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Abstract
Introduction  and  aims:  The  incidence  of  paediatric  inflammatory  bowel  disease  has  increased
in recent  decades.  The  aim  of  the  present  study  was  to  evaluate  the  role  of  proactive  and  serial
monitoring of  tumour  necrosis  factor  (TNF)  inhibitor  levels  to  maintain  clinical  remission  and
mucosal healing  in  the  follow-up  of  paediatric  patients  with  Crohn  disease  (CD).
Methods: Prospective  study  that  included  all  patients  diagnosed  with  CD  and  treated  with  adali-
mumab or  infliximab  between  May  2015  and  November  2020  who  underwent  serial  and  proactive
monitoring  of  TNF  inhibitor  levels.
Results:  The  study  included  30  patients,  21  male  (70%).  The  mean  age  at  diagnosis  was  11.3
years (SD,  2.0),  the  mean  age  at  initiation  of  TNF  inhibitors  was  12.6  years  (SD,  1.9)  with  a
mean duration  of  follow-up  of  27.1  ±  9.1  months.  Clinical  remission  was  defined  as  a  weighted
Pediatric  Crohn’s  Disease  Activity  Index  (wPCDAI)  of  less  than  12.5  and  mucosal  healing  as  a
Mucosal Inflammation  Non-invasive  Index  (MINI)  of  less  than  8.  During  the  follow-up,  patients
were in  clinical  remission  in  87.1%  of  the  visits,  presented  with  mild  disease  in  11.4%  and  with
moderate disease  in  1.5%,  and  mucosal  healing  was  assumed  in  83%  of  the  visits.  The  rates  of
clinical remission  and  mucosal  healing  at  1,  2,  and  3  years  of  follow-up  were  83.3%,  95.8%,
92.8%, and  86.7%,  87.5%  and  85.7%,  respectively.
Conclusions:  Proactive  and  serial  monitoring  of  serum  TNF  inhibitor  levels  may  make  it  possible
for patients  to  maintain  clinical  remission  and  mucosal  healing  in  the  maintenance  phase,
with individualised  optimization  of  the  required  dosage  and  minimization  of  secondary  loss  of
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La  monitorización  proactiva  de  niveles  de  anti-TNF  mejora  el  seguimiento  de  los
pacientes  pediátricos  con  enfermedad  de  Crohn

Resumen
Introducción  y  objetivos:  La  incidencia  de  la  enfermedad  inflamatoria  intestinal  pediátrica  ha
aumentado  en  las  últimas  décadas.  El  objetivo  del  presente  estudio  fue  evaluar  el  papel  de
la monitorización  proactiva  y  en  serie  de  los  niveles  de  fármacos  anti-TNF  (factor  de  necrosis
tumoral)  para  mantener  la  remisión  clínica  y  la  curación  mucosa  durante  el  seguimiento  de
pacientes  pediátricos  con  Enfermedad  de  Crohn  (EC).
Método:  Estudio  prospectivo  que  incluye  a  todos  los  pacientes  diagnosticados  de  EC  y  tratados
con adalimumab  o  infliximab  entre  mayo  de  2015  y  noviembre  de  2020,  en  los  que  se  ha  realizado
una monitorización  seriada  y  proactiva  de  los  niveles  de  anti-TNF.
Resultados:  Se  incluyeron  treinta  pacientes,  21  varones  (70%).  La  edad  en  el  momento  del
diagnóstico  fue  de  11,3  ±  2,0,  la  edad  en  el  momento  de  iniciar  el  anti-TNF  fue  de  12,6  ±  1,9
años con  un  tiempo  medio  de  seguimiento  de  27,1  ±  9,1  meses.  Se  consideró  remisión  clínica
si wPCDAI  <  12,5  puntos  y  curación  mucosa  si  el  índice  MINI  <  8.  Durante  el  seguimiento,  el
paciente estuvo  en  remisión  clínica  en  el  87,1%  de  las  visitas,  el  11,4%  presentó  enfermedad
leve, el  1,5%  enfermedad  moderada  y  se  asumió  curación  mucosa  en  el  83%  de  las  visitas.  Las
tasas de  remisión  clínica  y  mucosa  tras  1,  2  y  3  años  de  seguimiento  fueron  83,3%,  95,8%,  92,8%
y 86,7%,  87,5%  y  85,7%,  respectivamente.
Conclusiones:  La  monitorización  proactiva  y  seriada  de  los  niveles  séricos  de  anti-TNF  podría
permitir al  paciente  mantener  la  remisión  clínica  y  la  curación  mucosa  durante  el  seguimiento,
optimizando  individualmente  la  dosis  requerida  y  minimizando  la  pérdida  secundaria  de
respuesta.
© 2022  Asociación  Española  de  Pediatŕıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

I

C
c
o
o
w
t
p
S
h
d
w
d

i
m
s
a
p
p
T
o
a
H
T
c
(
a

h
o
r
e

m
t
t
s
i
t
a
t
o
o
e
s
o
t
d
s
i
t
q
o

ntroduction

rohn  disease  (CD)  is  a  chronic  inflammatory  disease
haracterized  by  segmental  and  transmural  involvement
f  any  part  of  the  gastrointestinal  tract.  It  is  a  form
f  inflammatory  bowel  disease  (IBD),  an  umbrella  term
hich  also  comprises  ulcerative  colitis  (UC)  and  inflamma-

ory  bowel  disease  unclassified  (IBDU).  The  incidence  of
aediatric  IBD  has  increased  in  recent  decades,  both  in
pain1,2 and  worldwide.3 In  recent  years,  different  strategies
ave  been  implemented,  structured  into  3  main  domains:
iagnosis,  follow-up  goals  and  therapeutic  management,
ith  the  ultimate  goal  of  modifying  the  course  of  the
isease.4

The  development  of  tumour  necrosis  factor  (TNF)
nhibitors  has  brought  a  significant  advance  in  the  treat-
ent  of  these  patients,  modifying  the  prognosis  in  the

hort,  medium  and  long  terms,5 especially  when  these  drugs
re  prescribed  in  the  optimal  time  window.  In  paediatric
atients,  the  identification  of  factors  associated  with  a  poor
rognosis  may  indicate  the  need  of  early  initiation  of  anti-
NF  therapy  to  improve  outcomes.6 The  latest  guideline
f  the  European  Crohn’s  and  Colitis  Organisation  (ECCO)
nd  the  European  Society  of  Paediatric  Gastroenterology,
epatology  and  Nutrition  (ESPGHAN)  mention  this  aspect.7
he  goals  of  treatment  go  beyond  corticosteroid-free  clini-
al  remission.  Mucosal  healing  (MH)  and  transmural  healing
TH),  deep  remission  (MH  +  TH),  prevention  of  bowel  dam-
ge  and  the  resulting  disability  and  the  improvement  of

o
a

n

16
ealth-related  quality  of  life  are  particularly  important
bjectives,  as  is  clinical  remission.  Achieving  these  goals
equires  close  monitoring  of  patients  with  frequent  clinical
valuations.4

