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Abstract

Leukocytapheresis, a blood purification therapy, exerts anti-inflammatory effects by removing activated leukocytes from the
peripheral blood through extracorporeal circulation. It is a potential option of treatment for patients with inflammatory bowel
diseases (IBD), especially those with ulcerative colitis (UC), who do not respond to conventional therapy. Given that it has a fa-
vourable safety profile and seems to have steroid sparing effects, its position in the treatment of UC is likely to expand. However,
there is inadequate evidence to draw any conclusions about the efficacy of leukocytapheresis in patients with Crohn’s disease,
and it should only be used in accordance with special arrangements for consent. Considering the current level of knowledge, it
is essential to conduct large, well-designed, randomized clinical trials to evaluate the effects of leukocytapheresis in the man-

agement of IBD patients.

Introduction

Inflammatory bowel diseases (IBD) such as Crohn’s
disease (CD) and ulcerative colitis (UC) are chronic dis-
ease of multifactorial aetiology. Our knowledge of the
inflammatory mechanism taking part in such diseases
has improved in recent years but is still insufficient [1].
Currently available therapy is aimed at nonspecific re-
duction of inflammation and includes anti-inflammato-
ry and immunosuppressive treatment [2, 3]. The most
effective therapy for patients who do not respond to
conventional medications is biological treatment with
anti-tumour necrosis factor-a. (TNF-a) antibodies, anti-
integrin, or anti-interleukin agents [4], which have
changed the approach to the IBD treatment; however,
not every patient responds to this treatment, and lack
of response is relatively frequent [5, 6].

The IBD patients who have active disease in spite of
steroids, immunomodulators, or biologic therapy repre-
sent a population that is particularly difficult to treat.
Other therapeutic methods should be under investiga-
tion, and they are eagerly awaited. One potential option
of treatment for IBD patients, in particular those with

UG, is leukocytapheresis, a blood purification therapy
that exerts anti-inflammatory effects by removing acti-
vated leukocytes from the peripheral blood through an
extracorporeal circulation. It is known that patients with
active IBD have elevated myeloid leucocytes, such as
the CD14+CD16+ monocytes, which are a major sourc-
es of TNF-a [7]. In selected patients, leukocytapheresis
may be an effective complement for conventional treat-
ment and are a considered therapeutic option when im-
munosuppressive and biologic treatment has no effect
or has been discontinued due to adverse effects, and
when a patient is not a good candidate for surgical
treatment because of a comorbidity.
Leukocytapheresis for treatment of UC patients
has been used in some European and Asian countries
for several years [8, 9]. In 2000 it was approved by the
Japanese Ministry of Health as a treatment option for
patients with active UC, and it is recommended for
steroid-refractory or steroid-dependent patients with
moderate to severe UC. It can be performed a maxi-
mum of 10 times under public insurance coverage in
Japan [9]. Some studies have suggested that selective
apheresis may be of benefit as a steroid-sparing treat-
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ment [10, 11]. Moreover, unlike conventional pharma-
cological therapy, leukocytapheresis may be associated
with a low rate of adverse events. However, most of the
published studies are non-controlled, without a place-
bo arm, and with different leukocytapheresis regimens.
Because the cost of this treatment is relatively expen-
sive, further randomized controlled trials are necessary
to identify patients who respond well to the aphere-
sis procedure. It might be helpful in selected patients
with active UC where satisfactory effects have not been
achieved on corticosteroids, or immunosuppressive or
biologic therapy.

Leukocytapheresis technique

Leukocytapheresis aims to reduce the number of
white blood cells to dampen the inflammatory reaction.
The peripheral blood is passed extracorporeally through
a removable column or fibre filter that adsorbs leuko-
cytes while the remaining blood is returned to the pa-
tient though a separate intravenous line [12]. Currently,
2 selective adsorption apheresis devices are approved
which removed different populations of white blood
cells. The Cellsorba system, which contains nonwoven
polyester fibres, removes granulocytes, monocytes, lym-
phocytes, and some platelets. The Adacolumn system
contains cellulose diacetate beads that adhere to Fcy
receptors on granulocytes and monocytes, and selec-
tively removes them without significantly affecting lym-
phocytes or platelets. During granulomonocytapheresis
(GMA) the column carriers adsorb about 65% of gran-
ulocytes, 55% of monocytes, and a small fraction of
lymphocytes from the blood in the column [13]. In each
system, venous blood is removed in a continuous flow,
anticoagulated, processed to deplete the leucocytes, and
returned to the circulation [14]. Leukocytapheresis is
usually repeated 1-3 times per week for 5-8 weeks; the
frequency is determined mainly based on the severity of
disease and on the patient’s tolerance, and the protocol
of the procedure is not clearly established [9, 15].

