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Abstract
The etiology and pathogenesis of inflammatory bowel disease (IBD), including
ulcerative colitis and Crohn’s disease, are not fully understood so far. Therefore,
IBD still remains incurable despite the fact that significant progress has been
achieved in recent years in its treatment with innovative medicine. About 20
years ago, selective granulocyte and monocyte apheresis (GMA) was invented in
Japan and later approved by the Japanese health authority for IBD treatment.
From then on this technique was extensively used for IBD patients in Japan and
later in Europe. Clinical trials from Japan and European countries have verified
the effectiveness and safety of GMA therapy in patients with IBD. In 2013, GMA
therapy was approved by China State Food and Drug Administration for
therapeutic use for the Chinese IBD patients. However, GMA therapy has not
been extensively used in China, although a few clinical studies also showed that
it was effective in clinical and endoscopic induction of remission in Chinese IBD
patients with a high safety profile. This article reviews past history, present
clinical application as well as the future prospective of GMA therapy for patients
with IBD.

Key words: Inflammatory bowel disease; Ulcerative colitis; Crohn’s disease; Granulocyte
and monocyte apheresis; Therapy; Efficacy
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Core tip: Conventional therapies for inflammatory bowel disease (IBD) patients
including mesalazine, corticosteroids, and immunosuppressants have been used for
decades with unsatisfactory outcomes due to ineffectiveness or side effects. Although the
emerging biologic agents have revolutionized IBD treatment, severe opportunistic
infections, primary or secondary loss of response, etc. are the major clinical concerns of
clinicians and patients. In recent years, selective granulocyte and monocyte apheresis has
been used in Japan, Europe, China and elsewhere for its advantages of satisfactory
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efficacy and high safety profile. Granulocyte and monocyte apheresis therapy is an
important and promising therapeutic option for IBD patients.
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INTRODUCTION
Inflammatory bowel disease (IBD) includes two chronic relapsing and remitting
diseases, i.e. ulcerative colitis (UC) and Crohn’s disease (CD). Millions of individuals
worldwide are currently affected by this disease in terms of function and quality of
life[1]. Although it is thought to be an immune disorder of the gastrointestinal tract in
genetically susceptible individuals exposed to environmental risk factors[1-4], IBD is
sometimes difficult to define due to either its history of unusual complexity or poor
understanding of its etiology and pathogenesis. Therefore, IBD still remains incurable
despite  significant  progress  in recent  years  due to its  treatment with innovative
medicine. Clinical and experimental studies have indicated that the distressful flare-
ups of IBD might be triggered by the impaired function of the intestinal barrier and a
dysregulated immune response to the gut microbiota[5,6].

Treatment of  IBD with aminosalicylates and corticosteroids has been used for
decades with unsatisfactory outcomes due to either their poor effectiveness or side
effects. In recent years, an array of emerging medical therapies including biologic
agents,  immune cell  modulators,  mucosal  barrier  enhancers and stem cells  have
revolutionized IBD treatment[7]. Nevertheless, therapies for IBD have been mostly
empirical rather than based on understanding of the disease etiology. Furthermore,
side effects of long-term medications are inevitable, even though medications are
often initially effective in the majority of patients[8].

It  is currently believed that an imbalance between pro-inflammatory and anti-
inflammatory cytokines exist in patients with IBD, which is closely related to the onset
and development of the disease[9,10].  Additionally,  myeloid leukocytes,  especially
granulocytes  and monocytes,  have been shown to  play an important  role  in  the
occurrence and development of IBD[11,12]. Based on this theory, selective granulocytes
and monocytes apheresis (GMA) therapy targeting these cells and subsequently on
inflammatory cytokines was invented and applied to IBD patients in Japan about 20
years ago. It has been generally accepted that GMA therapy is a non-pharmacological
therapeutic  option  for  IBD  patients  due  to  its  good  therapeutic  effect  and
incomparable safety, especially when conventional therapies are ineffective[13,14]. This
article reviews the past history, present application, and future prospect of GMA
therapy for patients with IBD.

GMA HISTORY
The term “apheresis” is from the Greek “apairesos” or Roman “aphairesis” meaning to
remove or take away something by force or a withdrawal. Before modern medicine, it
was a common way to treat diseases, e.g., by bloodletting. At that time, it was thought
that the goal of treatment could be achieved by eliminating pathogenic factors from
the  blood[15].  The  removal  of  plasma  and  return  of  red  blood  cells  was  first
demonstrated in research animals at Johns Hopkins University in 1914. Since then,
apheresis  technology  was  gradually  used  in  clinics,  including  centrifugation,
plasmapheresis, plateletpheresis, photopheresis, etc. The technique of selective GMA
originated from the separation of blood cells.