Therapeutic  drug  monitoring  (TDM)  involves  periodic
easurement  of  serum  drug  and  anti-drug  antibody  concen-

rations.  It  can  be  reactive,  if  it  is  practiced  in  response
o  events  that  have  already  occurred  (clinical  relapse,  infu-
ion  reaction,  development  of  side  effects,  etc),  proactive,
f  its  performed  with  the  aim  of  achieving  pre-established
argets,  or  predictive,  if  it  is  performed  with  the  aim  of
nticipating  events.  Using  the  doses  indicated  in  the  pivotal
rials  (REACH8 and  IMAgINE19)  would  yield  similar  remission
utcomes,  so  new  strategies  should  be  explored  to  improve
utcomes.  There  is  some  controversy  regarding  the  efficacy,
fficiency10,11 and  effectiveness  of  proactive  monitoring  of
erum  levels  of  TNF  inhibitors  in  the  many  scenarios  that  can
ccur  during  treatment  with  these  agents.12 During  induc-
ion  therapy,  serum  levels  of  TNF  inhibitors  can  be  used  to
etermine  the  risk  of  secondary  loss  of  response  in  early
tages  due  to  the  development  of  antibodies  against  the  TNF
nhibitor.13 Anti-drug  antibody  (ADA)  formation  and  delays  in
herapeutic  decision-making  can  have  an  impact  in  subse-
uent  disease  outcomes.  In  this  sense,  proactive  monitoring
f  anti-TNF  drug  concentrations  would  allow  early  detection

f  ADA  formation  and  implementation  of  strategies  aimed  at
voiding  secondary  loss  of  response.12,14

The  use  of  proactive  TDM  reduces  the  need  for  combi-
ation  therapy,14 restricting  it  to  the  management  of  more

6
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erious,  transient  situations  with  increased  drug  clearance.
t  present,  when  ELISA-type  kits  cannot  simultaneously
uantify  drug  and  antibody  levels,  proactive  monitoring
f  TNF  inhibitor  serum  levels  may  show  such  a  progres-
ive  decrease  when  neither  the  dose  nor  the  interval
etween  doses  have  changed,  which,  in  the  absence  of
nhanced  drug  clearance,  could  reflect  the  development  of
DAs.15

Clinical  activity  indices  are  only  moderately  correlated
o  the  degree  of  intestinal  mucosal  inflammation,  so  they
re  not  adequate  tools  to  be  used  in  isolation  to  make
ecisions  regarding  the  management  of  the  patient.16 In
his  context,  the  Mucosal  Inflammation  Non-invasive  Index
MINI)  is  a  tool  that  allows  the  evaluation  of  mucosal  inflam-
ation  in  children  with  CD,  identifying  those  with  MH
ith  a  high  sensitivity  (84%)  and  specificity  (87%),17 and

herefore  may  be  a  useful  indicator  for  the  purpose  of
DM.  We  present  the  long-term  results  of  proactive  mon-

toring  of  TNF  inhibitor  concentrations  in  patients  with
D.

ethods

e  conducted  a  prospective  observational  descriptive  study
etween  May  2015  and  November  2020.  We  included  all
atients  with  a  CD  diagnosis  treated  with  TNF  inhibitors,
erforming  serial  and  proactive  measurement  of  serum
oncentrations  of  adalimumab  (ADL)  (Humira,  AbbVie
eutschland  GmbH&  Co.  KG)  and  infliximab  (IFX)  (Remi-
ade,  Janssen  Biologics  BV)  during  the  maintenance  phase.
he  diagnosis  of  CD  was  established  applying  the  Porto
riteria,18 and  the  phenotype  at  diagnosis  based  on  the
aris  classification.19 We  excluded  patients  with  UC,  with
BDU  or  with  severe  perianal  disease  requiring  surgical
reatment.

The  weight  (kg)  and  height  (cm)  of  the  patient  were  mea-
ured  at  each  visit  with  the  patient  barefoot  and  in  under-
ear.  We  calculated  weight,  height,  and  body  mass  index

BMI)  z-scores  were  calculated  using  Spanish  growth  charts
s  reference  (https://www.seghnp.org/nutricional/).20

We  also  calculated  the  weighted  Pediatric  Crohn’s  dis-
ase  activity  index  (wPCDAI)16 and  the  MINI.17 We  defined
linical  remission  as  a  wPCDAI  of  less  than  12.5,  and
ucosal  healing  as  a  MINI  of  less  than  8.  We  studied
aintenance  doses  used  in  the  pivotal  studies  (REACH  and

MaGINe1):  5  mg/kg  every  8  weeks  for  IFX8 and  40  mg  every
 weeks  for  ADL.9 Secondary  loss  of  response,  also  known
s  secondary  non-response,  refers  to  patients  who  respond
fter  induction  but  subsequently  stop  responding  during
aintenance  therapy.21 The  mechanisms  underlying  this

oss  of  response  can  be  pharmacokinetic  (subtherapeutic
rug  concentrations  in  the  absence  of  ADAs),  pharmaco-
ynamic  (adequate  drug  concentrations)  or  immunogenic
subtherapeutic  drug  concentrations  in  the  presence  o

 ADAs).22

We  defined  clinical  remission  (wPCDAI  <  12.5)  in  the  con-
ext  of  C-reactive  protein  (CRP)  concentrations  of  5  mg/L

r  greater  as  silent  CD.23,24 Blood  and  faecal  samples  were
ollected  on  the  same  day  before  drug  administration.  The
valuation  also  included  a  complete  blood  count  (CBC),  and
etermination  of  CRP,  albumin,  faecal  calprotectin,  erythro-

R
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yte  sedimentation  rate  (ESR)  and  serum  concentrations  of
FX  and  ADL  (proactive  monitoring  of  drug  levels).

The  measurement  of  IFX,  ADL  and  ADAs  concentra-
ions  was  carried  out  using  an  ELISA  test  (Promonitor,
rifols).  The  assay  ranges  for  the  Promonitor-IFX  and  the
romonitor-ADL  tests  were  0.035  �g/mL  to  14.4  �g/mL  and
.024  �g/mL  to  12  �g/mL,  respectively.  The  assay  ranges  for
he  Promonitor-Anti-IFX  and  the  Promonitor-Anti-ADL  tests
ere  5---1440  AU/mL  and  10---2000  AU/mL,  respectively.  We
easured  faecal  calprotectin  with  Calprest  (Eurospital),  an

LISA  kit  that  uses  polyclonal  antibodies  with  a  measure-
ent  range  of  15.6---500  �g/g.
The  treatment  regimen  was  prescribed  based  on  the

udgment  of  the  physician  in  charge  of  the  patient,  without
re-specified  TNF  inhibitor  target  concentrations  for  dose
djustments,  although  other  parameters  were  taken  into
ccount  in  decision  making  (clinical  features,  blood  test
esults  or  faecal  calprotectin  values).  In  the  maintenance
hase,  serum  levels  of  IFX  were  measured  each  time  the
atient  came  in  to  undergo  drug  infusion,  and  serum  levels
f  ADL  were  measured  12  weeks  apart  or  earlier  if  there  was
ny  reason  to  suspect  a  relapse.

