
J Gastroenterol 2004; 39:1158–1164
DOI 10.1007/s00535-004-1465-z

Received: March 24, 2004 / Accepted: August 12, 2004
Reprint requests to: Y. Fukuda

Adsorptive granulocyte and monocyte apheresis for
refractory Crohn’s disease: an open multicenter prospective study

Yoshihiro Fukuda1, Toshiyuki Matsui2, Yasuo Suzuki3, Kazunari Kanke4, Takayuki Matsumoto5,
Masakazu Takazoe6, Takayuki Matsumoto7, Satoshi Motoya8, Terasu Honma9, Koji Sawada1,10,
Tsuneyoshi Yao2, Takashi Shimoyama1, and Toshifumi Hibi11

1 Department of Gastroenterology, Hyogo College of Medicine, 1-1 Mukogawa, Nishinomiya 663-8501, Japan
2 Fukuoka University Chikushi Hospital, Fukuoka, Japan
3 Internal Medicine, Sakura Hospital Toho University, Chiba, Japan
4 Department of Gastroenterology, Dokkyo University School of Medicine, Tochigi, Japan
5 Kyushu University, Fukuoka, Japan
6 Social Insurance Chuo General Hospital, Tokyo, Japan
7 Osaka City University Graduate School of Medicine, Osaka, Japan
8 Sapporo Kosei General Hospital, Sapporo, Japan
9 Niigata University School of Medicine, Niigata, Japan
10 Department of Gastroenterology, Fujimoto Hospital Medicine, Osaka, Japan
11 Keio University, Tokyo, Japan

Key words: Crohn’s disease · nutritional therapy ·
granulocytes and monocytes · adsorptive apheresis ·
IBD questionnaire · IOIBD

Introduction

Crohn’s disease (CD) is a chronic recurrent inflamma-
tory bowel disorder with variable disease expressions,
giving rise to a multitude of complications, including
fever, abdominal discomfort, diarrhea, anemia, and
weight loss. Although ulcerative colitis is primarily con-
fined to the colon and the rectum, CD can affect any
part of the gut, from the mouth to the perianal region;
up to 65% of CD patients may have CD affecting the
small intestine.1 Such patients are likely to develop seri-
ous nutritional complications, with the need for nutri-
tional support with elemental diets or total parenteral
nutrition.1–5

Although genetic background may be associated with
the onset of CD, and dietary antigens are thought to
have an important role in the exacerbation of CD,6–9 it is
true to say that factors which initiate and perpetuate
CD are not well characterized at present. However,
because a relapse may be triggered by an inflammatory
response to dietary antigens in the intestinal wall,6–9

nutritional therapy is thought to minimize the contribu-
tion of the normal diet to disease activity, and to pro-
mote remission.2–5 In line with this assertion, a response
rate of up to 77% has been reported following a course
of nutritional therapy.2,5,10,11

Alternative therapies for patients who do not re-
spond to a salicylate (5-acetyl salicylic acid [ASA]
sulfasalazine) plus elemental diets or total parenteral
nutrition include high-dose corticosteroids12 and, more
recently, anti-tumor necrosis factor (TNF-α) antibod-

Background. Active Crohn’s disease (CD) is often asso-
ciated with elevated levels of platelets, granulocytes,
and monocytes that are activated and resistant to
apoptosis. The level of neutrophils in the intestinal
mucosa has been quantitatively related to the severity
of intestinal inflammation in CD. We postulated that
patients with CD that is refractory to conventional
medications might respond to a reduction of granulo-
cytes and monocytes by adsorptive apheresis. Methods.
Twenty-one patients with a CD activity index (CDAI)
of 200–399 and unresponsive to standard medication,
which included nutritional intervention, received granu-
locyte and monocyte adsorptive apheresis (GCAP) as
an adjunct to their ongoing medication. GCAP was per-
formed with an Adacolumn, which adsorbs granulo-
cytes, monocytes, and a small fraction of lymphocytes
(FcγR and complement receptor-bearing leucocytes).
Patients received one GCAP session/week for 5 con-
secutive weeks. CDAI, International Organization for
the Study of Inflammatory Bowel Disease (IOIBD),
and IBD questionnaire (IBDQ) scores were evaluated.
Results. During the initial conventional/nutritional
therapy, no significant improvement was seen in any
patient. However, at week 7 of GCAP therapy, signi-
ficant improvements in CDAI, IOIBD, and IBDQ
scores were observed. The CDAI, IOIBD, and IBDQ
scores before GCAP were 275.6 � 54.2, 3.4 � 1.4, and
152 � 22, respectively. The corresponding values after
GCAP were 214.8 � 89.2 (P � 0.0005), 2.54 � 1.5 (P �
0.0224), and 165 � 29 (P � 0.0327), respectively. Con-
clusions. GCAP could be effective for inducing remis-
sion and improving quality of life in patients with active
CD that is refractory to conventional therapy.
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ies.13 However, both corticosteroids and anti-TNF-α
antibody are associated with frequent adverse side
effects.14,15 Indeed, in Japan, most of our patients are
reluctant to receive corticosteroid therapy for fear of
the steroid-related adverse effects.

