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Abstract Ulcerative colitis and Crohn’s disease are the
two main forms of inflammatory bowel disease (IBD). The
study of immunological pathways involved in the onset of
IBD is of fundamental importance to identify potential
biological markers of disease activity and specific targets
for therapy. Removing excess and activated circulating
leukocytes with adsorptive cytapheresis has been shown to
be a potentially effective treatment for patients with an
inflamed bowel. Adsorptive cytapheresis is a non-phar-
macological approach for active IBD, in which known
sources of inflammatory cytokines such as activated mye-
loid lineage leucocytes are selectively depleted from the
circulatory system. The decrease in inflammatory load
caused by removing these cells is thought to enhance drug
therapy and thereby promote disease remission. The benefit
of cytapheresis appears to rest upon its ability to reduce
levels of certain immune cell populations; however,

This article offers an extensive review of the available literature on
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cytokine and cell population changes, and future perspectives.
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whether this depletion results in further changes in lym-
phocyte populations and cytokine production needs further
clarification. In this review, we aim to summarize existing
evidence on the role of cytapheresis in patients with IBD,
its effect on cytokine levels and cellular populations, and to
discuss its potential impact on disease activity.
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Abbreviations
GMA  Granulocyte/monocyte apheresis
ucC Ulcerative colitis

CD Crohn’s disease

IBD Inflammatory bowel disease
LCAP Leukocytapheresis
Introduction

Ulcerative colitis (UC) and Crohn’s disease (CD) are the
two main forms of inflammatory bowel disease (IBD).
Both conditions are characterized by chronic inflammation
of the gastrointestinal tract, which affects millions of
individuals throughout the world, severely impairing
quality of life and reducing the life expectancy of those
with the disease [1]. Despite the relatively high incidence
of IBD, the underlying causes of UC and CD remain
unknown [2, 3]. However, recent hypotheses suggest an
altered response in the host’s immune system toward self-
antigens and commensal bacteria in association with
environmental triggers that are yet to be identified [4, 5].

The study of the immunological pathways involved in
the onset of IBD is of fundamental importance to identify
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potential biological markers of disease activity and specific
targets for therapy. Traditionally, most research efforts
have focused on acquired immunity, mainly due to the
detection of an unusually high activation of CD4" Thl
lymphocytes and the resulting increase in TNF-a expres-
sion that can be found in these patients [6]. In fact,
blocking this pathway with anti-TNF-o treatments has
become pivotal in the management of the disease [7]. The
discovery of a novel class of CD4" T-helper cells (Th17)
with pro-inflammatory activity has also been the subject of
research; however, a clear therapeutic target has not yet
been identified [8]. Recently, the spotlight has shifted
toward a potential deregulation of innate immunity and a
loss of immunological tolerance to gut microbiota, which
in turn results in abnormal activation and migration of
granulocytes and monocytes/macrophages to the intestinal
mucosa, with the ensuing overexpression of inflammatory
cytokines [7]. In fact, one of the most recent therapies
approved for IBD is a so-called anti-migration drug which
hinders leukocyte migration to the gut mucosa by through
selective inhibition of the 047 integrins [9].

Researchers worldwide are now interested in the
expression patterns of cytokines and their role as potential
triggers of mucosal inflammation in patients with IBD.
Cytapheresis is a novel non-pharmacological approach for
the treatment of active IBD, in which known sources of
inflammatory cytokines such as activated myeloid lineage
leucocytes are selectively depleted from the circulatory
system, eliminating their inflammatory effect. In this
review, we clarify the role of cytapheresis in patients with
IBD, its effect on cytokine levels and cellular populations,
and its potential impact on disease activity.

Role of Apheresis in IBD

Most IBD research to date has endeavored to determine the
role of cytokines in mucosal inflammation and important
progress has been made in this area. However, the recent
identification of altered granulocyte subpopulations in
patients with UC has led to an increased interest in the
immunological effects derived from selectively adjusting
these populations with cytapheresis and its potential impact
on disease activity.