We  assessed  adherence  to  treatment  based  on  the
ispensing  records  of  the  pharmacy  department  of  the
utpatient  clinic  by  calculating  the  medication  possession
atio  (MPR):  (number  of  dosage  units  dispensed  ---  number
f  dosage  units  returned)/number  of  dosage  units  pre-
cribed  ×  100.

ingle-nucleotide  polymorphisms  (SNPs)

s  done  in  previous  studies,25---28 we  evaluated  the  presence
f  SNPs  associated  with  long-term  response  to  IFX  and  ADL
n  CD  in  15  patients.  The  TNFRSF1B  C  allele  (rs3397);  the
L10  CC  genotype  (rs1800872);  the  IL17A  G  allele  (rs2275913)
nd  the  C  allele  in  IL6  (rs10499563)  have  been  identified  as
redictors  of  a  longer-term  response  to  TNF  inhibitors.27

tatistical  analysis

e  have  expressed  variables  as  mean  and  standard  deviation
SD)  if  the  data  followed  a  normal  distribution,  and  other-
ise  as  median  and  interquartile  range  (IQR).  We  used  the
olmogorov-Smirnov  test  to  assess  normality  of  the  distribu-
ion.  We  used  the  Student  t-test  and  Wilcoxon  signed-rank
est  to  compare  paired  samples  and  the  �2 test  to  compare
roportions.  The  correlation  between  variables  was  assessed
y  means  of  the  Spearman  correlation  coefficient.  We  per-
ormed  a  receiver  operating  characteristics  (ROC)  curve
nalysis  to  calculate  the  TNF  inhibitor  concentration  cut-off
oints  for  clinical  remission  and  mucosal  healing.  We  con-
idered  P  values  of  less  than  .05  statistically  significant.  The
tatistical  analysis  was  conducted  with  the  software  SPSS
ersion  25,  and  graphs  generated  with  Prism  9  for  macOS,
ersion  9.2.0  (283),  July  15,  2021.
esults

he  study  included  30  patients,  21  of  them  male  (70%),  of
ho  24  received  treatment  with  ADL  and  6  with  IFX.  The
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Table  1  Baseline  characteristics  of  patients  with  Crohn  disease  treated  with  anti-TNF  therapy  (N  =  30).

Total  (N  =  30)  ADA  (n  =  24)  IFX  (n  =  6)  P

Male  sex,  n  (%)  21  (70)  17  (70.8)  4  (66.6)  .028
Age at  diagnosis  (years)  11.3  ±  2.0  11.1  ±  2.1  11.8  ±  1.3  .561
Time from  onset  of  symptoms  to  diagnosis  (m)  4  (IQR,  2.2−7)  4.1  (IQR,  2.2−6.9)  3.3  (IQR,  2.3−4.9)  .477
Age at  anti-TNF  initiation  12.6  ±  1.9  12.7  ±  1.9  12.4  ±  1.8  .743
Time from  diagnosis  to  anti-TNF  (m)  9.9  (IQR,  2.8−21.5)  10.3  (IQR,  4.4−24.1)  3.7  (IQR,  0.05−14.6)  .143
Paris classification19 at  diagnosis  n  (%)  n  (%)  n  (%)

A1b 25  (83.3)  20  (83.3)  5  (83.3)
A1a 5  (16.7)  4  (16.7)  1  (16.7)  .731
L3L4a 13  (43.3)  9  (37.5)  4  (66.7)  .099
L3L4b 1  (3.3)  ---  1  (16.7)
L1 8  (26.7)  7  (29.1)  1  (16.7)
L3 4  (13.3)  4  (16.7)  ---
L2 2  (6.6)  2  (8.3)  ---
L1L4b 1  (3.3)  1  (4.1)  ---
L1L4a 1  (3.3)  1  (4.1)  ---
B1 27  (90)  22  (91.6)  5  (83.3)  .515
B2 3  (10)  2  (8.4)  1  (16.7)
Perianal disease  (p)  11  (36.6)  8  (33.3)  3  (50)  .408
Growth retardation  (G1)  5  (16.6)  3  (12.5)  2  (33.3)  .269

Treatment before  anti-TNF  n  (%)  n  (%)  n  (%)
EEN 28  (93.3)  23  (95.8)  5  (83.3)  .366
AZA 28  (93.3)  22  (91.6)  6  (100)  .634
MTX 4  (13.3)  4  (16.6)  ---  .499
6MP 2  (6.7)  1  (4.1)  1  (16.6)  .366
Steroids 12  (40)  11  (45.8)  1  (16.6)  .237

Anthropometry at  start  of  anti-TNF
Weight  (kg)  39.7  (IQR,  33.6−47.6)  41.2  (IQR,  36.2−48.1)  34.1  (IQR,  28.3−40.2)  .078
Weight z-scoreA −0.75  (IQR,  −1.4  to  0.08)  −0.42  (IQR,  −1.3  to  0.13)  −1.1  (IQR,  −1.9  to  −0.02)  .259
Height (cm)  148  (IQR,  140.5−160.4)  152.5(IQR,  141.7−163.7)  141  (IQR,  134.8−155.8)  .140
Height z-scoreA −0.39  (IQR,  −1.16  to  0.76)  −0.2  (IQR,  −1.06  to  0.78)  −0.52  (IQR,  −2.5  to  −0.34)  .125
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Table  1  (Continued)

Total  (N  =  30)  ADA  (n  =  24)  IFX  (n  =  6)  P

BMI  (kg/m2)  17.8  (IQR,  15.5−20.4)  18.3  (IQR,  15.8−20.5)  16.1  (IQR,  14.1−19.4)  .316
BMI z-scoreA −0.7  (−1.1  to  0.53)  −0.38  (IQR,  −1.1  to  0.54)  −1.0  (−1.5  to  −0.40)  .316

Baseline wPCDAIB n  (%)  n  (%)  n  (%)  .086
Remission 8  (9.1)  7  (29.1)  1  (16.7)
Mild 10  (18.2)  9  (37.5)  1  (16.7)
Moderate 7  (31.8)  5  (20.8)  2  (33.3)
Severe 5  (40.9)  3  (12.5)  2  (33.3)

Concomitant treatment  with  anti-TNF  n  (%)  n  (%)  n  (%)
AZA 20  (66.7)  17  (70.8)  3  (50)  .306
PEN 19  (63.3)  16  (66.7)  3  (75)  .380
Steroids 4  (13.3)  3  (12.5)  1  (16.7)  .612
MTX 1  (3.3)  1  (4.1)  ---  .793
6MP 4  (13.3)  1  (4.1)  3  (50)  .169
5-ASA (oral)  1  (3.3)  1  (4.1)  ---  .8

Baseline MINI  13  (IQR,  9.5−14)  11  (7−13)  16  (10.5−17)  .243
Baseline laboratory  results  Total  (N  =  30)  ADA  (n  =  24)  IFX  (n  =  6)

Faecal calprotectin  (�g/g)  623  (IQR,  419−1410)  623  (IQR,  408−1290)  752  (IQR,  429−4206)  .437
CRP (mg/L)  20.3  (IQR,  13−30.6)  16.2  (IQR,  12−28.5)  38.4  (IQR,  15.9−66.9)  .102
ESR (mm/h)  35  (IQR,  17−45)  35  (IQR,  14−38)  42  (IQR,  20.2−86.2)  .121
Albumin (g/dL)  3.6  (IQR,  3.2−4.2)  3.5  (IQR,  3.2−4.3)  3.7  (IQR,  2.0−3.9)  .345
Vitamin D  (ng/mL)  21.8  (IQR,  18.0−28.9)  18  (IQR,  10−25)  22  (IQR,  9−27)  .865
Hb (g/dL)  11.9  (IQR,  10.9−12.8)  11.9  (IQR,  10.3−12.8)  11.3  (IQR,  11.1−12.3)  .667
Htc (%)  36.6  (IQR,  35.1−38.5)  36.8  (IQR,  34−38.7)  36.2  (IQR,  35.5−37.7)  .820
WBC (×109/L)  7.4  ±  2.2  7.4  ±  2.4  7.4  ±  1.7  .743
Platelets (×109/L)  424  ±  116  413  ±  116  469  ±  117  .321

AZA, azathioprine; CRP, C-reactive protein; EEN, exclusive enteral nutrition; ESR, Erythrocyte sedimentation rate; Hb, haemoglobin; Hct, haematocrit; IQR, Interquartile range; MINI,
Mucosal Inflammation Non-Invasive Index17; MTX, methotrexate; PEN, partial enteral nutrition; WBC, white blood cell count; wPCDAI, weighted Paediatric Crohn’s Disease Activity Index;
5-ASA, 5-aminosalicylic acid; 6MP, 6 mercaptopurine.

