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Abstract
Objective:  Primary  non-response  and  secondary  loss  of  response  to  anti-TNF  agents  are  common
in inflammatory  bowel  disease.  Increasing  drug  concentrations  are  correlated  to  better  clinical
response  and  remission  rates.  Combination  of  granulocyte---monocyte  apheresis  (GMA)  with  anti-
tumor necrosis  factor  (TNF)  agents  could  be  an  option  in  these  patients.  The  objective  of  our
study was  to  perform  an  in  vitro  assay  to  determine  if  the  GMA  device  can  lead  to  infliximab
(IFX) adsorption.
Patients  and  methods: A  blood  sample  was  obtained  from  a  healthy  control.  It  was  incubated
with three  concentrations  of  IFX  (3,  6,  and  9  �g/ml)  at  room  temperature  for  10  min.  At
that time,  1  ml  was  collected  to  determine  the  IFX  concentration.  Then,  10  ml  of  each  drug
concentration  was  incubated  with  5  ml  of  cellulose  acetate  (CA)  beads  from  the  GMA  device  at
200 rpm  for  1  h  at  37 ◦C  to  simulate  physiological  human  conditions.  A  second  sample  of  each
concentration  was  collected  and  IFX  levels  were  determined.
Results:  No  statistically  significant  differences  were  observed  in  the  IFX  levels  in  the  blood  sam-
ples before  and  after  incubation  with  the  CA  beads  (p  =  0.41)  and  after  repeated  measurements
(p =  0.31).  Mean  change  was  3.8  �g/ml.
Conclusions:  The  in  vitro  combination  of  GMA  and  IFX  did  not  change  the  circulating  levels  of
IFX at  the  three  concentrations  tested,  suggesting  that  there  is  no  interaction  between  the  drug
 vitro  and  that  they  might  be  safely  combined  with  each  other.
hed  by  Elsevier  España,  S.L.U.  This  is  an  open  access  article  under
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Análisis  in  vitro  de  la  interacción  entre  infliximab  y  la  aféresis  de  granulocitos  y
monocitos

Resumen
Objetivo:  La  falta  de  respuesta  primaria  y  la  pérdida  de  respuesta  secundaria  a  los  agentes
antifactor  de  necrosis  tumoral  (TNF)  son  comunes  en  la  enfermedad  inflamatoria  intestinal.  El
aumento de  los  niveles  de  fármaco  se  correlaciona  con  una  mejor  respuesta  clínica  y  de  las
tasas de  remisión.  La  combinación  de  la  aféresis  selectiva  de  granulocitos  y  monocitos  (GMA)
con agentes  anti-TNF  podría  ser  una  opción  en  estos  pacientes.  El  objetivo  de  nuestro  estudio
fue realizar  un  ensayo  in  vitro  para  determinar  si  el  dispositivo  de  GMA  puede  interaccionar
con infliximab  (IFX).
Pacientes  y  métodos: Se  obtuvo  una  muestra  de  sangre  de  un  control  sano.  Se  incubó  con  3
concentraciones  de  IFX  (3,  6  y  9  �g/ml)  a  temperatura  ambiente  durante  10  minutos.  En  ese
momento,  se  recogió  1  ml  para  determinar  la  concentración  de  IFX.  Luego,  se  incubaron  10  ml
de cada  concentración  de  fármaco  con  5  ml  de  cuentas  de  acetato  de  celulosa  del  dispositivo
GMA a  200  rpm  durante  una  hora  a  37 ◦C  para  simular  las  condiciones  fisiológicas  humanas.  Se
recogió  una  segunda  muestra  de  cada  concentración  y  se  determinaron  los  niveles  de  IFX.
Resultados:  No  se  observaron  diferencias  estadísticamente  significativas  en  los  niveles  de  IFX  en
las muestras  de  sangre  antes  y  después  de  la  incubación  con  las  cuentas  de  acetato  de  celulosa
(p =  0,41)  ni  tras  mediciones  repetidas  (p  =  0,31).  La  media  de  cambio  fue  de  3,8  �g/ml.
Conclusiones:  La  combinación  in  vitro  de  IFX  y  GMA  no  modificó  los  niveles  circulantes  del
fármaco en  las  3  concentraciones  probadas,  lo  que  indica  que  no  existe  interacción  entre  el
fármaco  y  el  dispositivo  de  aféresis  in  vitro  y  que  podrían  combinarse  de  forma  segura.
© 2023  Los  Autores.  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/).
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concentrations  of  IFX  (3,  6,  and  9  �g/ml)  at  room  temper-
ntroduction