Changes in innate immunity and cytokine profiles are
known to play a key pathophysiological role in IBD and
are, therefore, the subject of extensive research [10, 11].
Recent studies have reported elevations—both in tissue and
in peripheral blood—of certain monocyte subpopulations,
particularly the CD4" CD16" phenotype, which consti-
tutes a major source of inflammatory cytokines such as
TNF-a, interleukin (IL)-1p, IL-6, IL-12, and IL-23 [9]. In
line with these findings is the fact that patients with active
IBD respond to anti-cytokine antibodies (notably, anti-
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TNF-o antibodies), which currently represent the main
therapeutic breakthrough for the management of this dis-
ease [12]. Despite these advances, the development of
biological agents has not necessarily led to a deeper
understanding of their mode of action; furthermore,
increasing concern about their long-term safety and effi-
cacy makes research into other potential treatments of
critical importance [13]. Biological therapies only appear
to be effective in certain subgroups of patients. Even when
anti-TNF therapies are effective, many patients suffer of
loss of response which is not always explained by a
mechanism of immunogenicity. This suggests that cytokine
networks might be far more complex than initially sus-
pected and, thus, that the blockade of a single cytokine can
be compensated for by the development of alternative pro-
inflammatory pathways [7, 9]. Furthermore, the mecha-
nisms that drive mucosal inflammation are believed to
differ among individuals, which explains why anti-cy-
tokine therapy is not equally effective in all patients and
why focusing on single cytokines might prove less effec-
tive than anticipated. Research on new therapies for IBD
and new mechanisms of action are needed.

Types of Apheresis Systems

Selective depletion of soluble elements from the blood has
been available since the early 20th century, but their effi-
cacy as alternative or adjunct therapy in UC could not be
adequately assessed until the recent development of safe
and efficient extracorporeal cellular adsorption techniques
[14]. Cytapheresis removes circulating activated myeloid
lineage leukocytes and thereby provides a means to “reset”
the immune system and enhance drug therapy. Two
methods of adsorptive cytapheresis have been developed:
granulocyte/monocyte apheresis (GMA) using Adacolumn
(Japan Immunoresearch Laboratories, Takasaki, Japan) and
leukocytapheresis (LCAP) using the Cellsorba E column
(Asahi Medical, Tokyo, Japan; Fig. 1a, b) [14-17].
Adacolumn is the most commonly used system of
adsorptive cytapheresis. It works by selectively removing
granulocyte/monocyte populations from peripheral blood
using extracorporeal circulation. This selective depletion
has been found to alleviate intestinal inflammation and
promote disease remission, thereby reducing the need for
long-term treatment with potentially harmful medications
such as corticosteroids and other immunosuppressive
agents [18, 19]. The Adacolumn mechanism consists of a
335-mm column filled with specially designed cellulose
acetate beads that act as the adsorptive carriers. These
carriers adsorb immunoglobulin G and immune complexes
from blood plasma, making their binding sites available for
the fragment crystallizable gamma receptors (FcyR) on
myelocytes and small subsets of B, T and natural killer
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cells. It must be noted that FcyRs are not as widely
expressed on lymphocytes (2%) as they are on granulocytes
(65%) and monocytes (55%); it is this particularity that
lends Adacolumn its selectivity toward myeloid lineage
cells. Whether this selective cellular depletion can induce
secondary changes in lymphocyte populations and cytokine
production and the extent to which these changes can
influence the course of the disease has yet to be determined
(Table 1) [14, 20]. The duration of each session is about
60 min and it is usually performed once per week for five
consecutive weeks, though different protocols with 2+
sessions per week have also been tested.

Nonetheless, the clinical efficacy of GMA therapy
cannot be fully explained by the effects of the procedure on
peripheral cytokine levels per se; thus, efforts are being
made to identify the specific cellular and biochemical
mechanisms that underlie its effect on mucosal inflamma-
tion [21-24].

The LCAP is another method of therapeutic apheresis
using the Cellsorba E column, consisting of polyester
nonwoven fabric in a sterilized polycarbonate container
that can remove leukocytes, including lymphocytes [25].
Leukocytes are removed by adhesion to the column fiber
element after which the treated blood is returned to the
patient. The adsorptive column removes 90-100% of
granulocytes and monocytes, 30—-60% of lymphocytes and
a lower percentage of platelets from peripheral blood [26].
The anticoagulated blood is passed through a pre-filter
made of 10-40 pm of fabric and then through the main
filter made of finer fiber. LCAP with Cellsorba is per-
formed once weekly for five consecutive weeks. The

Table 1 Immunomodulatory effects of granulocyte and monocyte
adsorption apheresis with an Adacolumn system in ulcerative colitis
[23-25, 37-43]

