).  This  may  have  weak-

ened  certain  aspects  of  the  analysis  as  it is  difficult  to
ascertain  whether  changes  in  efficacy,  safety  and pharma-
cokinetics  may  be due  to  switching  to  CT-P13  (Remsima

®
)

or  attributable  to  the  natural  course  of the  disease.  Nev-
ertheless,  this study  is based  on  routine  clinical  practice,
which  minimises  selection  bias,  and,  despite  the limita-
tions  mentioned,  our  results  are  in  line  with  expected
findings.
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In  conclusion,  switching  to  biosimilar  infliximab  in a real-
life  cohort  of  patients  with  IBD  in clinical  remission  does  not
seem  to  have  a  significant  impact  on  short-term  clinical  out-
comes.  The  factors  associated  with  relapse  were  similar  to
those  expected  during  follow-up  in  patients  who  continued
with  the  reference  product.  However,  until  prospective  and
controlled  data  become  available,  these findings  in clinical
practice  should  be interpreted  with  caution.

Conflicts of interest

The  authors  declare  that  they  have no  conflicts  of interest.

References

1.  Jahnsen J, Detlie T, Vatn S,  Ricanek P. Biosimilar infliximab
(CT-P13) in the treatment of inflammatory bowel disease: a Nor-
wegian observational study. Expert Rev Gastroenterol Hepatol.
2015;9(S1):S45---52.

2. Park S, Kim Y,  Lee J, Kwon HJ, Lee SH, Park DI, et  al.  Post-
marketing study of  biosimilar infliximab (CT-P13) to evaluate its
safety and efficacy in Korea. Expert Rev Gastronterol Hepatol.
2015;9 Suppl. 1:S35---44.

3. Rutgeerts P, Sandborn WJ, Feagan BG, Reinisch W, Olson A,
Johanns J, et al. Infliximab for induction and maintenance ther-
apy for ulcerative colitis. N  Engl J Med. 2005;353:2462---76.

4. Hanauer SB,  Feagan BG, Lichtenstein GR, Mayer LF, Schreiber
S, Colombel JF, et al. Maintenance infliximab for Crohn’s
disease: the ACCENT 1 randomised trial. Lancet. 2002;359:
1541---9.

5. Jung YS, Park DI, Kim YH, Lee JH, Seo PJ, Cheon JH, et  al.  Effi-
cacy and safety of  CT-P13, a biosimilar of infliximab, in patients
with inflammatory bowel disease: a retrospective multicenter
study. J Gastroenterol Hepatol. 2015;30:1705---12.

6. Allez M, Karmiris K, Louis E, Van Assche G, Ben-Horin S,
Klein A, et al. Report of  the ECCO pathogenesis workshop
on anti-TNF therapy failures in inflammatory bowel diseases:
definitions, frequency and pharmacological aspects. J  Crohns
Colitis. 2010;4:355---66.

7. Oussalah A, Evesque L, Laharie D, Roblin X, Boschetti G,
Nancey S, et al.  A multicenter experience with infliximab for
ulcerative colitis: outcomes and predictors of response, opti-
mization, colectomy and hospitalization. Am J Gastroenterol.
2010;105:2617---25.

8. Bassi A, Dodd S, Williamson P, Bodger K. Cost of illness of inflam-
matory bowel disease in the UK: a single centre retrospective
study. Gut. 2004;53:1471---8.

9. Odes S, Vardi H, Friger M, Wolters F, Russel MG, Riis L, et  al.
Cost analysis and cost determinants in a European inflamma-
tory bowel disease inception cohort with 10 years of  follow-up
evaluation. Gastroenterology. 2006;131:719---28.

10. Van der Valk ME, Mangen MJ, Leenders M,  Dijkstra G, van Bode-
graven AA, Fidder HH, et  al. Healthcare costs of  inflammatory
bowel disease have shifted from hospitalisation and surgery
towards anti-TNFalpha therapy: results from the COIN study.
Gut. 2014;63:72---9.

11. Manual para medicamentos biosimilares. EGA (European Gener-
ics Association).

12. Yoo DH, Hrycaj P, Miranda P, Ramiterre E, Piotrowski M,
Shevchuk S,  et  al. A randomised, double-blind, parallel-group
study to demonstrate equivalence in efficacy and safety of  CT-
P13 compared with innovator infliximab when coadministered

with methotrexate in patients with active rheumatoid arthritis:
the PLANETRA study. Ann Rheum Dis. 2013;72:1613---20.

13. Park W,  Hrycaj P, Jeka S, Kovalenko V, Lysenko G,  Miranda P,
et al. A randomized, double-blind, multicentre, parallel-group,
prospective study comparing the pharmacokinetics, safety, and
efficacy of  CT-P13 and innovator infliximab in patients with
ankylosing spondylitis: the PLANETAS study. Ann Rheum Dis.
2013;72:1605---12.

14. Online G.  Generics and Biosimilars Initiative. Efficacy,
extrapolation and interchangeability of  biosimilars; 2014.
Available from: www.gabionline.net/Biosimilars/Research/
Efficacy-extrapolation-and-interchangeability-ofbiosimilars

15. Online G.  Generics and Biosimilars Initiative. Extrapolation of
biosimilar infliximab indications to inflammatory bowel dis-
ease; 2014. Available from: www.gabionline.net/Biosimilars/
Research/Extrapolation-of-biosimilar-infliximab-indications-
to-inflammatory-bowel-disease

16. Danese S, Fiorino G, Raine T, Ferrante M,  Kemp K,  Kierkus
J, et  al. ECCO position statement on the use of  biosimilars
for inflammatory bowel disease --- an update. J  Crohns Colitis.
2017;11:26---34.