As early as the beginning of the 20th century, centrifugation was used to selectively
remove blood components that were thought to activate or promote the occurrence of
diseases to achieve a therapeutic goal through non-drug therapy. Separation of blood
cells was first used for leukemia, tumors, rheumatoid arthritis and other diseases and
later  gradually  applied  to  treat  IBD[16].  However,  centrifugation  has  certain
disadvantages of being expensive to perform and difficult to handle.

In the 1980s, a novel extracorporeal leukocyte removal filter with a commercial
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name of Cellsorba was developed by Asahi Medical Co. Japan. The filter consists of
non-woven polyester cylindrical fabric. Using this filter, one could partially remove
leukocytes  from  the  whole  blood  during  extracorporeal  circulation,  and  it  was
approved for  therapeutic  use  by  the  Japanese  government  in  1989.  Cellsorba  is
simpler to operate and more efficient in the removal of granulocytes and monocytes
and hence has greater clinical efficacy than centrifugation[16]. It has been found that the
Cellsorba column is capable of removing about 1.6 × 1010 white blood cells per session
including almost 100% of neutrophils and monocytes and 30%-60% of lymphocytes.

Studies have shown that the leukocyte removal filter could reduce the number of
activated leukocytes  as  well  as  serum levels  of  pro-inflammatory cytokines[17-19].
Selective  GMA,  also  known  as  granulocytapheresis,  could  selectively  remove
granulocytes and monocytes using a device commercially named Adacolumn, which
was developed by the Japan Immunoresearch Laboratories Co.,  Ltd. of Takasaki,
Japan. The column (G-1 granulocyte removal column) is packed with cellulose acetate
beads. About 65% of granulocytes, 55% of monocytes and a significant fraction of
lymphocytes are removed from peripheral blood passing through the column[20]. In
the early 2000s, Japan national health reimbursement scheme introduced GMA as an
induction of remission therapy for UC patients[21]. In the same year, Adacolumn was
approved by the Ministry of Health of Japan for treating UC patients. Afterwards,
Adacolumn became available for clinical application for IBD patients in the European
Union  countries  after  it  was  CE  marked [22].  From  then  on,  there  have  been
accumulating reports on clinical efficacy and safety of Adacolumn in patients with
IBD from Japan as well as from European countries[23-28]. In 2013, GMA therapy was
approved for Chinese IBD patients by the Government Health Authority, and since
then it has been applied in clinics to treat IBD patients in China mainland[29].

GMA CURRENTLY

GMA equipment
The Adacolumn (G-1 column), 206 mm in length, 60 mm in diameter and 335 mL in
capacity, is made of polycarbonate and filled with 220 g of cellulose acetate beads of 2
mm in diameter (adsorptive carriers) bathed in 130 mL sterile saline[30] (Figure 1)[31].
The Adacolumn apheresis system consists of four components: The column, the blood
circuit lines, Adamonitor and the pump. The column and its blood circuit lines are
allowed for single use. The Adamonitor is the center of the system and is formed by a
blood pump and four other functional units[20,22]. The pump of the Adacolumn system
has special functional units, including a flow rate and time setting panel, a pressure
monitor as well as a fault detecting alarm system. With the help of these functional
units, if the actual pressure of the apheresis blood does not match the preset values,
then the system will alarm and automatically stop working. Likewise, in the event of
other abnormal conditions, the system will recognize it and alarm. Sometimes it will
automatically switch off to ensure the safety of apheresis procedures[22].

Mechanisms of GMA
GMA reduces inflammatory leukocytes and inhibits their infiltration: Elevation in
number and activity of neutrophils and monocytes in peripheral blood contributes to
the  basic  pathophysiology  of  IBD.  In  patients  with  IBD,  peripheral  circulating
activated granulocytes, monocytes and macrophages are increased in number and
subsequently lead to an increased level of circulating pro-inflammatory cytokines and
infiltration of intestinal mucosa by these inflammatory cells, which are significantly
correlated  with  intestinal  inflammation  level[11].  Therefore,  removal  of  these
inflammatory cells should be theoretically beneficial to patients with IBD[9].