Depletion of proinflammatory CD14" CD16" DR monocytes

Mobilization of bone marrow CD10™ neutrophils

Depletion of proinflammatory cytokines (TNF-o, IL-18, IL-6, IL-
8)

Liberation of inflammatory mediators such as soluble cytokine
receptors (STNFR) I and II, IL-10, IL-1ra and hepatocyte growth
factor (HGF)

Rise in regulatory CD4" CD25% T cells

Downregulation of the expression of Toll-like receptor 2 (TLR2)
on granulocytes

Induction of granulocyte apoptosis. Upregulation of MAC-1 after
Adacolumn treatment has been found. Its known to promote
apoptosis of granulocytes.

Lower circulating levels of L-selectin and increased levels of
CD11b/CD18 (Mac-1), followed by reduced leukocyte rolling on
the vascular endothelium and reduced migration of granulocytes
to sites of inflammation

Increased circulating levels of transcription factor forkhead box P3
(FoxP3)

duration of each session is about 60 min, with 2-3 L of
blood processed at a flow rate of 30-50 mL/min. Like with
Adacolumn, the selective removal of leukocytes from
peripheral blood with Cellsorba is probably not the only
mechanism responsible for its clinical efficacy (Table 2).
Other immunological mechanisms play an important role
in the efficacy of apheresis in patients with active IBD. All
these mechanisms seem to contribute to the clinical effi-
cacy of Adacolumn and Cellsorba in the treatment of IBD.
However, the transient lymphopenia observed during
Cellsorba leukocytapheresis treatment could potentially
represent a limit, as suggested by the evidence indicating
that lymphopenia could promote autoimmunity develop-
ment [27].

Efficacy of GMA in IBD

Despite the initial controversy regarding the use of
apheresis in patients with IBD, a considerable number of
studies have been conducted reporting clinical efficacy in
patients with UC, with a smaller number investigating the
changes in cellular populations and cytokine levels, which
might be responsible for such outcomes [15-17, 20, 28].
Current data support its use, especially in steroid-depen-
dent patients, and other suggested possible clinical pre-
dictors are summarized in Table 3. Several studies
[17, 28, 29], including a large-scale postmarketing study
with 656 patients [18], have reported that GMA is safe and
effective for the treatment of active UC. This has also been

Table 2 Immunomodulatory effects of leukocytapheresis with Cell-
sorba in ulcerative colitis [34-36, 44-50]

Depletion of proinflammatory CD14% CD16" DR*™ monocytes

The CD4/CDS ratio does not change after Cellsorba, while TH1/
TH2 ratio seems to significantly decrease

Depletion of proinflammatory cytokines (TNF-a, IL-2, IL-8 and
IFN-vy)

Increase in levels of anti-inflammatory cytokine, IL-10

As far as the number of CD4" and CD8™ T cells and the number
of CD45RO™ CD4" memory T cells are concerned, the average
number of lymphocytes, both T and B cells, significantly
decreases after Cellsorba

Flow cytometry revealed the ability of Cellsorba to remove
activated cells and adhesion molecule-positive cells

Filter-passed lymphocytes also showed greater production of IL-4
with respect to pre-apheresis values

The expression of caudal type homeobox 2 (CDX2) and a hairy-
related protein 1 (HES1) markedly increased after LCAP. The
CDX2 expression induced by LCAP might be associated with
mucosal healing in UC

Cellsorba remove activated platelets and monocyte-platelet
agreggates (MPA) or leukocyte-platelet aggregates (LPA) which
are known to be a main proinflammatory and immunological
source
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Table 3 Positive and negative predictors of clinical response to
granulocyte and monocyte adsorption apheresis (GMA) in ulcerative
colitis [17-20, 28-32]

Table 4 Positive and negative predictors of clinical response to
granulocyte and monocyte adsorption apheresis (GMA) in Crohn’s
disease [21, 36]

Positive predictors

Steroid-dependent ulcerative colitis (more efficacy than in steroid-
refractory ulcerative colitis)

Ulcerative colitis with mild or moderate activity. Absence of deep
colonic lesions

Steroid-naive condition

Short duration of ulcerative colitis and low cumulative
prednisolone dose before the first GMA session

First episode of ulcerative colitis

Number of apheresis sessions (controversial)

Intensive treatment (more than one weekly session)