The impact of leukocytapheresis on the immune
system is potentially very interesting, and the benefits
of this treatment are more than just the removal of ac-
tivated white blood cells. Depletion of granulocytes and
monocytes by GMA was associated with reduction of
circulating cytokines. These observations support the
assumption that peripheral blood granulocytes and
monocytes influence the circulating levels of cytokines
and should be appropriate targets of the GMA therapy
[13, 16]. The diverted leukocytes are replaced by naive
leukocytes from the bone marrow or peripheral pool-
ing sites. As a result, there is a decrease in leukocyte
expression of adhesion molecules and reactive oxygen
species. Leukocytapheresis has also been shown to
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modulate levels of proinflammatory cytokines such as
TNF-a,, interleukins, as IL-1B, IL-6, and IL-8, and reduces
cell-surface levels of L-selectin, a molecule that plays
a key role in initiating leukocyte adhesion to the vascu-
lar endothelium [7, 13, 14]. Moreover, adsorbed granu-
locytes and monocytes release IL-1 receptor antagonist,
hepatocyte growth factor, and soluble TNF-a. receptors,
which are anti-inflammatory factors [7].

Leukocytapheresis efficacy in
ulcerative colitis

The data obtained from published studies are gen-
erally quite consistent: apheresis may be a therapeutic
option for steroid-dependent UC and may be a useful
therapy after the failure of conventional treatments. In
the majority of published studies, a remission rate of
39-71% has been achieved in patients with steroid-de-
pendent or steroid-refractory UC, and the steroid-spar-
ing effects of this treatment have been proven [8, 9,
15, 17, 18]. However, some of the reported data failed
to prove the benefits of apheresis treatment [19, 20].
Moreover, some of the studies concerning leukocyta-
pheresis in UC patients are unblinded, with single-arm
design, meaning that statistical comparisons could not
be performed.

According to published data, the different types of
apheresis were similarly effective in the therapy of pa-
tients with moderate to severe UC. In the study of Yama-
saki et al. 94 patients were randomly assigned to one of
2 treatments: leukocytapheresis or GMA apheresis. The
therapeutic response rate was 82% for GMA and 70%
for leukocytapheresis without a statistically significant
difference between analysed apheresis systems [21].

In a large, prospective, observational study of 623
UC patients treated by leukocytapheresis the clinical
remission rates in mild, moderate, and severe UC were
79.5%, 67.6%, and 67.2%, respectively, showing no sig-
nificant difference between the groups. Moreover, there
was no difference between the clinical remission rates
in the steroid-resistant, steroid-dependent, and nonre-
fractory patients [15]. In 2016 the results of the ART
(Adacolumn in Refractory UC Patients Trial) study were
also published. The included patients were steroid-de-
pendent with refractory active UC with insufficient re-
sponse or intolerance to immunosuppressants and/or
biologic agents. After Adacolumn treatment remission
was observed in 40.3% of patients who failed on im-
munosuppressants and 27.8% of those who failed on
anti-TNF-a treatment. The authors concluded that GMA
treatment provided a positive clinical benefit in terms of
UC remission in a difficult group of patients with limited
effective treatment options [8].
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A recently published, multicentre study by Yamamoto
et al. included patients with Mayo score of > 6 and ac-
tive UC despite receiving 1 or more of the medications:
5-aminosalicylic acid, corticosteroids, immunosuppres-
sant, or biologic therapy. The patients with a leukocyte
count of < 2000/mm?3, serious infection, and bleeding
were excluded from the study. Clinical remission after
GMA treatment was achieved in 47% of patients, and
improvement was observed in another 25%. The au-
thors reported that patients with a short duration of UC
(less than 1 year), with first UC episode, steroid naive,
as well as biologic naive responded better to GMA [9].
Another interesting study was conducted to determine
if the introduction of GMA at an early stage reduces cor-
ticosteroid doses and steroid dependency in the 5-year
follow-up period. The study included 40 consecutive pa-
tients with moderately active symptoms as the first exac-
erbation of UC. Twenty patients were treated with GMA,
with or without corticosteroids (apheresis group), and
20 patients only with corticosteroids (steroid group).
During a follow-up period, the mean dose of steroid was
significantly lower in the apheresis group than in the ste-
roid group. Furthermore, the incidence of steroid-depen-
dence was significantly lower in the apheresis group at the
end of the follow-up period (5% versus 35%; p < 0.05) [10].