Cellulose acetate beads inside the Adacolumn are capable of selectively adsorbing
circulating  neutrophils  and  monocytes  by  binding  to  IgG  fragments  (Fcγ)  and
immune complement complexes[32], which serve as a “connecting bridge” between
leukocytes and the beads (Figure 2).  A significant reduction of CD14(+) CD16(+)
monocytes in peripheral blood of GMA-treated IBD patients can be observed[33]. One
study showed that soluble cell adhesion molecule-1 and soluble vascular cell adhesion
molecule-1 were significantly increased in the peripheral blood of patients with IBD
and closely related to the degree of tissue inflammation[34]. An in vitro study observed
that the concentration of soluble cell adhesion molecule-1 and soluble vascular cell
adhesion molecule-1 in blood samples was significantly decreased after incubation
with acetate beads as adsorption carrier at different temperatures when compared
with that in the control group without acetate beads incubation[35]. Therefore, GMA is
also capable  of  inhibiting leukocyte  migration by downregulating expression of
leukocyte related adhesion molecules and thereby affecting the adhesion between
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Figure 1

Figure 1  Photograph of Adacolumn and scanning electron photomicrograph of the acetate beads after treatment. Adacolumn is filled with cellulose acetate
beads of 2 mm in diameter (adsorptive carriers) bathed in sterile saline. The blood from the antecubital vein of one arm flows into the column and returns to the
antecubital vein in the contralateral arm. A: A low power view (400 ×) of the acetate beads in a column after treatment with cells covering the surface of the carrier; B:
Viewed at 10000 ×. Neutrophils were adsorbed onto the beads; C: Viewed at 12000 ×. Activated monocyte/macrophages are seen (taken by Dr. A. Saniabadi of
Japan Immunoresearch Laboratories). Modified from reference[31].

cells and vascular endothelium at the initial stage. One study indicated that CX3CR1
played  an  important  role  in  regulating  the  dynamic  balance  of  intestinal
macrophages, bacterial translocation and inflammatory effector Th17 response in
patients  with IBD[36].  Pro-inflammatory monocytes  are  able  to  highly express  α4
integrin and CX3CR1 in patients with active UC, while GMA is able to selectively
remove CD14+CD16+CX3CR1+ monocytes  and increase  CD14hiCD16-CCR2low
“immature” monocytes and consequently inhibiting the adhesion and chemotaxis of
pro-inflammatory monocytes to a certain extent[37].

GMA affects functions of other immune cells: One study observed that granulocytes
removable by the Adacolumn from peripheral  blood were mostly CD10-positive
granulocytes, but the number of myeloid CD10-negative premature granulocytes with
low pro-inflammatory function increased significantly  after  GMA therapy.  This
indicates that GMA therapy may play its therapeutic role indirectly by promoting the
migration of “less-inflamed” premature granulocytes from bone marrow to peripheral
blood making the granulocyte level in the peripheral blood unchanged[38]. Another
study showed that the Adacolumn adsorption column was involved in the increased
induction of myeloid-derived suppressor cells, which are strong anti-inflammatory
cells, thus regulating the inflammatory response through immune cells to relieve the
disease [39].  CD4+CD25+Foxp3+Treg  cells  are  necessary  for  the  maintenance  of
autoimmune tolerance. Kamikozuru et al[40] showed that after five sessions of GMA in
active UC patients who achieved remission, the number of CD4+CD25+Foxp3+Treg in
the peripheral blood increased to the level of the normal control group at the 10th wk.
A clinical study by Muratov et al[41]  showed that CD4+  T cells producing IFN-γ in
peripheral blood of active IBD patients were significantly reduced after GMA therapy,
and Waitz et al[42] found that the number of myeloid dendritic cells in the peripheral
blood of patients with active UC was significantly higher than that of the normal
control group. However, the number of myeloid dendritic cells in peripheral blood
after GMA therapy was significantly lower. The mechanism may be that dendritic
cells can express a variety of receptors, including Fc gamma, which can be absorbed
by the cellulose acetate beads of the Adacolumn, resulting in a transient decline of
dendritic cells in the peripheral blood and increase intestinal tolerance to different
antigens.
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Figure 2

Figure 2  A schematic diagram of the selective adhesion of myeloid granulocyte and monocyte to cellulose
acetate carriers. Cellulose acetate beads inside the Adacolumn are capable of selectively adsorbing circulating
neutrophils and monocytes by binding to IgG fragments (Fcγ) and immune complements complexes. Lymphocytes
are not absorbed as they rarely express complement receptor. Modified from reference[31].