nti-TNF  monoclonal  antibodies  as  infliximab  (IFX)  are
ffective  treatments  for  patients  with  inflammatory  bowel
isease  (IBD)  refractory  to  conventional  therapies.  Success-
ul  treatment  leads  to  mucosal  healing,  less  hospitalisations
nd  surgeries,  and  improvement  in  quality  of  life.1---3 Nev-
rtheless,  primary  non-response  to  anti-TNF  treatment  is
ommon4,5;  24---46%  of  patients  can  develop  secondary  loss
f  response  (LOR)  during  the  first  year,6 and  approximately
0%  show  intolerance.7

In  the  largest  prospective  study  of  anti-TNF  therapy  in
BD  to  date,  Kennedy  et  al.  showed  that  the  main  modifi-
ble  factors  associated  to  a  reduced  treatment  effectiveness
ere  low  drug  concentrations  and  immunogenicity.8 It  has
een  reported  that  higher  serum  drug  concentrations  are
ssociated  with  better  therapeutic  outcomes  regarding  both
aintenance  and  induction  therapy,  when  the  inflammatory
urden  and  drug  clearance  are  high.9---13

Granulocyte---monocyte  apheresis  (GMA)  can  selectively
eplete  monocytes/macrophages  by  adsorption  and  has
een  associated  with  significant  clinical  efficacy  in  patients
ith  IBD.14,15 The  GMA  device  consists  of  a  column  of  cel-

ulose  acetate  (CA)  beads  immersed  in  physiological  saline
olution.16 Its  mechanism  of  action  is  based  on  the  interac-
ion  between  cellular  and  humoral  blood  components  and
A  beads.  Blood  passes  through  the  device  and  is  further

einfused  to  the  patient.  The  recommended  infusion  rate
s  30  ml/min  and  the  duration  of  the  sessions  is  60  min,17,18

hough  a  duration  of  90  min  is  also  common.19,20

a
t
i

34
The  mechanism  of  action  of  GMA  appears  to  be
ore  than  adsorption  of  excess  neutrophils  and  TNF-
roducing  CD14+  CD16+  monocytes.  Adsorbed  mono-
ytes/macrophages  release  interleukin  (IL)-1  receptor
ntagonist,  hepatocyte  growth  factor  and  soluble  TNF
eceptors,  which  are  anti-inflammatory.21 Additionally,  a
ustained  increase  in  lymphocytes  including  the  regulatory
D4+  CD25+  T cells  is  observed  after  GMA.17

The  objective  of  our  study  was  to  perform  an  in  vitro
ssay  to  determine  if  the  GMA  device  can  lead  to  adsorption
f  anti-TNF  agents  as  IFX  when  used  in  combination,  thus
reserving  the  therapeutic  effects  of  the  drug.

atients and methods

tudy  design

lood  sample  was  obtained  from  a  healthy  control  (43-year-
ld  woman;  non-smoker;  total  leukocyte  count  6.35  ×  109/L)
t  Hospital  Universitario  de  Galdakao,  Spain.  Sample  con-
ained  450  ml  of  unprocessed  full  blood.  The  donor  signed
n  informed  consent  before  any  study  procedure.