The recommended apheresis protocol in active UC
has not been established. In a Spanish study the effica-
cy and safety of different GMA protocols in steroid-de-
pendent UC patients were evaluated. The patients were
randomly assigned to receive 5 or 10 GMA sessions
over 5 or 10 consecutive weeks, respectively. There was
no statistically significant difference in clinical remis-
sion achievement; however, patients from group 2 re-
quired fewer doses of steroids [22]. However, in the me-
ta-analysis of 9 clinical trials concerning GMA therapy,
intensive apheresis (> 2 sessions per week) was more
effective than weekly apheresis for inducing clinical re-
mission in UC patients [11].

Apheresis may be also a promising therapeutic op-
tion in patients with UC and cytomegalovirus (CMV)
infection. Co-incidence of those diseases is often re-
fractory to immunosuppressive therapies, and GMA
treatment may be helpful in selected patients. Yoshino
et al. analysed 11 patients with UC and CMV infection
who did not achieve remission after pharmacological UC
treatment and antiviral therapy with ganciclovir. Patients
were qualified for repeated GMA sessions. Nine of them
achieved clinical remission, however in 2 patients colec-
tomy was required because of refractory UC. CMV-DNA
was not detected in all 11 patients after GMA. The au-
thors concluded that GMA might be a safe and effective
therapeutic option for UC patients positive for CMV, and
it may be considered in selected patients [23].

However, the observed mucosal healing rate is usually
lower than the clinical remission rate in analysed patients.
In the study of Shimoyama et al. only 28% of UC patients
achieved endoscopic remission after GMA treatment,
and mucosal healing was more frequently observed in
patients with moderate endoscopic activity at entry ver-
sus those with severe endoscopic activity. Moreover, the
relapse rate was significantly higher in patients who did
not achieve mucosal healing during GMA therapy [24].

However, as mentioned above, not all studies in UC
patients have shown the effectiveness of apheresis treat-
ment. The largest randomized, double-blind, sham-con-
trolled study of Adacolumn therapy failed to demonstrate
efficacy for the induction of clinical remission or response
in patients with moderate-to-severe UC. The clinical trial
included 168 patients from North American centres and
47 from centres in Europe or Japan. The clinical remission
rates were 17% for the GMA and 11% for the sham-treat-
ment groups, respectively, and the difference was not
statistically significant. Similarly, no changes were ob-
served for the apheresis- and sham-treatment groups for
endoscopic remission, and changes in Mayo and quality
life scores [19]. The same results were reported by Do-
menech et al. in analysis of efficacy and safety of adding
GMA to oral prednisone in patients with steroid-depen-
dent UC. The authors concluded that the addition of
7 weekly sessions of GMA to a conventional course of
oral prednisone did not increase the proportion of ste-
roid-free remissions in patients with active steroid-de-
pendent UC, although it delayed clinical relapse [20].