A Reference: Carrascosa growth tables.20

B wPCDAI: Remission < 12.5; mild 12.5---40; moderate > 40; severe > 57.5 points.16
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Table  2  Infliximab  and  adalimumab  doses  and  intervals  and
their frequency  in  episodes.*

Scheme  n  (%)

Infliximab 5  mg/kg/8  wk 12  (15.6%)
7.5 mg/kg/6  wk  12  (15.6%)
10 mg/kg/4  wk  12  (15.6%)
7.5 mg/kg/4  wk  11  (14.3%)
12 mg/kg/4  wk  9  (11.7%)
10 mg/kg/6  wk  9  (11.7%)
7.5  mg/kg/8  wk  5  (6.5%)
Other  7  (9%)
Total 77  (100%)

Adalimumab 40 mg/2  wk 94  (66.7%)
40 mg/wk  34  (24.1%)
80 mg/wk  7  (4.9%)
20 mg/2  wk  5  (3.6%)
Other  1  (0.7%)
Total  141  (100%)

wk, week.
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B.  Rodríguez  Azor,  R.  Martín-Ma

ge  at  diagnosis  was  11.3  years  (SD,  2.0)  and  the  age  at  the
ime  anti-TNF  therapy  initiation  12.6  years  (SD,  1.9).  Table  1
resents  the  clinical  and  demographic  characteristics  of  the
atients.

election  of  TNF  inhibitor  and  induction  doses

lthough  all  30  patients  were  offered  initial  treatment  with
DL,  6  refused  it  on  account  of  a  fear  of  needles.  The

 patients  treated  with  IFX  received  an  induction  dose  of
 mg/kg  on  days  0,  2  and  6  of  treatment  and  every  8  weeks
hereafter.  In  the  ADL  group,  2  patients  received  an  induc-
ion  dose  of  80/40  mg  because  their  weight  was  under  30  kg,
nd  the  rest  (22  patients)  an  induction  dose  of  160/80  mg.
he  median  ADL  dose  per  kilogram  of  body  weight  was  3.9  mg
IQR,  3.3---4.3)  for  the  first  dose  and  1.9  mg  (IQR,  1.6---2.1)  for
he  second.  The  median  dose  per  square  meter  was  118  mg
IQR,  103---130)  for  the  first  dose  and  59.1  mg  (IQR,  51---65)
or  the  second.  The  mean  duration  of  follow-up  was  27.1
onths  (SD,  9.1)  (28.9  ±  8.4  months  for  IFX  vs  26.6  ±  9.3

or  ADL;  P  =  .556).  During  the  study  period,  patients  made
 total  of  218  visits,  77  in  the  group  treated  with  IFX  (12.8
isits  per  patient)  and  141  in  the  group  treated  with  ADL  (5.8
isits  per  patient).  There  were  no  cases  of  loss  of  response
r  discontinuation  of  treatment  due  to  poor  adherence.

NF  inhibitor  dosage  during  the  follow-up

n  the  overall  sample,  2  of  the  6  patients  treated  with  IFX
nd  13  of  the  24  treated  with  ADL  (33.3%  vs  54.1%;  P  =  .651)
aintained  the  dose  of  5  mg/kg/8  weeks  for  IFX  or  the  40
g/2  weeks  for  ADL  throughout  the  follow-up.  In  the  ADL

roup,  there  were  no  significant  differences  in  the  duration
f  follow-up  between  who  required  dose  adjustments  and
hose  who  did  not  (24.5  ±  8.5  months  vs  30.9  ±  9.3  months;

 =  .091).  In  48.6%  of  the  visits  made  during  the  study  period,
he  dose  and  dose  intervals  of  the  treatment  prescribed
o  patients  were  consistent  with  those  used  in  the  pivotal
tudies.  Stratifying  by  TNF  inhibitor,  this  was  only  the  case
n  15.6%  of  patients  treated  with  IFX,  compared  to  66.7%
f  those  treated  with  ADL  (P  <  .0001).  Table  2  presents  the
reatment  regimens.

uration  of  immunosuppressive  therapy  and  before
nd after  regimens

e  evaluated  the  effect  of  concomitant  therapy  with  thiop-
rines  (azathioprine/6-mercaptopurine)  or  methotrexate  on
he  need  to  adjust  the  TNF  inhibitor  dose  or  dose  inter-
al.  Overall,  the  dose  was  adjusted  to  the  dose  used
n  the  pivotal  studies  in  45.5%  of  the  visits  correspond-
ng  to  patients  receiving  combination  therapy  compared
o  53.5%  of  visits  of  patients  treated  with  monotherapy
P  =  .138).  In  the  group  treated  with  ADL,  concomitant
reatment  with  an  immunomodulator  (IMM)  (azathioprine/6-
ercaptopurine  or  methotrexate)  was  associated  with  a
reater  number  of  visits  with  the  40  mg/2  weeks  dose
85.1%  vs  61.2%;  P  =  .001),  a  difference  that  was  not
bserved  in  the  group  treated  with  IFX  (12.5%  vs  2.2%;  P

 .092).

r

w
y

17
* Only includes therapeutic regimens prescribed in 5 or more
visits.

aboratory  turnaround  times

he  turnaround  time  was  7  days  (IQR,  6---14  days)  for
FX  levels,  9 days  (IQR,  4---18)  for  ADL  levels,  and

 days  (IQR,  2---8  days)  for  faecal  calprotectin.  The
esults  of  all  other  laboratory  tests  were  available  within
8  h.

linical  remission,  silent  disease  and  secondary
oss of  response

uring  the  follow-up,  patients  were  in  clinical  remission  in
7.1%  of  the  visits,  presented  mild  disease  in  11.4%  and  pre-
ented  moderate  disease  in  1.5%.  In  22  of  the  190  visits  in
hich  the  patient  was  in  clinical  remission  (11.5%)  the  CRP
oncentration  was  5  mg/L  or  greater  (silent  CD).  Secondary
oss  of  response  due  to  a  pharmacokinetic  mechanism  was
dentified  in  7.3%  of  the  visits,  with  no  differences  based  on
he  TNF  inhibitor  (6.5%  in  IFX  group  vs  7.6%  in  ADL  group;

 =  .513),  and  recovery  of  response  was  achieved  by  increas-
ng  the  dose  or  shortening  the  interval  between  doses.
uring  the  follow-up,  there  were  no  cases  of  secondary

oss  of  response  due  to  immunogenic  or  pharmacodynamic
auses  or  of  cessation  of  treatment.  None  of  the  patients
equired  addition  of  steroid  therapy  to  achieve  clinical
emission.