The  IFX  biosimilar  used  (Inflectra®, Pfizer,  Brussels)  is
 chimeric  IgG1  monoclonal  antibody  that  binds  with  high
ffinity  to  both  the  soluble  and  transmembrane  forms
f  TNF.23 Blood  sample  (30  ml)  was  incubated  with  three
ture  for  10  min.  We  decided  to  use  progressive  dilutions
hat  would  be  representative  of  three  clinical  scenar-
os  of  through  levels  in  clinical  practice.  At  that  time,
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Figure  1  Infliximab  (IFX)  levels  determined  before  and  after
incubation  with  cellulose  acetate  beads  from  the  GMA  device.
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he  blood  sample  was  incubated  with  three  different  concen-
rations  of  IFX  (3,  6,  and  9  �g/ml).

 ml  was  collected  to  determine  the  IFX  concentration
pre-incubation  sample).  Then,  10  ml  of  each  drug  concen-
ration  was  incubated  with  5  ml  of  CA  beads  from  the  GMA
evice  (Adacolumn®,  JIMRO,  Takasaki,  Japan)  at  200  rpm
or  1  h  at  37 ◦C  to  simulate  physiological  human  conditions.
fter  incubation,  the  second  sample  of  each  concentra-
ion  was  collected  (post-incubation  sample).  Samples  were
tored  at  −80 ◦C.  IFX  levels  were  determined  using  the
romonitor® kit  (Progenika  Biopharma,  Derio,  Vizcaya).  Two
dditional  separate  measurements  and  with  the  same  tech-
ique  and  under  the  same  conditions  were  performed.
esults  obtained  from  the  blood  sample  were  compared
sing  a  Wilcoxon  test  for  continuous  variables  and  by  one-
ay  ANOVA.

esults

FX  levels  pre-  and  post-incubation  are  presented  in  Fig.  1.
o  statistically  significant  differences  were  observed  in  the

FX  levels  determined  in  the  blood  samples  before  incu-
ation  and  after  contacting  the  CA  beads  (p  =  0.41).  Mean
hange  was  3.8  �g/ml.  Mean  infliximab  concentrations  at
aseline  were  10.39,  7.8  and  5.20  �g/ml,  at  each  of  the
respecified  target  levels.  In  the  second  measurement,  val-
es  were  7.75,  7.21  and  5.95  �g/ml,  respectively.  Repeated
easurements  showed  no  statistically  significant  differ-

nces  between  both  time  points  (p  =  0.31;  Supplementary
ig.  1).

iscussion

ur  study  shows  that  the  in  vitro  combination  of  GMA  and  IFX
oes  not  change  the  circulating  levels  of  IFX  at  the  three  con-
entrations  tested,  suggesting  that  there  is  no  interaction
etween  the  drug  and  the  apheresis  device.

Anti-TNF  agents  are  effective  for  the  management  of  IBD
ut  primary  non-response  and  secondary  loss  of  response
re  common.  Increasing  drug  concentrations  are  correlated
o  better  clinical  response  and  remission  rates,  higher  endo-
copic  healing  rates  and  lower  C-reactive  protein  and  fecal

alprotectin  levels.  This  correlation  between  exposure  and
esponse  has  been  demonstrated  across  several  anti-TNF
gents  approved  for  the  treatment  of  ulcerative  colitis
UC).9---13
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Combination  of  GMA  with  anti-TNF  agents  could  be  an
ption  in  patients  who  do  not  respond  adequately  or  lose
esponse  to  biologics.22---25 In  a  case  report  of  a  female  with
rohn’s  disease  who  lost  response  while  being  on  mainte-
ance  with  IFX,  the  patient  remained  in  stable  clinical  and
ndoscopic  remission  after  5  GMA  courses  without  experi-
ncing  any  serious  side  effects.23 In  2017,  we  described  our
xperience  with  this  combined  therapy  in  UC  patients  after
oss  of  response  to  anti-TNF  treatment.  GMA  was  indicated
n  4  patients  with  left-sided  or  extensive  colitis  because  of
artial  response  to  biological  therapy  or  secondary  LOR  to
t.  A  decrease  in  the  Mayo  score  was  observed.  The  over-
ll  response  rate  was  50%  with  one  patient  demonstrating
ustained  response.24 Later,  we  described  a  retrospective
tudy  on  42  UC  patients  (23  receiving  IFX),  where  GMA  was
ombined  after  a primary  non-response  or  secondary  LOR
o  anti-TNF  therapy.  Fifteen  patients  (32%)  responded  to
he  combination  therapy  without  anti-TNF  intensification,
witch,  swap  or  colectomy.25 Furthermore,  GMA  seems  to
e  well  tolerated  by  the  patients,  with  acceptance  rates  as
igh  as  82%  regardless  of  the  response  to  the  treatment.26