Moreover, the literature is conflicted regarding the
maintenance benefit of apheresis therapy. Some reports
are highly suggestive of a prolonged remission or re-
sponse in a maintenance experience [11, 18, 25, 26],
others are unfavourable [27]. lida et al. reported that
among patients who responded to GMA, the 3-year
sustained clinical remission rates in steroid naive, ste-
roid-dependent, and steroid-refractory subgroups were
83.3%, 68.8%, and 23.1%, respectively. Steroid-naive
patients appeared to benefit the most from the GMA
treatment, and attain a favourable long-term clinical
course [25]. However, from a clinical point of view,
apheresis is not the first line of recommended thera-
py of UC patients, before corticosteroid treatment. In
a recently published study, the long-term outcome of
GMA apheresis in steroid-dependent active UC patients
with insufficient response to immunosuppressants and/
or TNF inhibitors was assessed. Of 94 patients, ste-
roid-free remission was achieved in 34% patients at
week 24, and in 33% at week 48 [26].

In the other hand, in an Italian study, all UC patients
who responded to apheresis therapy were followed up
for 12 months after GMA, and no additional treatment
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was added. At the 9" months of follow-up, 6 of 8 UC
patients were still in clinical remission; however, at the
12™ month of follow-up, only 1 of 8 UC patients main-
tained remission [27]. It was also observed that the risk
factor for early relapse after apheresis treatment was
younger age. The 5-year relapse-free rate in patients
aged > 40 years was 49.9%, which was significantly
higher than that in patients aged < 40 years (22.9%,
p < 0.01) [21]. Considering these results this therapeutic
procedure may have potential for treatment in selected
UC patients not responding to conventional therapy;
however, further randomized studies are necessary.

Leukocytapheresis efficacy in Crohn’s
disease

The efficacy of apheresis therapy in CD patients is
still controversial and not sufficiently proven, mainly be-
cause of a lack of sufficient proper studies [18, 28, 29].
So far, most of research has been focused on analysing
leukocytapheresis in patients with UC, which can be
caused by differentials in disease locations and connect-
ed with this disparity of inflammatory lymphocytes with-
in the inflamed tissues. Lesions located in the colon or
in the rectum are strongly affected by neutrophils, while
changes in the small intestine in IBD do not have a pre-
cisely understood role in myeloid lineage leucocytes [30].

However, several studies have described apheresis
as a therapeutic option also in patients with CD. In an
Italian, prospective, observational study 35 CD patients
who failed to respond or were dependent on steroid
therapy were treated with GMA once a week for 5 con-
secutive weeks. Clinical remission was observed in 63%
of these patients, and at 6 months it was maintained by
54% of patients. Moreover, after this treatment a rele-
vant proportion of patients (43%) were still in remission
after 12 months [18].

Unfortunately, most of the previously reported stud-
ies for GMA in CD examined small numbers patients
and were open-label trials. In one such study 7 CD pa-
tients who did not respond to conventional therapy
were treated by GMA sessions for 5 consecutive weeks.
This treatment induced remission in 5 of 7 patients for
up to 1 year [28]. In the study of Kusaka et al. 6 patients
with active CD unresponsive to conventional medica-
tions received GMA treatment. Three of them respond-
ed to the therapy, but only in 1 case was remission
induced [29]. In another small study analysing GMA
treatment in 18 CD patients, 50% of them achieved
clinical remission [31]. Similarly, Fukuda et al. in their
multicentre Japanese study, including active CD patients
refractory to elemental nutrition therapy, showed sig-
nificant improvements in CD activity index (CDAI) and
quality of life scores after GMA therapy. The leucocyte
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reduction therapy was effective for inducing remission,
with an overall response rate of 52.4% [32]. It is obvi-
ous that these promising data need further randomized,
placebo-controlled clinical trials to assess the efficacy of
apheresis treatment in CD.

In all of the above-mentioned studies the schemes
of GMA treatment were different, and the establish-
ment of an appropriate regimen for this procedure is
required. What is more, the time to achieve remission
of CD should also be taken into consideration. In one
randomized multicentre Japanese study the research-
ers analysed the efficiency of 2 schemes of GMA proce-
dure. They compared weekly GMA to GMA performed in
2 sessions per week and found that intensive GMA and
weekly GMA in those patients have similar remission
rates, but the time to remission was significantly short-
er and was not connected with increased incidence of
side effects in the intensive GMA group [33].