Two  patients  presented  a progressive  decrease  in  TNF
nhibitor  concentrations  in  the  absence  of  increases  in  CRP
r  faecal  calprotectin  levels,  which  the  physician  in  charge,
fter  verifying  the  correct  administration  of  the  treatment,
ould  attribute  to  the  development  of  ADAs  not  quantifiable
y  the  detection  test  used.  In  both  cases,  after  treat-
ent  intensification,  TNF  inhibitor  levels  normalized  and
emained  within  range  without  need  of  further  optimization.
At  12  months  of  anti-TNF  therapy,  83.3%  of  the  patients

ere  in  steroid-free  remission,  at  2  years,  95.8%,  and  at  3
ears,  92.8%  (Fig.  1).
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Figure  2  Percentage  of  visits  in  which  patients  were  in  clini-
igure  1  Percentage  of  patients  in  clinical  remission  (CR)  and
ith mucosal  healing  (MH)  at  1  year  (blue),  2  years  (red)  and  3
ears (green)  of  follow-up.

In  addition,  an  improvement  in  faecal  calprotectin,  albu-
in,  CRP,  ESR,  haemoglobin,  and  vitamin  D  values  was

bserved  during  follow-up  in  relation  to  baseline  values  at
he  start  of  anti-TNF  therapy  (Table  3).

ucosal  healing

n  the  overall  sample,  the  median  MINI  score  obtained  during
he  follow-up  was  4  (IQR,  −3  to  7),  with  MH  being  identified
n  83%  of  visits.  The  results  are  shown  in  Fig.  1.  The  corre-
ation  between  the  MINI  and  wPCDAI  scores  was  low:  0.298
P  <  .0001).

rug  levels  for  clinical  remission  and  mucosal
ealing

ig.  2  shows  the  percentage  of  visits  in  which  the  patients
ere  in  clinical  remission  or  exhibited  MH  in  relation  to  TNF
nhibitor  levels.
For  IFX,  a  serum  level  of  5.85  �g/mL  predicted  clinical

emission  (area  under  the  curve  [AUC],  0.614  [0.405−0.823];
 =  .328)  with  a  sensitivity  of  68.4%  and  a  specificity  of

cal remission  (wPCDAI  <  12.5)  (in  blue),  and  percentage  in  which
there was  evidence  of  mucosal  healing  (MINI  <  8)  (in  red)  in  rela-
tion to  the  levels  of  infliximab  (A)  or  adalimumab  (B).

Table  3  Outcomes  to  up  to  3  years  of  follow-up.

Baseline,  n  =  30  1  year,  n  =  30  2  years,  n  =  24  3  years,  n  =  14

Faecal  calprotectin  (�g/g)  623  (419−1410)  142  (32−254)  131  (20−389)  158  (37−458)
CRP (mg/L)  20.3  (13−30.6)  2.9  (2.9−5.6)  2.9  (2.9−2.9)  2.9  (2.9−16.8)
ESR (mm/h)  35  (17−45)  12  (4−16)  10  (4−16)  10  (3.5−22)
Albumin (g/dL)  3.6  (3.2−4.2)  4.3  (3.5−4.5)  4.2  (3.9−4.4)  4.1  (3.7−4.3)
Vitamin D  (ng/mL) 21.8  (18.0−28.9)  25.9  (23.1−32.4)  28.6  (21.8−31.6)  28.3  (17.4−34.1)
Hb (g/dL)  11.9  (10.9---12.8)  13.3  (12.2−13.9)  13.8  (12.7−14.8)  31.3  (12.4−14.7)
Htc (%) 36.6  (35.1−38.5)  39.5  (36.2−42.6)  42.2  (39.4−43.7)  40.1  (39.2−43.6)
WBC (x109/L)  7.4  ±  2.2  6.4  ±  1.6  6.9  ±  1.5  6.5  ±  0.8
Platelets (x109/L)  424  ±  116  263  ±  82  261  ±  72  270  ±  54
Clinical remission  25  (83.3%)  23  (95.8%)  13  (92.8%)
Mucosal healing  26  (86.7%)  21(87.5%)  12  (85.7%)

Remission: wPCDAI < 12.516; mucosal healing: MINI < 8. Data are presented as median (interquartile range), mean ± standard deviation
or n (%).
CRP, C-reactive protein; Hb, haemoglobin; Hct, haematocrit; ESR, erythrocyte sedimentation rate; IQR, interquartile range; WBC, white
blood cell count.
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igure  3  A.  Number  of  patients  with  each  of  the  described  S
onsideration.

7.1%,  and  levels  of  7.30  �g/mL  predicted  MH  (AUC,  0.584
0.377−0.791];  P  =  .383),  with  a  sensitivity  of  58.5%  and  a
pecificity  of  54.5%.

For  ADL,  a  serum  level  of  9.4  �g/mL  predicted  clinical
emission  (AUC,  0.626  [0.478−0.774];  P  =  .082)  with  a  sen-
itivity  of  61.7%  and  a  specificity  of  63.2%,  and  levels  of  9.7
g/mL  predicted  MH  (AUC,  0.464  [0.347−0.580];  P  =  .562)
ith  a  sensitivity  of  59%  and  a  specificity  of  37%.

dherence  to  treatment

e  found  an  overall  mean  adherence  of  90.5%  (SD,  6.8).  In
he  ADL  group,  the  mean  adherence  was  92.2%  (SD,  5.9)  and
n  the  IFX  group,  85.7%  (SD,  8.1)  (P  =  .527).

NPs  associated  with  a  long-term  response  to  TNF
nhibitors

n  all  15  patients  who  underwent  a  pharmacogenetic  study,
esting  detected  at  least  2  SNPs  associated  with  a  long-term
esponse  to  TNF  inhibitors  (Fig.  3).

iscussion

ur  results  show  that  proactive  monitoring  of  TNF  inhibitor
evels  combined  with  the  other  inflammatory  parameters
s  an  efficient  practice,  as  it  reduces  the  risk  of  clinical
nd  laboratory  relapse  and  of  secondary  loss  of  response
ue  to  immunogenic  or  pharmacokinetic  mechanisms,  in
ddition  to  allowing  early  identification  of  silent  CD  in
aediatric  patients.  The  updated  ECCO-ESPGHAN  guide-
ine  recommends  its  implementation,  establishing  target
rough  levels  during  the  maintenance  phase  to  achieve  MH
f  5  �g/mL  for  IFX  and  7.5  �g/mL  for  ADL.7 In  our  study,
here  were  no  predetermined  target  TNF  inhibitor  trough

evels.

The  Paediatric  Crohn’s  Disease  Adalimumab  Level-Based
ptimization  Treatment  (PAILOT)  trial  compared  the  proac-
ive  approach  to  reactive  treatment  with  ADL  in  the

t
(
3
e

17
B.  Number  of  patients  who  had  two  or  more  of  the  SNPs  under

aediatric  population,  and  found  that  steroid-free  remis-
ion  was  more  frequent  in  the  proactive  group  (82%  vs
8%;  P  =  .002).  The  authors  established  a  target  ADL  trough
evel  of  5  �g/mL.14 Although  this  approach  may  be  appro-
riate,  it  is  not  the  usual  approach  in  real-world  practice,
n  which  clinical  and  analytical  data  have  to  be  con-
idered  in  addition  to  drug  concentrations,  as  we  did
n  our  study.