GMA  has  been  shown  to  have  clinical  efficacy  together
ith  immunomodulatory  effects  in  IBD  patients.  Hiraishi
t  al.  investigated  in  2003  the  mechanisms  underlying  the
dhesion  of  granulocyte  and  monocyte  to  CA  beads  fol-
owing  exposure  of  human  blood  to  the  carriers  at  37 ◦C
or  up  to  60  min  under  controlled  conditions.  Beads  selec-
ively  adsorbed  granulocytes,  monocytes,  CD19+  (B  cells)
nd  CD56+  (NK  cells).  The  granulocyte  and  monocyte  adsorp-
ion  was  inhibited  by  heat-inactivated  plasma  and  EDTA,
uggesting  that  the  adsorption  was  plasma  protein  and  cal-
ium  dependent.  The  results  showed  that  IgG  and  active
omplement  fragments  mediated  leukocyte  adhesion  to  CA
eads  via  the  Fc�R  and/or  leukocyte  complement  receptors
ike  CR3.  Additionally,  CA  beads  induced  loss  of  expression  of
NF  receptors  on  CD16+  granulocytes  and  CD14+  monocytes,
ut  not  on  CD3+  lymphocytes.27

The  aim  of  the  combination  of  GMA  and  anti-TNF  agents
s  to  obtain  a synergistic  effect  of  both  mechanisms  of  action
o  block  the  migration  of  leukocytes  to  inflamed  tissue.  How-
ver,  both  can  contribute  to  the  increase  in  some  peripheral
ymphocyte  subpopulations  (especially  Treg)  observed  in  the
rst  weeks  of  treatment,28 and  the  changes  induced  by  GMA

n  the  profile  of  cytokines  expressed  in  the  colonic  mucosa
an  increase  the  effect  of  anti-TNF  drugs.25

Potential  interaction  between  both  treatments  has  also
een  postulated,  either  by  increasing  the  blood  trough  lev-
ls  or  by  reducing  anti-drug  antibodies,29,30 although  there
s  no  direct  evidence.  Yokoyama  et  al.  first  reported  an
mprovement  in  anti-TNF  biologic  drug  levels  with  this
ombination.29 As  described,  the  presence  of  antibodies-to-
FX  (ATI)  in  IBD  patients  is  responsible  for  LOR  and  infusion
eactions  (IR)  to  IFX.  This  group  measured  ATI  in  patients
eceiving  IFX  (56  with  sustained  response,  76  with  LOR  and

 with  IR).  Fourteen  patients  with  LOR  (6  with  Crohn’s  dis-
ase  and  7  with  UC),  showed  significantly  improved  clinical
ctivity,  and  decreased  ATI  and  IL-6  at  week  8  following
nitiation  of  GMA  plus  IFX.  Nine  patients  achieved  remis-

ion,  which  was  maintained  at  week  24  with  IFX  alone.  Pre-
nd  post-IFX  infusion  ATI  levels  were  similar.  Patients  with
TI  >  0.153  �g/ml  (cut-off  value)  were  likely  to  experience
OR.  The  authors  concluded  that  patients  who  received  GMA

9
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n  addition  to  IFX  appeared  to  regain  clinical  response  to  IFX
y  a  decrease  in  ATI  level,  and  the  concentration  of  IFX  was
ssociated  with  clinical  response.30

Our  study  has  also  some  limitations  that  should  be  consid-
red.  The  use  of  blood  obtained  from  a  single  donor  could  be

 major  concern.  Also,  samples  from  individuals  without  IBD
ay  not  be  representative  of  the  actual  immunological  and
ro-inflammatory  environment  expected  in  patients  with
ctive  disease.  Another  important  methodological  aspect
ould  be  the  absence  of  information  on  TNF  concentrations
n  these  samples.  Despite  these  relevant  considerations,  it
hould  be  noted  that  our  aim  was  to  extrapolate  how  IFX  and
MA  may  interact  in  vivo  from  data  obtained  at  ideal  labo-

atory  conditions.  However,  exploring  this  aspect  in  patients
ith  IBD  is  advisable  in  order  to  provide  even  more  appro-
riate  data  to  our  clinical  practice.