GMA regulates  pro-inflammatory and anti-inflammatory cytokines:  As  a  pro-
inflammatory cytokine, TNF-α plays a very important role in IBD. Its level in active
IBD patients is significantly higher than that in normal subjects. One study showed
that GMA therapy could significantly decrease peripheral blood levels of TNF-α, IL-
1β, IL-6 and IL-8 in active IBD patients to alleviate the disease[38], and the intestinal
tissue levels of these cytokines were significantly lowered in IBD patients who had
achieved  clinical  or  endoscopic  remission  but  remained  unchanged  in  patients
without  remission  after  GMA  therapy[43].  It  is  known  that  TGF-β1  is  a  kind  of
pleiotropic cytokine as well as the most powerful intestinal immunosuppressant.
Cellulose acetate in the Adacolumn can absorb soluble human leukocyte antigen I in
peripheral blood, and soluble human leukocyte antigen I induces the production and
release of soluble Fas ligand, which further leads to the production of TGF-β1[44,45],
hence inducing the immune suppression effect. On one hand, IL-1, including IL-1α
and IL-1β, is the major pro-inflammatory cytokine in the early inflammatory response
and is significantly enhanced in its expression in the inflamed intestinal tissues, which
is correlated well with the disease activity. On the other hand, IL-1Ra, a strong anti-
inflammatory inhibitor of IL-1, is increased in active UC patients who responded well
to GMA therapy, but no significant change is seen in IL-1Ra levels in patients who did
not  respond to  GMA therapy[46].  This  means that  balance of  IL-1Ra/IL-1  is  very
important in regulating inflammatory response in IBD patients.

GMA for IBD
GMA for UC: The first clinical trial of GMA for UC was reported in 2001. It was a
multicenter controlled study with a total of 53 patients with active UC receiving five
sessions in consecutive weeks of GMA therapy in combination with prednisolone at
14 hospitals in Japan[21]. By the 7th wk, 58.5% of the patients had achieved remission or
improved, and prednisolone dosage was gradually reduced. Only eight non-severe
adverse events in 5 patients were reported. Therefore, the first clinical trial indicated
that GMA was a potentially effective and safe way to induce remission as well as
tapering steroid dosage[21].  Since then, a large number of clinical applications and
studies have been conducted in Japan, most of which showed satisfactory clinical and
endoscopic outcomes and proved that  GMA is an effective and safe way for UC
patients who experienced tapering of corticosteroids as well as lowering the colon
resection rate[24,47-54]. A significant study was reported in 2009 by Hibi et al[55] in which
656 severe or refractory UC patients in 53 medical institutions were observed over 7
years. The results showed the clinical response rates of severe, moderate and mild
patients were 63.2%, 65.7% and 80.4%, respectively. Patients treated with GMA had a
lower clinical recurrence rate and longer sustained remission.

In recent years, biologic agents and immunosuppressants have been increasingly
used in IBD. However, some IBD patients responded poorly to these agents. Many
clinical trials were conducted to observe the effect of GMA for IBD patients who failed
or were refractory to pharmacological therapy. D'Ovidio et al[24] treated 12 mild to
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moderate steroid-dependent/refractory UC patients by GMA. After 6 wk, mucosal
healing was accomplished in 3 patients, partial mucosal healing in 8 patients, and 1
patient had no response.  In 2016,  in a single-arm, open-label,  multicenter trial[56]

conducted in 18 centers in the United Kingdom, France and Germany, 84 moderate-
to-severe  active  UC  patients  having  poor  response  or  intolerance  to  immuno-
suppressant and/or biologics were enrolled. Each patient received GMA therapy of
one session per week with the Adacolumn. After continuous apheresis for 12 wk, 33
of the 84 patients achieved clinical remission, and 47 achieved a clinical response. For
patients  with  previous  immunosuppressant  and/or  biologic  failure,  the  clinical
remission rate was 30.0%. Similar results were also found from other reports[50,57].
These studies indicated that the Adacolumn apheresis is effective in induction of
remission in patients with steroid-dependent UC who failed immunosuppressant
and/or biological agents.

Apart from these clinical trials aiming at induction of remission, the effectiveness of
maintenance in UC patients treated with GMA was also observed. In a multicenter
study at 24 medical institutions in Italy[58], a total of 230 patients (including 194 UC
patients) received at least one session of GMA therapy and were then followed up for
1 year. The results showed that 77.7% of UC patients obtained positive outcomes at 3
mo and 87.1% at  12  mo.  Similar  results  were also observed in  other  studies[27,41].
Furthermore, it seems to be equally effective in relapsed patients who have achieved
remission by previous GMA therapy[59].