A lower white blood cell (WBC) count at first GMA session
Negative predictors

Deep colonic lesions

Extensive loss of mucosal tissue

Ulcerative colitis with severe activity (controversial)

reported in a subsequent meta-analysis; [19] however,
some trials such as a pivotal sham-controlled trial con-
ducted by Sands et al. [30] was offered negative results.
One of the reasons for these contradicting results may be
the fact that these studies include different patient popu-
lations. This fact is illustrated by a very recent publication
of a post hoc analysis which, unlike the original study,
revealed a significant therapeutic effect of adsorptive
cytapheresis for active UC [31]. The authors conclude that
this was likely due to strict selection of patients during post
hoc analysis. Subsequent studies have shown efficacy of
apheresis [20].

In another recent study, granulocyte/monocyte apheresis
(GMA) provided significant clinical benefit to a large
cohort of steroid-dependent UC patients with previous
failure to immunosuppressant and/or biologic treatment,
with a favorable safety profile [32]. These results are
consistent with previous studies and support GMA use in
this difficult-to-treat patient group.

Reports from clinical practice settings classically indi-
cate that first-episode and steroid-naive cases respond well
to GMA and usually attain a favorable future clinical
course; however, GMA seems to be most effective if
applied immediately after a flare-up rather than after a lag
time. Studies also seem to show that patients with exten-
sive deep ulcers, long duration of UC, and those refractory
to multiple drugs are unlikely to benefit from GMA;
however, other scenarios need to be characterized. In
therapeutic settings, identifying baseline features which
predict response to GMA should help to stop futile use of
this technique.

The majority of the studies with cytoaphereiss have been
performed for UC patients and studies in patients with CD

Positive predictors

Crohn’s disease with mild or moderate activity
Steroid-naive condition

Short duration of Crohn’s disease

First episode

Number of apheresis sessions (controversial)

Intensive treatment versus standard treatment (two sessions per
week vs. one session per week)

Negative predictors
Deep colonic lesions
Extensive loss of mucosal tissue

Crohn’s disease with severe activity (controversial)

are scarce. GMA has shown efficacy in patients with
refractory CD to conventional medication. In an open-
label, prospective, randomized multicenter study, 104
patients with mild-to-moderately active CD received
intensive GMA (two sessions per week) or standard GMA
(one session per week) [33]. In both arms, GMA showed
efficacy, was well-tolerated, and did not raise any safety
concerns (Table 4).

Efficacy of LCAP in IBD

LCAP has been shown to be effective not only in the
improvement of clinical symptoms but also in the induction
of mucosal healing. However, the number of subjects in
each of these studies is relatively small and no-large scale
studies have been conducted to evaluate the efficacy and
safety of LCAP. An open-label, multicenter, randomized
control study [34] and a double-blind, prospective, case-
controlled study with sham apheresis report that LCAP is
effective and safe for treating UC [35]. Recently, a large-
scale, prospective, observational study of 847 UC patients
was conducted to evaluate the treatment outcomes of
LCAP, including intensive LCAP, as it is currently used in
clinical practice [36]. This study also reports safety and
efficacy of LCAP in patients with active UC. The overall
clinical remission rate and mucosal healing rate at 2 weeks
after the last LCAP session were 68.9 and 62.5%,
respectively.

Effects of GMA Therapy on Cytokines

Cytokines are small peptide proteins produced mainly by
hematopoietic lineage cells that mediate a broad array of
cellular interactions in adjacent or distant tissues. One of
the primary consequences of the changes in immune cell
populations observed in patients with IBD is a distorted
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cytokine expression pattern, with a clear upregulation of
certain proinflammatory cytokines that promotes activation
of leukocytes and, ultimately, perpetuates the inflammatory
cycle [9, 10]. The identification and categorization of these
biological mediators has been valuable not only in better
defining the pathogenesis of IBD, but also for tailoring
treatments by targeting specific cytokines [11]. Earlier
studies have centered their attention on the impact of GMA
therapy on individual cytokine levels while also evaluating
any potential correlation with clinical, endoscopic and
histological findings in patients with IBD [21, 22]; how-
ever, despite the high expectations, the effect on serial
cytokine levels has been variable.