17. Weise M, Kurki P, Wolff-Holz E, Bielsky MC, Schneider CK.  Biosim-
ilars: the science of extrapolation. Blood. 2014;124:3191---6.

18. Kang YS, Moon HH, Lee SE, Lim YJ, Kang HW. Clinical experi-
ence of the use of  CT-P13, a biosimilar to infliximab in patients
with inflammatory bowel disease: a case series. Dig Dis Sci.
2015;60:951---6.

19. Farkas K, Rutka M,  Bálint A, Nagy F, Bor R, Milassin Á, et al.
Efficacy of the new infliximab biosimilar CT-P13 induction ther-
apy in Crohn’s disease and ulcerative colitis-experiences from
a single center. Expert Opin Biol Ther. 2015;15:1257---62.

20. Ben-Horin S, Yavzori M,  Benhar I, Fudim E, Picard O,
Ungar B, et  al. Cross-immunogenicity: antibodies to inflix-
imab in Remicade-treated patients with IBD similarly
recognize to biosimilar Remsima. Gut. 2016;65:1132---8,
http://dx.doi.org/10.1136/gutjnl-2015-309290.

21. Harvey RF, Bradshaw JM. A simple index of Crohn’s-disease
activity. Lancet. 1980;1:514.

22. Walmsley RS, Ayres RC,  Pounder RE, Allan RN. A simple clinical
colitis activity index. Gut. 1998;43:29---32.

23. Manual de usuario PROMONITOR
®

-IFX. Determinación de la con-
centración de fármaco. Referencia: PG-M-102-01.

24. Manual de usuario PROMONITOR
®

-IFX. Determinación de la
concentración de anticuerpos anti-fármaco. Referencia: PG-M-
102-02.

25. Jorgensen KK, Olsen IC,  Goll GL, Lorentzen M,  Bolstad N,
Haavardsholm EA, et al. Switching from originator infliximab
to biosimilar CT-P13 compared with maintained treatment
with originator infliximab (NOR-SWITCH): a 52-week, ran-
domised, double-blind, non-inferiority trial. Lancet. 2017;389:
2304---16.

26. Smits LJ, Derikx LA, de Jong DJ, Boshuizen RS, van Esch AA,
Drenth JP,  et  al. Clinical outcomes following a switch from
Remicade® to the  biosimilar CT-P13 in inflammatory bowel
disease patients: a prospective observational cohort study. J
Crohns Colitis. 2016;10:1287---93.

27. Buer LC, Moum BA, Cvancarova M, Warren DJ, Medhus AW, Høivik
ML. Switching from Remicade

®
to Remsima

®
is well tolerated

and feasible: a prospective, open-label study. J  Crohns Colitis.
2017;11:297---304.

28. Ding NS, Hart A, de Cruz P. Systematic review: predicting and
optimising response to anti-TNF therapy in Crohn’s disease ---
algorithm for practical management. Aliment Pharmacol Ther.
2016;43:30---51.

http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0155
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0160
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0165
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0170
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0175
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0180
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0185
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0190
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0195
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0200
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0210
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0215
http://www.gabionline.net/Biosimilars/Research/Efficacy-extrapolation-and-interchangeability-ofbiosimilars
http://www.gabionline.net/Biosimilars/Research/Efficacy-extrapolation-and-interchangeability-ofbiosimilars
http://www.gabionline.net/Biosimilars/Research/Extrapolation-of-biosimilar-infliximab-indications-to-inflammatory-bowel-disease
http://www.gabionline.net/Biosimilars/Research/Extrapolation-of-biosimilar-infliximab-indications-to-inflammatory-bowel-disease
http://www.gabionline.net/Biosimilars/Research/Extrapolation-of-biosimilar-infliximab-indications-to-inflammatory-bowel-disease
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0230
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0235
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0240
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0245
dx.doi.org/10.1136/gutjnl-2015-309290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0255
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0260
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0275
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0280
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0285
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0290


604  L.  Guerrero  Puente  et  al.

29. Maser EA, Villela R, Silverberg MS, Greenberg GR. Association
of trough serum infliximab to clinical outcome after scheduled
maintenance treatment for Crohn’s disease. Clin Gastroenterol
Hepatol. 2006;4:1248---54.

30. Seow CH, Newman A, Irwin SP, Steinhart AH, Silverberg MS,
Greenberg GR. Trough serum infliximab: a predictive factor of
clinical outcome for infliximab treatment in acute ulcerative
colitis. Gut. 2010;59:49---54.

http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0295
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300
http://refhub.elsevier.com/S2444-3824(17)30152-9/sbref0300

	Evolution after switching to biosimilar infliximab in inflammatory bowel disease patients in clinical remission
	Introduction
	Materials and methods
	Study design and patients
	Baseline characteristics
	Assessments
	Relapse or loss of response
	Bioavailability and immunogenicity
	Safety

	Statistical analysis

	Results
	Clinical and baseline characteristics of patients
	Efficacy
	Immunogenicity and pharmacokinetics after switching
	Safety

	Discussion
	Conflicts of interest
	References