In  2011,  a  retrospective,  observational,  multicenter  study  was  conducted  for
cytomegalovirus (CMV) positive UC patients[60].  In this study, CMV-positive UC
patients  were  treated  with  either  additional  GMA  (11  patients)  or  immuno-
suppressant (9 patients) after ineffective antiviral treatment. In the GMA group, 9
patients achieved remission and 2 underwent colectomy. In the immunosuppressant
group, 4 achieved remission but 5 underwent colectomy. Therefore, it was concluded
from this study that GMA was more effective in UC patients with opportunistic CMV
infection  as  compared  with  conventional  drugs  like  immunosuppressants.
Nevertheless, additional studies for GMA therapy for CMV-positive IBD patients
need be performed in the future because a conclusion should be reached with care
from  this  retrospective  study  with  a  small  sample  size.  However,  this  study
demonstrated  that  GMA  was  safer  than  immunosuppressants  in  patients  with
opportunistic infections.

Relapse  is  an  unlucky  clinical  feature  of  patients  with  UC.  An  open-label,
prospective,  randomized,  controlled  study[61]  from  the  United  Kingdom  was
conducted aiming at prevention of relapse in UC patients by GMA therapy. Sixty UC
patients in remission but with fecal calprotectin over 250 mg/g (at high risk of clinical
relapse) were enrolled. Twenty-nine patients received five sessions of weekly GMA,
and thirty-one patients were kept on maintenance therapy. After 6 mo follow-up,
72.4% of the GMA-treated patients were still in remission, while only 32.3% in the
control group were still in remission. Therefore, it was concluded from the studies
above that selective leukocytapheresis significantly reduces recurrence rates and
delays the time to relapse. Furthermore, GMA in combination with biologics also
yielded satisfactory clinical outcomes. In a retrospective study reported by Tanida et
al[62]  in  2018,  nine  refractory  UC  patients  received  combination  therapy  with
adalimumab plus intensive GMA. Over half of the nine patients displayed clinical
remission  at  10  wk,  and 33.3% displayed remission  at  52  wk under  subsequent
maintenance monotherapy of adalimumab.

Although GMA therapy has been proven effective and safe in patients with UC,
there was a report with contradictory results. In a randomized, prospective, double-
blind,  sham-controlled  trial[63]  conducted  at  36  centers  in  the  United  States  and
Canada, 168 patients with moderate to severe active UC were enrolled and assigned
randomly to either GMA group (84 patients) or sham-treatment group (84 patients).
The results showed that the clinical remission and response rate in the GMA group
were 17% and 44%, respectively, while the clinical remission and response rate in the
sham-treatment group were 11% and 39%, respectively. No differences between the
two groups were found indicating that GMA was unsatisfactory in treating patients
with moderate to severe UC. The conclusion from this study contradicts that from the
majority of other studies. It is known that the best responders to GMA therapy are UC
patients of short disease duration with no previous medications and steroid naïve UC
patients[53,64]. So the possible explanation for this contradiction may be that patients
enrolled in this trial did not fall into the category of best responders.

In summary,  GMA is an effective and safe therapeutic  option for moderate to
severe UC patients,  particularly for those who are refractory to or dependent on
corticosteroids, which can be tapered or avoided. At present, no one can conclude that
GMA can be used as a first-line therapy, but at  least  as an alternative choice for
patients with UC (Figures 3 and 4).
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Figure 3

Figure 3  Endoscopic photographs of an ulcerative colitis patient who responded well to selective
granulocyte and monocyte apheresis. A: Endoscopic photograph before granulocytes and monocytes apheresis
therapy; B: Endoscopic photograph after ten sessions of granulocytes and monocytes apheresis therapy.

GMA for CD: The efficacy of GMA in patients with CD was first reported by Matsui
et al[65], who treated 7 CD patients refractory to conventional therapy. The patients
received  five  or  six  sessions  of  weekly  GMA in  combination  with  the  previous
conventional therapy. The results showed that 5 patients achieved clinical remission
while the other 2 patients did not respond. In another clinical study that enrolled 21
active CD patients, all of the patients achieved significant improvement 7 wk after
weekly GMA for 5 consecutive weeks as an adjunct to conventional therapy evaluated
by CDAI, IOIBD and IBDQ scores[66]. Apart from the studies showing the usefulness of
GMA, other clinical studies including case reports also verified the effectiveness of
GMA in patients with CD[67-70]. In 2018, Tanida et al[71] reported three patients with
refractory CD treated with intensive GMA plus ustekinumab.  At  wk 10,  clinical
remission was achieved for all the patients. Therefore, at present it is believed that
GMA  or  in  combination  with  biologics  can  be  used  to  induce  remission  in  CD
patients.