The  data  reported  in  our  study  show  that  the  in  vitro
ombination  of  GMA  with  IFX  does  not  modify  the  circulat-
ng  levels  of  the  biologic  at  the  three  concentrations  tested,
uggesting  that  there  is  no  interaction  between  the  drug  and
he  apheresis  device  and  that  they  might  be  safely  combined
nd  without  risk  of  interaction  with  each  other.  It  could  be
ypothesized  that,  by  recovering  clinical  response  without
odifying  the  drug  levels,  the  combination  with  GMA  might

educe  the  inflammatory  burden  thus  restoring  anti-TNF  effi-
acy.

uthors’ contributions

R-L,  LA  and  JLC:  study  design,  data  analysis  and  drafting
he  manuscript.

LA,  IS  and  JA:  performed  the  in  vitro  analysis.
JA  and  JLC:  revised  the  manuscript  for  important  intel-

ectual  content.

thical considerations

his  study  was  conducted  under  the  Declaration  of  Helsinki.
he  study  protocol  was  approved  by  the  local  Ethics  Com-
ittee  (reference  24/18).

ata availability statement

he  data  that  support  the  findings  of  this  study  are  available
rom  the  corresponding  author  upon  reasonable  request.

unding

his  work  was  supported  by  the  Research  Committee
rom  Hospital  Universitario  de  Galdakao.  IR-L  is  sup-
orted  by  a  research  grant  from  Gobierno  Vasco  ---  Eusko
aurlaritza  (grant  number  2020111061)  and  Biobizkaia

BCB/I/LIB/22/008).  The  apheresis  column  and  Promonitor
it  were  kindly  provided  by  Adacyte  and  Progenika  Bio-
harma,  neither  of  them  were  involved  on  study  design  nor
nterpretation  of  the  results.

35
cia,  I.  Seoane  et  al.

onflicts of interest

R-L  has  received  financial  support  for  traveling  and  edu-
ational  activities  from  or  has  served  as  an  advisory  board
ember  for  Abbvie,  Adacyte,  Celltrion,  Chiesi,  Danone,  Fer-

ing,  Faes  Farma,  Janssen,  Galapagos,  MSD,  Pfizer,  Roche,
akeda,  and  Tillotts  Pharma.  Financial  support  for  research:
illotts  Pharma.

JLC  has  received  financial  support  for  traveling  and  edu-
ational  activities  from  or  has  served  as  an  advisory  board
ember  for  Abbvie,  Adacyte,  Chiesi,  Ferring,  Janssen,  MSD,
fizer,  Takeda,  and  Tillotts  Pharma.

The  remaining  authors  have  no  conflicts  of  interest  to
eclare.

cknowledgments

e  thank  Miguel  Ángel  Pascual-Itoiz  for  his  technical  sup-
ort.

ppendix A. Supplementary data

upplementary  data  associated  with  this  article  can
e  found,  in  the  online  version,  at  doi:10.1016/j.
astrohep.2023.07.001.

eferences

1. Lichtenstein GR, Yan S, Bala M, Blank M, Sands BE.
Infliximab maintenance treatment reduces hospi-
talizations, surgeries, and procedures in fistulizing
Crohn’s disease. Gastroenterology. 2005;128:862---9,
http://dx.doi.org/10.1053/j.gastro.2005.01.048.

2. Colombel JF, Sandborn WJ,  Reinisch W, Mantzaris
GJ, Kornbluth A, Rachmilewitz D, et al. Inflix-
imab, azathioprine, or combination therapy for
Crohn’s disease. N Engl J Med. 2010;362:1383---95,
http://dx.doi.org/10.1056/NEJMoa0904492.