Similar  to  the  results  of  the  study  published  by  Ungar
t  al.,29 in  our  sample  we  found  that  a  subset  of  patients
n  clinical  remission  and  with  MH  had  concentrations  of  less
han  5  �g/mL,  in  support  of  our  approach  to  proactive  mon-
toring,  which  is  not  based  on  predetermined  target  levels.
n  another  retrospective  series  of  paediatric  patients,  Lyles
t  al.  reported  that  proactive  monitoring  was  more  effective
n  achieving  steroid-free  remission  at  52  weeks  of  treatment
ompared  to  a  reactive  approach.  They  found  that  proac-
ive  monitoring  was  associated  with  remaining  on  the  initial
NF  inhibitor  longer  (hazard  ratio  [HR],  0.78;  95%  confi-
ence  interval  [CI],  0.51---1.18;  P  =  .24)  and  a  much  lower
isk  of  cessation  due  to  any  detectable  ADA  (HR,  0.47;  95%
I,  0.27−0.79;  P  =  .005).30

In  a  recent  systematic  review  of  real-world  evidence
n  the  long-term  efficacy  of  IFX  therapy  in  paediatric
atients,  the  probability  of  still  continuing  IFX  therapy  was
3%---97%  after  one  year,  67%---91%  after  2  years  and  61%---85%
fter  3  years.  For  ADL,  there  were  fewer  data,  showing
orresponding  probabilities  of  50%---85%,  50%---79%  and  79%
espectively.31 In  our  series,  there  was  no  loss  of  response
r  discontinuation  of  treatment.

Another  aspect  that  we  evaluated  was  the  percentage  of
he  duration  of  treatment  that  patients  remained  with  the
nitial  dose  recommended  by  the  manufacturer,  and  found
hat  it  was  much  higher  in  patients  treated  with  ADL.  One
f  the  findings  of  Assa  et  al.14 was  precisely  that  those
nder  proactive  monitoring  required  treatment  intensifica-

ion  more  frequently  than  those  under  reactive  monitoring
87%  vs  60%).  A  more  detailed  analysis  showed  that  of  the
3  patients  that  received  ADA  intensification,  18  did  so  due
xclusively  to  concentrations  of  less  than  5  �g/mL,  while
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he  remaining  15  also  had  levels  under  5  �g/mL  in  addi-
ion  to  a  faecal  calprotectin  level  greater  than  150  �g/g,

 CRP  greater  than  0.5  mg/dL  or  a  PCDAI  of  10  or  greater.
n  our  opinion,  a  significant  percentage  of  these  patients
ay  not  have  required  intensification  if  they  had  been  in
roactive  follow-up  outside  the  framework  of  a  clinical
rial.

Numerous  paediatric  studies  have  provided  cut-off  points
or  mucosal  healing,  clinical  remission,  and  histological
ealing  at  different  time  points  in  the  follow-up  of  patients
ith  IBD.22,32---34 In  our  study,  the  analysis  of  the  cut-off
oints  obtained  with  ROC  curves  to  define  clinical  remission
nd  mucosal  healing  did  not  evince  the  necessary  predic-
ive  sensitivity  or  specificity,  probably  due  to  the  sample
ize,  although  they  were  very  close  to  those  obtained  in
he  study  conducted  by  Kim  et  al.33 The  adherence  data
eflected  high  compliance,  as  adherence  was  defined  as  a
PR  of  85%  or  greater,35 which  was  achieved  with  ADL  and
lmost  achieved  with  IFX,  and  could  be  correlated  to  the
esults  for  the  clinical  outcomes.

One  of  the  main  limitations  of  our  study  is  probably  the
ample  size.  Also,  we  estimated  MH  using  the  MINI,  which,
hile  offering  a  sensitivity  of  84%  and  a  specificity  of  87%  to
etect  MH,  relies  greatly  on  faecal  calprotectin  and  may
verestimate  the  actual  health  of  the  intestinal  mucosa.
e  were  also  unable  to  analyse  histological  outcomes  over

ime.  Since  MH  is  defined  as  endoscopic  healing  (according  to
ifferent  activity  indices),  it  cannot  be  completely  extrapo-
ated  from  MINI  scores,  so  our  results  regarding  MH  must  be
nterpreted  with  caution.  Another  limitation  was  the  lack  of

 control  group.  Our  rates  of  clinical  remission  at  1,  2  and
 years  of  follow-up  are  consistent  with  those  reported  by
im  et  al.,33 but  the  frequencies  of  MH  (Simple  Endoscopic
core  for  Crohn  Disease  [SES-CD]  vs  MINI)  were  not,  as  they
ere  much  higher  in  the  first  two  years.  On  the  other  hand,

he  method  chosen  to  quantify  therapeutic  adherence  may
ot  correctly  reflect  the  difference  between  ADL  and  IFX,
lso  due  to  the  difference  size  of  the  groups  treated  with
ach  drug.

Every  patient  in  which  testing  was  performed  had  at
east  2  of  the  DNA  variants  associated  with  a  long-term
esponse  to  TNF  inhibitors  described  by  Salvador  et  al.33 This
harmacogenetic  aspect  and  the  proactive  measurement  of
rug  levels  probably  contributed  to  the  favourable  outcomes
btained  in  our  series.  Fast  laboratory  turnaround  times  are
ssential  for  a  proactive  approach,  as  was  the  case  in  our
tudy.  This  made  it  possible  for  patients  to  have  samples
ollected  2  weeks  before  the  consultation  and  receive  the
esults  on  the  day  of  their  office  visit.  In  the  case  of  IFX,
he  rapid  response  later  allowed  contacting  the  family  to
chedule  the  new  infusion.  Furthermore,  adherence  in  our
ohort  was  high,  consistent  with  data  published  by  other
uthors.36

In  conclusion,  the  proactive  and  serial  monitoring  of
nti-TNF  levels  makes  it  possible  for  paediatric  patients
o  maintain  clinical  remission  and  achieve  mucosal  heal-
ng  in  most  cases  through  personalised  optimisation  of  the
equired  dosage  and  avoiding  secondary  loss  of  response.

he  measurement  of  drug  concentrations  is  another
ossible  tool  for  monitoring  patients,  although  the  cor-
elation  with  mucosal  healing  or  clinical  remission  may
e  low.

17
 (2023)  165---174

onflict of interest

he  authors  declare  that  they  have  no  conflict  of  interest.

cknowledgment

e  thank  Jordi  Bozzo,  senior  manager  of  scientific  publica-
ions  at  Grifols,  for  his  valuable  contributions  following  the
xhaustive  review  of  the  manuscript  once  the  authors  had
nished  drafting  it.

eferences

1. Martín-de-Carpi J, Rodríguez A, Ramos E, Jiménez S,
Martínez-Gómez MJ, Medina E. Increasing incidence of pedi-
atric inflammatory bowel disease in Spain (1996-2009):
the SPIRIT Registry. Inflamm Bowel Dis. 2013;19:73---80,
http://dx.doi.org/10.1002/ibd.22980.

2. Martín-de-Carpi J, Rodríguez A, Ramos E, Jiménez S, Martínez-
Gómez MJ, Medina E, et al. The complete picture of changing
pediatric inflammatory bowel disease incidence in Spain in
25years (1985-2009): the EXPERIENCE registry. J Crohn’s Colitis.
2014;8, http://dx.doi.org/10.1016/j.crohns.2014.01.005.

3. Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, Benchi-
mol EI, et al. Worldwide incidence and prevalence of
inflammatory bowel disease in the 21st century: a sys-
tematic review of population-based studies. Lancet
(London, England). 2017;390:2769---78, http://dx.doi.org/
10.1016/S0140-6736(17)32448-0.

4. Palmela C, Torres J, Cravo M. New trends in inflamma-
tory bowel disease. GE Port J Gastroenterol. 2015;22:103---11,
http://dx.doi.org/10.1016/j.jpge.2015.03.009.

5. Merrick VM, Mortier K, Williams LJ, Muhammed R, Auth
MKH, Elawad M, et al. Real-life anti-tumor necrosis fac-
tor experience in more than 500 patients: high co-
immunosuppression rates but low rates of quantifying treat-
ment response. J Pediatr Gastroenterol Nutr. 2018;66:274---80,
http://dx.doi.org/10.1097/MPG.0000000000001679.

6. Ricciuto A, Aardoom M, Orlanski-Meyer E, Navon D, Carman
N, Aloi M, et al. Predicting outcomes in pediatric Crohn’s
disease for management optimization: systematic review and
consensus statements from the pediatric inflammatory bowel
disease-ahead program. Gastroenterology. 2021;160:403---36,
http://dx.doi.org/10.1053/j.gastro.2020.07.065, e26.

7. van Rheenen PF, Aloi M, Assa A, Bronsky J, Escher JC, Fager-
berg UL, et al. The Medical Management of Paediatric Crohn’s
disease: an ECCO-ESPGHAN guideline update. J Crohn’s Colitis.
2020, http://dx.doi.org/10.1093/ecco-jcc/jjaa161.

8. Hyams J, Crandall W, Kugathasan S, Griffiths A, Olson
A, Johanns J, et al. Induction and maintenance inflix-
imab therapy for the treatment of moderate-to-severe
Crohn’s disease in children. Gastroenterology. 2007;132:863---6,
http://dx.doi.org/10.1053/j.gastro.2006.12.003.

9. Hyams JS, Griffiths A, Markowitz J, Baldassano RN,
Faubion WAJ, Colletti RB, et al. Safety and efficacy
of adalimumab for moderate to severe Crohn’s dis-
Cost savings of anti-TNF therapy using a test-based strategy ver-
sus an empirical dose escalation in Crohn’s disease patients who
lose response to infliximab. J Mark Access Heal Policy. 2015;3,
http://dx.doi.org/10.3402/jmahp.v3.29229.

3

dx.doi.org/10.1002/ibd.22980
dx.doi.org/10.1016/j.crohns.2014.01.005
dx.doi.org/10.1016/S0140-6736(17)32448-0
dx.doi.org/10.1016/S0140-6736(17)32448-0
dx.doi.org/10.1016/j.jpge.2015.03.009
dx.doi.org/10.1097/MPG.0000000000001679
dx.doi.org/10.1053/j.gastro.2020.07.065
dx.doi.org/10.1093/ecco-jcc/jjaa161
dx.doi.org/10.1053/j.gastro.2006.12.003
dx.doi.org/10.1053/j.gastro.2012.04.046
dx.doi.org/10.3402/jmahp.v3.29229


sot,

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

B.  Rodríguez  Azor,  R.  Martín-Ma

1. Steenholdt C, Brynskov J, Thomsen OØ, Munck LK, Fallingborg J,
Christensen LA, et al. Individualized therapy is a long-term cost-
effective method compared to dose intensification in Crohn’s
disease patients failing infliximab. Dig Dis Sci. 2015;60:2762---70,
http://dx.doi.org/10.1007/s10620-015-3581-4.

2. Papamichael K, Cheifetz AS. Use of anti-TNF
drug levels to optimise patient manage-
ment. Frontline Gastroenterol. 2016;7:289---300,
http://dx.doi.org/10.1136/flgastro-2016-100685.

3. Baert F, Kondragunta V, Lockton S, Vande Casteele N,
Hauenstein S, Singh S, et al. Antibodies to adalimumab are
associated with future inflammation in Crohn’s patients
receiving maintenance adalimumab therapy: a post hoc
analysis of the Karmiris trial. Gut. 2016;65:1126---31,
http://dx.doi.org/10.1136/gutjnl-2014-307882.

4. Assa A, Matar M, Turner D, Broide E, Weiss B, Ledder
O, et al. Proactive monitoring of adalimumab trough
concentration associated with increased clinical remis-
sion in children with Crohn’s disease compared with
reactive monitoring. Gastroenterology. 2019;157:985---96,
http://dx.doi.org/10.1053/j.gastro.2019.06.003, e2.

5. Bendtzen K. Immunogenicity of anti-TNF-� biother-
apies: II. Clinical relevance of methods used for
anti-drug antibody detection. Front Immunol. 2015;6:109,
http://dx.doi.org/10.3389/fimmu.2015.00109.

6. Turner D, Levine A, Walters TD, Focht G, Otley A, Lopez
VN, et al. Which PCDAI version best reflects intesti-
nal inflammation in pediatric Crohn disease? J Pediatr
Gastroenterol Nutr. 2017;64:254---60, http://dx.doi.org/
10.1097/MPG.0000000000001227.

7. Cozijnsen MA, Ben Shoham A, Kang B, Choe B-H, Choe
YH, Jongsma MME, et al. Development and validation of
the mucosal inflammation noninvasive index for pediatric
Crohn’s disease. Clin Gastroenterol Hepatol. 2020;18:133---40,
http://dx.doi.org/10.1016/j.cgh.2019.04.012, e1.

8. Levine A, Koletzko S, Turner D, Escher JC, Cucchiara S,
de Ridder L, et al. ESPGHAN revised porto criteria for the
diagnosis of inflammatory bowel disease in children and
adolescents. J Pediatr Gastroenterol Nutr. 2014;58:795---806,
http://dx.doi.org/10.1097/MPG.0000000000000239.

9. Levine A, Griffiths A, Markowitz J, Wilson DC, Turner
D, Russell RK, et al. Pediatric modification of the Mon-
treal classification for inflammatory bowel disease: the
Paris classification. Inflamm Bowel Dis. 2011;17:1314---21,
http://dx.doi.org/10.1002/ibd.21493.

0. Carrascosa A, Fernández J, Fernández M, López-Siguero J,
López D, Sánchez E, et al, Available from: http://www.
estudiosdecrecimiento.es/estudio-transversal.html, 2010.

1. Roda G, Jharap B, Neeraj N, Colombel J-F. Loss of
response to anti-TNFs: definition, epidemiology, and manage-
ment. Clin Transl Gastroenterol. 2016;7, http://dx.doi.org/
10.1038/ctg.2015.63, e135---e135.

2. Kapoor A, Crowley E. Advances in therapeutic drug moni-
toring in biologic therapies for pediatric inflammatory bowel
disease. Front Pediatr. 2021;9:661536, http://dx.doi.org/
10.3389/fped.2021.661536.

3. Bhattacharya A, Rao BB, Koutroubakis IE, Click B, Var-
gas EJ, Regueiro M, et al. Silent Crohn’s disease pre-
dicts increased bowel damage during multiyear follow-up:
the consequences of under-reporting active inflammation.