As for maintenance of remission, a clinical case report from Spain showed that one
steroid-dependent CD patient experienced no clinical and endoscopic relapse for 12
mo with the combination of infliximab and GMA therapy[25]. Another CD patient with
severe fistula refractory to conventional therapy also achieved sustained remission by
GMA  therapy[28].  However,  there  were  a  number  of  CD  patients  who  obtained
disappointing outcomes with GMA therapy. In 2013, a randomized, double-blind,
sham-controlled study was reported by Sands et al[72]. They enrolled 235 patients with
moderate to severe active CD from the United States and Canada, and all the patients
finished ten sessions of GMA therapy. The results showed that clinical remission and
response rate in the GMA group was 17.8% and 28.0%, respectively, while the clinical
remission and response rate  in the sham-treatment group was 19.2% and 26.9%,
respectively. In another clinical study involving 12 patients with steroid dependent
CD who received weekly GMA therapy, only 1 patient experienced no relapse within
6 mo of follow-up in spite of the initial clinical remission in 70% of the patients[57].
From the above data, it seems that the effectiveness of GMA in CD patients is not as
good as in UC as illustrated by a meta-analysis, which concluded that GMA therapy
in UC demonstrated a significant higher clinical efficacy than CD[13].  The possible
reasons for the difference of effectiveness of GMA therapy between UC and CD await
explanation. One possible reason may lie perhaps in the different intestinal neutrophil
infiltration between the small intestine and the colon[14].

Optimizing GMA for IBD: Based on clinical trials, the efficacy rate was as high as
100% for initial UC patients and over 80% for steroid naïve patients[52,53].  The best
responders to GMA therapy are UC patients with short disease duration and no
previous medications and steroid naïve UC patients[32,52,53,73]. In non-responders, deep
colonic  lesions  or  loss  of  extensive  mucosal  tissues  are  usually  observed  by
endoscopic examinations[52,64].  GMA is a time dependent therapy for IBD patients;
several  weeks  may  be  needed  before  achieving  favorable  clinical  outcomes.  In
addition, five sessions of GMA therapy are generally good for patients with a short
course  of  the  disease,  while  patients  with  recurrent  episodes,  especially  steroid
dependent or refractory, usually require ten sessions to achieve remission[32,49,56].

Based on its frequency of sessions, GMA therapy is classified into two therapeutic
protocols:  Regular and intensive GMA. In regular GMA, one session per week is
carried out for five to ten sessions, whereas in intensive GMA, two sessions per week
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Figure 4

Figure 4  Changes of Mayo scores in 30 ulcerative colitis patients at entry and after ten granulocytes and
monocytes apheresis sessions. Mayo scores were significantly decreased after ten granulocytes and monocytes
apheresis sessions compared with that at entry[29]. GMA: Granulocytes and monocytes apheresis.

are  required  for  a  total  of  five  to  ten  sessions[52,55].  Sakuraba  et  al[74]  reported  a
prospective multicenter study involving 112 UC patients who were divided into two
groups: Regular GMA group and intensive GMA group. The results showed that
intensive GMA therapy has a significantly higher remission rate than regular GMA
therapy. Treatment duration and volume of blood infusion in the Adacolumn of a
single GMA session may also influence the effectiveness of GMA as seen in the study
by Kanke et al[51]. They showed that 90 min for each GMA session has a significant
better  outcome  as  compared  to  routine  60  min  of  treatment.  Yoshimura  et  al[75]

attempted to increase the blood volume perfusion from 1800 mL to over 3000 mL per
GMA session, which seemed to have yielded a significantly better clinical outcome
with no safety concerns.

GMA for special IBD patients
GMA for children and adolescent IBD patients: IBD is featured by its high morbidity
in children and adolescents in whom growth and development may be affected by the
disease and by the supposed life-long pharmacological treatment as well. Therefore,
non-pharmacological treatment appears to bear significant importance for children
and adolescent IBD patients[76].