A potential target for the treatment of inflammatory
bowel disease could be granulocytes and monocytes/
macrophages. We thought that patients with active CD
who had not responded to standard conventional
therapy, including nutrition therapy with an elemental
diet (ED) or total parenteral nutrition (TPN), might
respond to selective granulocyte and monocyte adsorp-
tive apheresis as an adjunct to their ongoing medication.
A major role for these leucocytes in the clinicopatho-
logical features of CD (tissue injury and symptoms) is
indicated by several lines of evidence.16–20 First, in both
CD and ulcerative colitis, peripheral blood neutrophils
and monocytes/macrophages are elevated, showing
activation and increased survival time.16–22 Second,
biopsy specimens from CD lesions reveal a high density
of neutrophils, macrophages, and other inflammatory
leucocytes within the inflamed tissues.1,23 Third, the
level of neutrophils in the intestinal mucosa was quanti-
tatively related to the severity of intestinal inflamma-
tion and clinical relapse in both CD and ulcerative
colitis.24,25 This indicates that, during clinical remission,
neutrophils infiltrate the intestinal mucosa and have a
major role in mucosal inflammation, tissue injury, and
CD relapse.24–26

The device we used for the apheresis was an
Adacolumn.21 The volume of this apheresis column is
335ml, and the column is filled with cellulose acetate
beads (carriers), 2mm in diameter, that are bathed in
sterile saline. The carriers adsorb granulocytes and
monocytes/macrophages that bear FcγR and comple-
ment receptors.21,27 Blood cell counts from the column
inflow and outflow points show that the carriers typi-
cally adsorb about 65% of granulocytes, 55% of mono-
cytes, and a small fraction of lymphocytes from the
blood in the column.21,28 Preliminary studies in
patients with rheumatoid arthritis,21,29 ulcerative
colitis,21,22,26 and CD30 showed that granulocyte and
monocyte adsorptive apheresis (GCAP) was associated
with the alleviation of clinical symptoms and marked
reductions in the levels of various inflammatory
cytokines which are produced by leucocytes.21,22,29 These
observations indicated that the clinical efficacy of
GCAP might not be due to its effect on the level of
peripheral blood granulocytes and monocytes per se.
The present study was carried out to investigate the
efficacy of GCAP in patients with CD who were refrac-
tory to conventional medication.

Methods

Study objectives

Our primary objective was to evaluate the efficacy of
GCAP as an adjunct to therapy in patients with active
CD that was refractory to standard Japanese con-
ventional therapy for active CD (see “Conventional
therapy” section below). The efficacy of the GCAP
treatment was based on changes in the Crohn’s disease
activity index (CDAI) during or at the end of the
therapy relative to the entry values, without a major
focus on endoscopic or radiographic changes. Treat-
ment safety and changes in the International Organiza-
tion for the Study of Inflammatory Bowel Disease
(IOIBD) score, according to de Dombal,31 and changes
in the inflammatory bowel disease (IBD) questionnaire
(IBDQ) score were evaluated as our secondary objec-
tives. The IBDQ has been reported to be a reliable
indicator of quality of life in patients with IBD.32

Patients

The demography of the 21 patients recruited for this
study is presented in Table 1. All patients had a previ-
ous diagnosis of Crohn’s disease (colitis or ileocolitis).
To qualify for entry to the study, patients had to have a
CDAI score in the range of 200 to 399, and to have been
classified as refractory to conventional therapy (includ-
ing nutritional intervention) if no significant improve-
ment in CDAI was observed (CDAI � 200) during at
least 2 weeks of therapy (see below).