On the other hand, the results of the largest pub-
lished randomized study did not show a benefit of leu-
kocytapheresis in 157 CD patients. The authors reported
that GMA treatment of moderate and severe CD was
well tolerated but did not significantly differ in effec-
tiveness over a sham procedure regarding remission
or clinical response. Clinical remission was achieved
by 17.8% of patients in the GMA group compared with
19.2% of those in the sham control group. Clinical re-
sponse (defined as a > 100-point decrease in CDAI) was
observed in 28% and 26.9% of patients, respectively.
There were also no changes in quality of life between
the analysed groups of patients [34]. Currently, taking
into account the results of published studies, leukocy-
tapheresis is not a recommended procedure in CD due
to the lack of convincing results of published studies.

Leukocytapheresis in extraintestinal
manifestations

Both CD and UC are associated with a variety of
extraintestinal manifestations; some of them, such as
pyoderma gangrenosum, may be particularly difficult
to treat [35, 36]. Extraintestinal manifestations of IBD
are caused by the same inflammatory processes that
cause inflammation in the digestive tract [37]. From all
systems affected by inflammation in IBD patients, skin
diseases contain large numbers of myeloid leucocytes
and T cells [38]. Taking this into account, leukocytapher-
esis may be an appropriate treatment in selected IBD
patients with dermatologic manifestations.

Pyoderma gangrenosum is a skin lesion with necrot-
ic areas of irregular ulceration, present in up to 2% of
IBD patients, particularly in those with UC [39-41]. Un-
til now several cases of pyoderma gangrenosum treat-
ed with leukocytapheresis have been reported in IBD
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patients with good results [42, 43]. One of them was
a case of 19-year-old male patient with severe CD com-
plicated with pyoderma gangrenosum with extensive
refractory skin lesions located on the legs and buttocks.
After 10 sessions of weekly GMA therapy clinical im-
provements were noticed and skin ulcers and eruptions
re-epithelialized [42]. Another published case concerned
a female patient hospitalized because of UC exacerba-
tion and rapidly progressive skin lesions, diagnosed as
a pyoderma gangrenosum. She was treated with intra-
venous steroids and GMA in twice-weekly sessions. Pos-
itive clinical response in both bowel symptoms and skin
lesions was observed even after the 3" GMA session.
At the end of 10 sessions of intensive GMA treatment,
skin ulcers become dry and crusted and colonic lesions
improvements were confirmed by endoscopy [43].

Until now, pyoderma gangrenosum was treated
with leukocytapheresis not only during exacerbation of
IBD but also in remission periods or without concomi-
tant systemic disorders [44, 45]. Japanese researchers
presented a case of 60-year-old woman with UC in re-
mission, who suffered for 7 years from skin ulcers due
to pyoderma gangrenosum. Because it was refractory
to the previous treatment — corticosteroids and immu-
nosuppressants — they chose to use leukocytapheresis
once a week. Dramatic improvements were noticed
even after the first session, and the lesions cleared up
completely 3 months after the 4™ apheresis session
[44]. A case of another young patient suffering from
pyoderma gangrenosum with no systemic disorders
was also published. After the 4t session of once weekly
GMA treatment, skin lesions from his buttock complete-
ly cleared up [45]. The excellent safety profile of GMA
has been also confirmed —in none of above cases were
any side effects of GMA reported.

In the literature a case of a UC patient with Sweet’s
syndrome treated with leukocytapheresis was also re-
ported. The patient was admitted to the hospital with
haematochezia, diarrhoea, fever, and painful erythem-
atous nodules on the face and arms. Histological exam-
ination of skin biopsies confirmed Sweet’s syndrome
with inflammatory cell infiltration composed mainly of
neutrophils without evidence of necrotizing vasculitis.
The patient was treated with prednisolone and leukocy-
tapheresis, and the erythematous nodules on the skin,
as well as the abdominal symptoms, improved [46].

All of these facts makes leukocytapheresis an at-
tractive option of treatment for patients with dermato-
logical manifestations in which conventional therapy is
unsuccessful. However, the lack of randomized prospec-
tive trials performed on large populations means that
standards for treatment of these patients are difficult
to established. There is a need for further data analys-

ing the efficacy of leukocytapheresis in extraintestinal
manifestations in IBD patients.