Few studies to date have found any clear association
between GMA and a reduced concentration of proinflam-
matory cytokines in patients with active UC [23-25].
Studies such as those by Yamamoto et al. [22] and Muratov
et al. [37] report a decrease in mucosal infiltration of
myeloid leukocytes alongside considerable drops in the
mucosal levels of inflammatory cytokines observed after
GMA therapy. In particular, Muratov et al. [37] describes a
downregulation of INF-y found in peripheral blood sam-
ples of clinical responders to GMA. On the other hand, a
study by Yamamoto et al. focused on the levels of mucosal
cytokines before and after GMA therapy in patients with
active UC. The mucosal tissue concentrations of IL-1f, IL-
1 receptor antagonist (IL-1ra), IL-6, IL-8 and TNF-a
observed in these patients were significantly higher than
those found in the healthy control group, whereas the IL-
1ra/IL-1P ratio was significantly lower. In line with these
findings, patients who achieved clinical remission after
GMA also exhibited lower mucosal concentrations of IL-
1B, IL-1ra, IL-6, IL-8 and TNF-a, along with an increased
IL-1ra/IL-1P ratio. In patients with no clinical or endo-
scopic remission, concentrations of these cytokines
remained unchanged after GMA [22].

These results have been confirmed by other studies. Hanai
et al. also report increased blood levels of IL-6, IL-10, IL-18
and IL-1ra in active UC with a subsequent decline after an
8-week GMA course. Interestingly, a correlation with the UC
clinical activity index was only observed in the cases of IL-6,
IL-10 and IL-18, but not with IL-1ra [38].

A subsequent study by Aoki et al. aimed to quantify and
compare plasma levels of the proinflammatory cytokines
TNF-a, IL-1B, IL-6 and IL-8 in patients with active UC in
both pre- and post-GMA settings. Results show that only
the IL-8 level was high enough to be assayed, with a sig-
nificant drop in its concentration after GMA therapy. In
addition to this finding, the authors observed a downregu-
lation of the expression of Toll-like receptor 2 on granu-
locytes after incubation of blood samples belonging to
healthy subjects compared with the Adacolumn patients
[24].
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Similarly, recent work by Toya et al. analyzes the effect
of GMA on serum levels of 17 cytokines found in patients
with active UC. Serum IL-10 and MIP-1f levels were
significantly increased after GMA therapy, whereas con-
centrations of all other cytokines remained unchanged [23].

Effects of GMA Therapy on Cellular Populations

We have thus far reviewed the changes in cytokines
observed after GMA therapy; however, these changes
hardly provide a satisfying explanation for its clinical
efficacy. For this and other reasons, research is beginning
to focus on cellular subpopulations.

As mentioned above, the primary consequence of GMA
therapy is a selective depletion of certain subsets of mye-
loid leukocytes, the most relevant of which is the CD14™*
CD16" DR*™ phenotype, also known as the proinflam-
matory monocytes. This specific phenotype accounts for
approximately 10% of total monocytes in healthy individ-
uals, a proportion that can significantly increase in
inflammatory conditions such as the ones found in patients
with IBD [39]. This particular population is thought to play
a key role in the pathogenesis of various inflammatory
diseases due to their ability to release inflammatory
cytokines, such as TNF-o, IL-1pB, IL-6, IL-12 and IL-23
[7].

Surprisingly, in addition to depletion of CD14" CD16™
DR monocytes, the procedure has also been associated
with a sustained increase in absolute lymphocyte counts,
notably the CD4" CD25™ phenotype, known as regulatory
T-cells (Treg), as well as an increase in the liberation of
inflammatory mediators such as soluble cytokine receptors
(sSTNFR) I and II, IL-10, IL-1ra and hepatocyte growth
factor [39, 40]. Treg cells express high levels of IL-2
receptor (CD25) and transcription factor forkhead box P3,
and are involved in regulating the immune response by
means of suppressing excess activation of immune cells, a
feature that supports the use of GMA in diseases whose
causes are related to a chronic over-activation of immunity
[41].

Some recent data from flow cytometry analyses of
peripheral blood after the GMA procedure with Adacolumn
have also revealed a significant decrease in mature CD10™
neutrophils, followed by a stimulation of naive CDI10-
neutrophils, the latter of which are believed to have a
reduced proinflammatory effect [42, 43]. The extent to
which this might contribute to reducing inflammation has
yet to be assessed.