3. D’Haens G, Van Deventer S, Van Hogezand R, Chalmers
D, Kothe C, Baert F, et al. Endoscopic and histo-
logical healing with infliximab anti-tumor necrosis
factor antibodies in Crohn’s disease: a European mul-
ticenter trial. Gastroenterology. 1999;116:1029---34,
http://dx.doi.org/10.1016/s0016-5085(99)70005-3.

4. Rutgeerts P, D’Haens G, Targan S, Vasiliauskas E, Hanauer SB,
Present DH, et al. Efficacy and safety of retreatment with anti-
tumor necrosis factor antibody (infliximab) to maintain remis-
sion in Crohn’s disease. Gastroenterology. 1999;117:761---9,
http://dx.doi.org/10.1016/s0016-5085(99)70332-x.

5. Gisbert JP, Chaparro M. Primary failure to an anti-TNF agent
in inflammatory bowel disease: switch (to a second anti-TNF
agent) or swap (for another mechanism of action)? J Clin Med.
2021;10:5318, http://dx.doi.org/10.3390/jcm10225318.

6. Ben-Horin S, Chowers Y. Review article: loss of
response to anti-TNF treatments in Crohn’s dis-
ease. Aliment Pharmacol Ther. 2011;33:987---95,
http://dx.doi.org/10.1111/j.1365-2036.2011.04612.x.

7. Sprakes MB, Ford AC, Warren L, Greer D, Hamlin J.

Efficacy, tolerability, and predictors of response to
infliximab therapy for Crohn’s disease: a large sin-
gle centre experience. J Crohns Colitis. 2012;6:143---53,
http://dx.doi.org/10.1016/j.crohns.2011.07.011.

0

http://dx.doi.org/10.1016/j.gastrohep.2023.07.001
http://dx.doi.org/10.1016/j.gastrohep.2023.07.001
dx.doi.org/10.1053/j.gastro.2005.01.048
dx.doi.org/10.1056/NEJMoa0904492
dx.doi.org/10.1016/s0016-5085(99)70005-3
dx.doi.org/10.1016/s0016-5085(99)70332-x
dx.doi.org/10.3390/jcm10225318
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1016/j.crohns.2011.07.011


atol

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

Gastroenterología  y  Hep

8. Kennedy NA, Heap GA, Green HD, Hamilton B, Bewshea
C, Walker GJ, et al. Predictors of anti-TNF treatment
failure in anti-TNF-naive patients with active lumi-
nal Crohn’s disease: a prospective, multicentre, cohort
study. Lancet Gastroenterol Hepatol. 2019;4:341---53,
http://dx.doi.org/10.1016/S2468-1253(19)30012-3.

9. Bar-Yoseph H, Levhar N, Selinger L, Manor U, Yavzori
M, Picard O, et al. Early drug and anti-infliximab anti-
body levels for prediction of primary nonresponse to
infliximab therapy. Aliment Pharmacol Ther. 2018;47:212---8,
http://dx.doi.org/10.1111/apt.14410.

0. Davidov Y, Ungar B, Bar-Yoseph H, Carter D, Haj-Natour O, Yav-
zori M, et al. Association of induction infliximab levels with
clinical response in perianal Crohn’s disease. J Crohns Colitis.
2017;11:549---55, http://dx.doi.org/10.1093/ecco-jcc/jjw182.

1. Yarur AJ, Kanagala V, Stein DJ, Czul F, Quintero MA,
Agrawal D, et al. Higher infliximab trough levels are
associated with perianal fistula healing in patients with
Crohn’s disease. Aliment Pharmacol Ther. 2017;45:933---40,
http://dx.doi.org/10.1111/apt.13970.

2. Papamichael K, Van Stappen T, Vande Casteele N, Gils
A, Billiet T, Tops S, et al. Infliximab concentration
thresholds during induction therapy are associated with
short-term mucosal healing in patients with ulcera-
tive colitis. Clin Gastroenterol Hepatol. 2016;14:543---9,
http://dx.doi.org/10.1016/j.cgh.2015.11.014.