Safety of leukocytapheresis

Leukocytapheresis is well tolerated and safe, even in
pregnant women and elderly patients [47, 48]. Transient
adverse events were observed in 10-32% of patients,
and the most frequent were headache, nausea, and fe-
ver [8, 9, 15]. These adverse events were not serious in
the majority of patients, but about 2% patients decid-
ed to discontinue the treatment [9]. Leukocytapheresis
does not incorporate immunosuppression, and adverse
events related to infection are very rare, i.e. in 0.4-1.2%
of patients [8, 15]. In the analysis of Dignass et al. anal
abscess was reported in 1 of 86 patients (1.2%), as well
as CMV infection in another patient (1.2%) [8].

Serious adverse events (SAE) were commonly as-
sociated with extracorporeal circulation. The reported
SAE included deep vein thrombosis (0.2%), hypotension
(0,1%), anaphylactic shock after anticoagulant (0.1%),
and infective endocarditis (0.1%) [15]. Due to the nature
of apheresis, vascular access adverse events pose a po-
tential problem for treatment administration; 8-10%
of patients experienced vascular access complications,
defined as the inability to cannulate or no flow [8, 15].

The rate of leukocytapheresis adverse events be-
tween the non-elderly and elderly UC patients (> 65
years) was not different [48]. Moreover, GMA treatment
was effective and safe even in pregnant women with
active UC, despite other treatment [47]. Takahashi et al.
reported the cases of 3 pregnant women who received
Adacolumn granulocytapheresis, with up to 10 sessions
within 3-6 weeks. Two patients achieved complete re-
mission, and 1 patient clinical remission after additional
steroid treatment. There was no SAE, and GMA treat-
ment was assessed as safe and effective in these par-
ticularly difficult to treat patients [48].

Problems of leukocytapheresis in IBD

Most of the published studies are non-controlled,
with a heterogeneous IBD population, and different
leukocytapheresis regiment. The majority of them are
unblinded, with single-arm design, meaning that sta-
tistical comparisons could not be performed. Moreover,
no formal comparison of various treatment strategies
using apheresis has yet been made in order to delin-
eate an optimal treatment scheme. In the other hand,
in some of the studies the analysed population was
composed of patients who are difficult to treat and for
whom the current clinical guidelines are of less use due
to a paucity of therapeutic options.

When selecting a treatment option, the cost is an
important factor. The cost of leukocytapheresis therapy
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is higher as compared with corticosteroids. However, if
leukocytapheresis can spare patients from corticoste-
roids, and reduce the incidence of steroid-dependency,
hospitalization and surgery, in some patients it may be
cost-effective [49]. In a comprehensive study, Panés et al.
reported that in European Union countries the average
annual cost per UC patient treated with conventional
medications was very close to the GMA procedure. The
authors concluded that incorporating GMA in the thera-
peutic management of moderate to severe UC patients is
cost-effective and implies savings related to the reduction
of adverse effects derived from corticosteroid use and to
the decreased number of surgical interventions [50]. Nev-
ertheless, since the cost of GMA therapy is relatively ex-
pensive, it is important to identify patients who respond
well to GMA and avoid futile use of apheresis treatment.

Conclusions

Given that leukocytapheresis has quite a favourable
safety profile, has not been associated with serious long-
term adverse events, and seems to have steroid sparing
effects, its position in the treatment of UC is likely to
expand. Although the evidence level is not striking, the
available data suggest that leukocytapheresis may be
especially useful in active UC where satisfactory effects
have not been achieved from corticosteroids, immuno-
suppressive or biologic therapy. It may be also an attrac-
tive option of treatment for patients with dermatological
manifestations in which conventional therapy was not
successful. However, there is inadequate evidence to
draw any conclusions about the efficacy of leukocyta-
pheresis in CD patients, and it should only be used in
accordance with special arrangement for consent. Con-
sidering the current level of knowledge, clinicians should
remember about this method as an option of manage-
ment in patients resistant to conventional treatment
IBD, but it is essential to conduct large, well-designed,
randomised clinical trials to evaluate the effects of leu-
kocytapheresis in the management of IBD patients.
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