Given the novelty of this approach, the before-men-
tioned studies represent virtually all the available literature
on the effects of GMA on cellular populations; however, as
the use of Adacolumn and other GMA techniques becomes
more widespread, we expect further abnormalities in these
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and other cellular subtypes to be revealed. Furthermore,
systematic categorization of the cytokines produced by
these specific cells will likely expose the mechanisms that
underlie mucosal inflammation at a molecular level,
allowing for more precise identification of the cytokines
that should be subjected to further research.

Effects of LCAP Therapy on Cytokines

Adsorptive cytapheresis with Cellsorba is able to remove
about 90-100% of granulocytes and monocytes, 30-60%
of lymphocytes, and approximately 30% of platelets from
peripheral blood in the first 30 min of session [25, 26].
Cellsorba is known to remove not only leukocytes but also
activated platelets, monocyte-platelet aggregate (MPA),
and leukocyte-platelet aggregates (LPA), all of which are
known sources of proinflammatory cytokines [44]. In IBD
patients who respond to cytapheresis with Cellsorba,
baseline values of the proinflammatory cytokines TNF-a,
IL-2, IL-8, and IFN-y have been shown to be in the upper
limit of normality [45]. These and other values such as
those of C-reactive protein and erythrocyte tend to nor-
malize after cytapheresis. Filter-passed lymphocytes have
also shown a greater production of IL-4 with respect to pre-
apheresis values [45].

Effects of LCAP Therapy on Cellular Populations

Flow cytometry also revealed the ability of Cellsorba to
remove activated cells and adhesion molecule-positive cells
[46]. Moreover, the average number of lymphocytes, both T
and B cells, significantly decreases after Cellsorba. The
CD4/CD8 ratio does not change after Cellsorba, while TH1/
TH2 ratio seems to significantly decrease [47]. This tech-
nique also seems to be able to selectively remove CD147
CD16" DR*" monocytes from peripheral blood, both of
which represent an important source of TNF-ocand IL-12. All
these mechanisms seem to contribute to the clinical efficacy
of Cellsorba cytapheresis in the treatment of IBD [48].

In a recent study designed to examine the molecular
dynamics which underlie the proliferation of intestinal
epithelial cells after LCAP with Cellsorba, the authors
pointed to an increase in the expression of caudal type
homeobox 2 (CDX2) and hairy-related protein 1 (HES1) as
a possible mechanism. In this study, patients with endo-
scopic improvement after LCAP exhibited an increase of
CDX2 prior to LCAP, while those without endoscopic
improvement did not [49, 50]. In both groups, expression
of CDX2 was markedly increased after LCAP. The authors
conclude that LCAP-induced CDX2 expression might be
associated with mucosal healing in patients with active UC.

Concluding Remarks

The efficacy of anti-TNF-o biologics has provided evi-
dence on the importance of inflammatory cytokines in the
exacerbation and perpetuation of IBD. Cytokines control
multiple aspects of the inflammatory response and play a
fundamental role in the pathogenesis of IBD and other
autoimmune diseases. In particular, the imbalance between
proinflammatory and anti-inflammatory cytokines that
occurs in IBD impedes the resolution of inflammation
leading to disease perpetuation and tissue destruction. One
of the major sources of inflammatory cytokines is myeloid
lineage leucocytes, which also tend to be overly activated
in individuals with IBD. This has led to the search for non-
pharmacological strategies to reduce these leukocyte pop-
ulations [51]. Activation of granulocytes and mono-
cytes/macrophages such as the CDI14% CDI16% DR
phenotype, represents a major source of proinflammatory
cytokines in patients with UC; thus, these cellular popu-
lations appear to be logical targets of cytapheresis therapy.
The benefit of cytapheresis seems to rest upon its ability to
reduce the levels of specific immune cell populations;
however, whether this depletion results in further changes
in lymphocyte populations and cytokine production
remains unclear. There is a pressing need to elucidate the
mechanisms which underlie response to cytapheresis in
order to accurately select the patients in which its use can
offer the most benefit. This could be particularly important
in patients who remain active in spite of being treated with
double immunosuppressive therapy. In conclusion, current
evidence seems to favor the use of adsorptive cytapheresis
in selected IBD patients. Patients with extensive deep
ulcers and with long duration of UC refractory to multiple
drugs are unlikely to benefit from this treatment strategy. In
therapeutic settings, identifying baseline features which
predict response to cytapheresis should help to stop futile
use of this technique.
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