In 2003, the first clinical report of GMA therapy for pediatric IBD patients was
published by Tomomasa et al[77]. They treated 12 steroid-refractory IBD children with
an average age of 12 years using GMA therapy (five to ten sessions). Nine of the
twelve patients achieved clinical remission, and two patients had no response. The
dosage of steroid was tapered in all patients. Four of the nine patients relapsed in an
average  of  3.5  mo  after  the  last  GMA  session.  The  other  patients  remained  in
remission until  an average of 22.8 mo. Similar results had also been reported by
Ruuska et al[78]. In a single center trial[79], a total of 24 children and adolescents with
IBD who failed mesalazine or sulphasalazine were enrolled. After GMA therapy in
combination with prednisolone, all the patients obtained remission. Furthermore, in a
clinical trial[80] involving 53 pediatric/adolescent patients, the incidence of adverse
events was 18.9%, a figure, however, higher than that in all 437 patients (11.4%).

From  most  of  the  above  studies,  one  can  see  that  GMA  is  effective  and  well
tolerated in children and adolescent IBD patients who have failed conventional drug
therapy, and GMA in combination corticosteroids yielded better clinical outcomes.
However, there have been no sufficient clinical data to verify the effectiveness of
GMA therapy in children and adolescents IBD patients, so more clinical studies are
needed to address this question.

GMA for pregnant IBD patients: Clinical and epidemiological studies have shown
that the fertility period was usually at the peak incidence of IBD patients, and the
disease  itself  is  an  important  risk  factor  for  pregnancy.  The fertility  rate  of  IBD
patients is significantly lower than that of healthy people due to disease activity,
nutritional status, surgery and drug treatment. Therefore, it is challenging to manage
pregnant IBD patients[81,82]. Theoretically speaking, GMA therapy could be safe and
effective for pregnant IBD patients. However, at present most of the published studies
were case reports. In 2006, Okada et al[83] reported a 30-year-old pregnant woman of 13
wk  gestation  with  severe  steroid-dependent  UC  who  was  treated  by  Cellsorba
leukocytapheresis. The patient successfully achieved a rapid improvement after the
first  GMA session,  and  clinical  remission  was  obtained  2  wk  later.  The  patient
delivered a full-term healthy baby during the remission stage. Another three case

WJGP https://www.wjgnet.com May 12, 2020 Volume 11 Issue 3

Chen XL et al. GMA in IBD

50



reports involving 5 pregnant UC patients showed satisfactory responses to GMA
therapy with smooth delivery and an absence of adverse events[84-86].

Although evidence of effectiveness of GMA in pregnant IBD patients are based
upon case reports, it might become the first-line therapy for pregnant IBD patients
due to its safety. Of course, more research is needed before GMA therapy is generally
accepted as the first-line therapy for pregnant IBD patients.

Safety of GMA
As  a  non-pharmacological  therapy,  GMA  is  incomparable  to  other  therapies
regarding its safety[87]. The largest clinical study to date was performed by Hibi et al[55]

who followed 656 UC patients treated by GMA from 53 centers in Japan starting in
2009 for 7 years. The results showed that GMA therapy had a very high safety profile
with only mild or moderate adverse events related to GMA. In a multicenter study[21],
a total of 53 patients were treated with GMA therapy in combination with prednisone
for 5 wk. Only eight mild adverse events were observed in 5 patients, and no patients
ceased  the  treatment  due  to  adverse  events.  In  another  study,  no  significant
differences regarding safety were found between patients receiving five and ten GMA
sessions as reported by Dignass et al[88] who divided 196 patients with moderate to
severe steroid-dependent or steroid-refractory UC into two groups of five and ten
GMA sessions.

In a meta-analysis report involving nine randomized trials of GMA therapy[13,89], the
most common adverse events were headache and flushing, and patients treated with
GMA had a significant lower incidence of side effects than conventional therapies, i.e.
corticosteroids.  Besides,  no  serious  adverse  reactions  had  been  reported  in  the
children and pregnant women IBD patients who received GMA therapy[78,84,90].

The  use  of  anticoagulant  is  indispensable  for  GMA  therapy.  Sawada  et  al[91]

analyzed 832 patients from 116 medical facilities in Japan for safety of anticoagulant
use  of  nafamostat  mesylate  or  heparin.  The  main  side  effects  in  patients  using
nafamostat mesylate were mild headache (2.2%), nausea (1.3%) and fever (0.9%),
while in patient using heparin, the main side effects were decreased platelet count
(2.7%), nasal congestion (1.8%) and pain in the vascular access sites (1.8%). Apart from
these mild side effects, no serious adverse events were observed in patients using
either nafamostat mesylate or heparin. In summary, adverse events of GMA therapy
are rare, mild and well tolerated.