Inflamm Bowel Dis. 2016;22:2665---71, http://dx.doi.org/
10.1097/MIB.0000000000000935.

4. Pagnini C, Mariani MB, Corleto VD, Delle Fave G. Elevated
C-reactive protein in asymptomatic Crohn’s disease patients:

17
 A.  Dayaldasani  Khialani  et  al.

listen to the sound of silence. Inflamm Bowel Dis. 2017;23:E13,
http://dx.doi.org/10.1097/MIB.0000000000001030.

5. Salvador-Martín S, Raposo-Gutiérrez I, Navas-López VM,
Gallego-Fernández C, Moreno-Álvarez A, Solar-Boga A, et al.
Gene signatures of early response to anti-TNF drugs in pedi-
atric inflammatory bowel disease. Int J Mol Sci. 2020;21,
http://dx.doi.org/10.3390/ijms21093364.

6. Salvador-Martín S, Pujol-Muncunill G, Bossacoma F, Navas-López
VM, Gallego-Fernández C, Segarra O, et al. Pharmacogenetics
of trough serum anti-TNF levels in paediatric inflamma-
tory bowel disease. Br J Clin Pharmacol. 2021;87:447---57,
http://dx.doi.org/10.1111/bcp.14400.

7. Salvador-Martín S, Bossacoma F, Pujol-Muncunill G,
Navas-López VM, Gallego-Fernández C, Viada J, et al.
Genetic predictors of long-term response to antitumor
necrosis factor agents in pediatric inflammatory bowel
disease. J Pediatr Gastroenterol Nutr. 2020;71:508---15,
http://dx.doi.org/10.1097/MPG.0000000000002840.

8. Salvador-Martín S, Kaczmarczyk B, Álvarez R, Navas-López
VM, Gallego-Fernández C, Moreno-Álvarez A, et al. Whole
transcription profile of responders to anti-TNF drugs in pedi-
atric inflammatory bowel disease. Pharmaceutics. 2021;13,
http://dx.doi.org/10.3390/pharmaceutics13010077.

9. Ungar B, Levy I, Yavne Y, Yavzori M, Picard O, Fudim E, et al.
Optimizing anti-TNF-� therapy: serum levels of infliximab and
adalimumab are associated with mucosal healing in patients
with inflammatory bowel diseases. Clin Gastroenterol Hepa-
tol Off Clin Pract J Am Gastroenterol Assoc. 2016;14:550---7,
http://dx.doi.org/10.1016/j.cgh.2015.10.025, e2.

0. Lyles JL, Mulgund AA, Bauman LE, Su W, Fei L, Chona DL,
et al. Effect of a practice-wide anti-TNF proactive thera-
peutic drug monitoring program on outcomes in pediatric
patients with inflammatory bowel disease. Inflamm Bowel Dis.
2021;27:482---92, http://dx.doi.org/10.1093/ibd/izaa102.

1. van Rheenen H, van Rheenen PF. Long-term efficacy of anti-
tumor necrosis factor agents in pediatric luminal Crohn’s
disease: a systematic review of real-world evidence stud-
ies. Pediatr Gastroenterol Hepatol Nutr. 2020;23:121---31,
http://dx.doi.org/10.5223/pghn.2020.23.2.121.

2. Choi SY, Choi YO, Choe YH, Kang B. Potential utility of
therapeutic drug monitoring of adalimumab in predicting short-
term mucosal healing and histologic remission in pediatric
Crohn’s disease patients. J Korean Med Sci. 2020;35:e114,
http://dx.doi.org/10.3346/jkms.2020.35.e114.

3. Kim MJ, Kim E, Kang B, Choe YH. Therapeutic
drug monitoring of adalimumab during long-term
follow-up in paediatric patients with Crohn dis-
ease. J Pediatr Gastroenterol Nutr. 2021;72:870---6,
http://dx.doi.org/10.1097/MPG.0000000000003070.

4. Lucafò M, Curci D, Bramuzzo M, Alvisi P, Martelossi S, Sil-
vestri T, et al. Serum adalimumab levels after induction
are associated with long-term remission in children with
inflammatory bowel disease. Front Pediatr. 2021;9:646671,
http://dx.doi.org/10.3389/fped.2021.646671.

5. Govani SM, Noureldin M, Higgins PDR, Heisler M, Saini DE,
Stidham RW, et al. Defining an optimal adherence threshold
for patients taking subcutaneous anti-TNFs for inflamma-
tory bowel diseases. Am J Gastroenterol. 2018;113:276---82,
http://dx.doi.org/10.1038/ajg.2017.438.

6. Gendelman O, Weitzman D, Rosenberg V, Shalev V, Chodick

G, Amital H. Characterization of adherence and persis-
tence profile in a real-life population of patients treated
with adalimumab. Br J Clin Pharmacol. 2018;84:786---95,
http://dx.doi.org/10.1111/bcp.13494.

4

dx.doi.org/10.1007/s10620-015-3581-4
dx.doi.org/10.1136/flgastro-2016-100685
dx.doi.org/10.1136/gutjnl-2014-307882
dx.doi.org/10.1053/j.gastro.2019.06.003
dx.doi.org/10.3389/fimmu.2015.00109
dx.doi.org/10.1097/MPG.0000000000001227
dx.doi.org/10.1097/MPG.0000000000001227
dx.doi.org/10.1016/j.cgh.2019.04.012
dx.doi.org/10.1097/MPG.0000000000000239
dx.doi.org/10.1002/ibd.21493
http://www.estudiosdecrecimiento.es/estudio-transversal.html
http://www.estudiosdecrecimiento.es/estudio-transversal.html
dx.doi.org/10.1038/ctg.2015.63
dx.doi.org/10.1038/ctg.2015.63
dx.doi.org/10.3389/fped.2021.661536
dx.doi.org/10.3389/fped.2021.661536
dx.doi.org/10.1097/MIB.0000000000000935
dx.doi.org/10.1097/MIB.0000000000000935
dx.doi.org/10.1097/MIB.0000000000001030
dx.doi.org/10.3390/ijms21093364
dx.doi.org/10.1111/bcp.14400
dx.doi.org/10.1097/MPG.0000000000002840
dx.doi.org/10.3390/pharmaceutics13010077
dx.doi.org/10.1016/j.cgh.2015.10.025
dx.doi.org/10.1093/ibd/izaa102
dx.doi.org/10.5223/pghn.2020.23.2.121
dx.doi.org/10.3346/jkms.2020.35.e114
dx.doi.org/10.1097/MPG.0000000000003070
dx.doi.org/10.3389/fped.2021.646671
dx.doi.org/10.1038/ajg.2017.438
dx.doi.org/10.1111/bcp.13494

	Proactive monitoring of anti-TNF agents improves follow-up of paediatric patients with Crohn disease
	Introduction
	Methods
	Single-nucleotide polymorphisms (SNPs)
	Statistical analysis

	Results
	Selection of TNF inhibitor and induction doses
	TNF inhibitor dosage during the follow-up
	Duration of immunosuppressive therapy and before and after regimens
	Laboratory turnaround times
	Clinical remission, silent disease and secondary loss of response
	Mucosal healing
	Drug levels for clinical remission and mucosal healing
	Adherence to treatment
	SNPs associated with a long-term response to TNF inhibitors

	Discussion
	Conflict of interest
	Acknowledgment
	References