3. Papamichael K, Rakowsky S, Rivera C, Cheifetz AS, Osterman
MT. Association between serum infliximab trough concentra-
tions during maintenance therapy and biochemical, endoscopic,
and histologic remission in Crohn’s disease. Inflamm Bowel Dis.
2018;24:2266---71, http://dx.doi.org/10.1093/ibd/izy132.

4. Song A, Jiang H, Guo L, Wu S. The combined efficacy of adal-
imumab with GMA method on the treatment of ulcerative
colitis and repair of intestinal mucosal lesion. Am J Transl Res.
2021;13:5156---64. PMID: 34150104.

5. Bamias G, Zampeli E, Domènech E. Targeting neu-
trophils in inflammatory bowel disease: revisiting the
role of adsorptive granulocyte and monocyte aphere-
sis. Expert Rev Gastroenterol Hepatol. 2022;16:721---35,
http://dx.doi.org/10.1080/17474124.2022.2100759.

6. Domènech E, Grífols JR, Akbar A, Dignass AU. Use of gran-
ulocyte/monocytapheresis in ulcerative colitis: a practical
review from a European perspective. World J Gastroenterol.
2021;27:908---18, http://dx.doi.org/10.3748/wjg.v27.i10.908.

7. Hanai H, Wanatabe F, Takeuchi K, Ilida T, Yamada M,
Iwaoka Y, et al. Leukocyte adsorptive apheresis for the
treatment of active ulcerative colitis: a prospective, uncon-
trolled, pilot study. Clin Gastroenterol Hepatol. 2003;1:28---35,
http://dx.doi.org/10.1053/jcgh.2003.50005.

8. Inflectra summary of product characteristics. Available
from: https://www.ema.europa.eu/en/documents/product-
information/inflectra-epar-product-information en.pdf
[accessed 11.4.23].
9. Saniabadi AR, Hanai H, Fukunaga K, Sawada K, Shima C,
Bjarnason I, et al. Therapeutic leukocytapheresis for inflam-
matory bowel disease. Transfus Apher Sci. 2007;37:191---200,
http://dx.doi.org/10.1016/j.transci.2007.08.003.

35
ogía  47  (2024)  347---351

0. Kanke K, Nakano M, Hiraishi H, Terano A. Clinical eval-
uation of granulocyte/monocyte apheresis therapy for
active ulcerative colitis. Dig Liver Dis. 2004;36:811---7,
http://dx.doi.org/10.1016/j.dld.2004.08.004.

1. Yoshimura N, Tadami T, Kawaguchi T, Sako M, Yoshi-
moto H, Yamaka T, et al. Processed blood volume
impacts clinical efficacy in patients with ulcerative
colitis undergoing adsorptive depletion of myeloid
lineage leucocytes. J Gastroenterol. 2012;47:49---55,
http://dx.doi.org/10.1007/s00535-011-0464-0.

2. Iizuka M, Etou T, Sagara S. Efficacy of cytapheresis in patients
with ulcerative colitis showing insufficient or lost response
to biologic therapy. World J Gastroenterol. 2022;28:4959---72,
http://dx.doi.org/10.3748/wjg.v28.i34.4959.

3. Fukunaga K, Yokoyama Y, Kamikozuru K, Yoshida K, Kikuyama
R, Nagase K, et al. Selective depletion of peripheral
granulocyte/monocyte enhances the efficacy of scheduled
maintenance infliximab in Crohn’s disease. J Clin Apher.
2010;25:226---8, http://dx.doi.org/10.1002/jca.20242.

4. Rodríguez-Lago I, Gomez-Irwin L, Fernandez E, Higuera
R, Cabriada JL. Granulocyte---monocyte apheresis as an
adjuvant therapy to anti-tumor necrosis factor drugs
for ulcerative colitis. Ther Apher Dial. 2017;21:26---30,
http://dx.doi.org/10.1111/1744-9987.12485.

5. Rodríguez-Lago I, Sempere L, Gutiérrez A, Núñez A, Leo
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