FUTURE OF GMA
As a non-pharmacological therapy, GMA has been demonstrated to be effective and
safe for patients with IBD. Nevertheless, most of the clinical trials and literature of
GMA therapy came from Japan. It has not been used extensively on a global scale,
particularly  in  China,  although it  was  approved by China State  Food and Drug
Administration for IBD patients in 2013. Furthermore, its effectiveness in IBD patients,
particularly in CD patients, was doubted by some authors especially in a biological
era when many biologic agents and immunosuppressants have been extensively used
for IBD. Besides, price is also one of the main factors limiting the clinical usage of
GMA therapy when cost-effectiveness perplexes both doctors and patients. Therefore,
much needs to be done before it  can be accepted as a therapeutic option for IBD
patients worldwide.

Mechanisms of GMA
GMA  targets  inflammatory  immune  cells  such  as  granulocytes  and  monocytes
/macrophages to alleviate intestinal inflammation in IBD patients[14].  In addition,
other immune cells such as T cells, B cells and dendritic cells are also involved in the
pathogenesis of IBD[40,42]. At present, although there have been a few studies on the
influence of GMA on these immune cells[40-42], it is unknow how they contribute to the
clinical effectiveness of GMA in patients with IBD. It is known that gut microbiota
play an important role in the pathogenesis of IBD[6,92], but research must be done to
determine whether GMA therapy influences the gut  microbiota.  One study (our
unpublished data) has shown that the unfavorable gut microbiota could be improved
by GMA therapy in patients with UC. It is possible that GMA therapy could exert its
therapeutic effect by improving the steady state of gut microbiota in IBD patients.
However, more studies are needed before we are able to answer these questions.

Re-evaluation of GMA:  Many reports have verified the effectiveness of GMA for
induction of remission in IBD especially in UC patients. However, most of them were
case reports or clinical trials of small size from Japan and Europe. Therefore, more
large-scale,  multicenter  prospective  studies  are  needed  to  further  verify  the
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effectiveness of GMA therapy for IBD. Furthermore, the effectiveness of GMA therapy
in  CD patients  is  controversial  in  limited  clinical  trials  to  date.  Although GMA
therapy may be effective for induction of remission in patients with relapsed UC,
future studies should be focused on its effectiveness as a maintenance therapy[76,93].
Besides, it is also worth looking for predictive factors for responders to GMA therapy.

GMA for special IBD patients
The effectiveness of GMA has been verified in children and adolescent IBD patients[94].
In theory, GMA can be used in IBD patients of any age, but there are limited clinical
trials  of  GMA in children and adolescent IBD patients.  Due to the differences in
disease characteristics,  body weight and circulatory status between children and
adults, future studies are needed to determine the appropriate candidates as well as
safety of  GMA therapy for  children and adolescent  IBD patients.  Fetal  safety in
pregnant patients with IBD who receive pharmacological treatment during pregnancy
has always been a common concern of both doctors and patients. Although most of
the drugs for IBD patients are at  relatively low risk to fetal  safety,  there are still
insufficient  data  to  prove  that  various  drugs  are  safe  for  patients  with  IBD  in
pregnancy in terms of miscarriage or malformation. Therefore, the choice of drugs for
patients with IBD during pregnancy is difficult for both doctors and patients[83,84].
Because it  is  a  non-pharmacological  technique in  which no any medications are
involved during the procedures, GMA is much safer for IBD patients in pregnancy as
evidenced  by  several  clinical  reports[83-85].  However,  future  clinical  trials  and
observation of large-scale trials are needed before GMA becomes accepted as a safe
and effective therapy for IBD patients during pregnancy.

GMA for other autoimmune diseases
GMA therapy was invented by Japanese scholars for patients with IBD. Due to its
effectiveness and safety, especially its effect on anti-inflammatory cytokines, GMA
therapy has also been used to treat other autoimmune diseases. In Italy, Morabito et
al[95] treated nine patients with alcoholic hepatitis with GMA. The results showed that
GMA therapy could  reduce  circulating  inflammatory  markers  and improve  the
patient’s clinical status. In addition, GMA also has therapeutic effects on patients with
Bechet’s disease[96] and rheumatoid arthritis[97]. With more clinical applications, it is
hopeful that GMA therapy could be used clinically for other autoimmune diseases
apart from IBD.
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