Table 1. Demography of 21 patients with refractory Crohn’s
disease at entry who were recruited for granulocyte and
monocyte adsorptive apheresis therapy with the Adacolumn

Demography Number of patients

Male/Female 14/7
Age (years) 27.4 � 9.0 (12–57)a

Duration of disease (months) 80.1 � 53.5 (3–180)a

Location of lesions
Ileocolitis 13
Colitis 8

Previous bowel resection 8
Nutritional therapy 21

(30–40kcal/kg per day)c

Stenosis/stricture 5
Anal lesions 13
Ongoing medications

Prednisolone 6 (5–17 mg)b

5-ASA/Sulfasalazine 17 (2.25–4.0g)b

Metronidazole 2 (500 mg)b

Crohn’s disease activity index 275.6 � 54.2
C-reactive protein (mg/dl) 2.7 � 4.1 (0.14–17.59)a

a Values are means � SD (range)
b Dose
c Nutritional therapy: elemental diet, 17; total parenteral nutrition, 4
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Conventional therapy

In Japan, the Ministry of Health has approved standard
guidelines of conventional therapy for active CD (first-
line therapy) that comprises an aminosalicylate (5-ASA
or sulfasalazine) plus nutritional therapy.2 This regimen
can alleviate the disease in the majority of patients
within 2 weeks,2,10 and those who do not respond are
classified as having refractory CD.30 In this study, nutri-
tional therapy consisted of an elemental diet (ED; n �
17) or total parenteral nutrition (TPN; n � 4). ED treat-
ment was done by using Elental (Ajinomoto, Tokyo,
Japan), while TPN (30–40 kcal/kg per day) was done by
using products from reputable suppliers in Japan. All
products were brands approved by the Ministry of
Health. Table 1 shows that 17 of the 21 patients were on
aminosalicylates (2.25–4 g/day); 6 of these patients were
on prednisolone (5–17mg/day) as well, and 2 were re-
ceiving metronidazole (500mg/day).

Adsorptive granulocyte and monocyte apheresis

The procedure for GCAP was essentially based on ear-
lier studies in patients with rheumatoid arthritis and
ulcerative colitis.21,22,26,28,29 Briefly, the apheresis column
(Adacolumn) and circuit lines were provided by Japan
Immunoresearch Laboratories (Takasaki, Japan). The
column has a capacity of 335ml and is filled with cellu-
lose acetate beads, 2 mm in diameter, as the column
adsorptive carriers. Differential leucocyte counts have
shown that the carriers adsorb granulocytes, mono-
cytes/macrophages, and a small fraction of lymphocytes
from the blood in the column.21,27 This device has been
CE marked (validated) by TUV (Notified Body) and
approved by the Japan Ministry of Health for the treat-
ment of active ulcerative colitis. The column was placed
in an extracorporeal setting, with a perfusion rate of
30 ml/min; the duration of one GCAP treatment session
was 60 min.

Study design and assessment of response to therapy

The study design is outlined in Fig. 1. This was a pro-
spective open-label study, carried out at 16 centers in 13
cities throughout Japan. Therefore, with a target patient
number of 21, the number of patients per center was
very small. Further, centers recruited their own pa-
tients, but with strict adherence to the study protocol.
During the first 2 weeks, patients were screened, and
information about their disease course and drug
therapy was compiled. As indicated above, the protocol
specified that patients must have been on conventional
therapy for at least 2 weeks prior to the initiation of
GCAP therapy. Likewise, for patients who were on
corticosteroid, 5-ASA or sulfasalazine therapy, the drug

therapy should have been continued at a stable dose
during the previous 2 weeks for the corticosteroid and
during the previous 8 weeks for salicylates. No change
in conventional therapy was expected during the 5
weeks of GCAP treatment. Each patient was to receive
one GCAP session per week for 5 consecutive weeks.
Week 7 was the first efficacy assessment time point.
Patients in whom the CDAI decreased by more than 50
points, but remained above 150, could have five further
GCAP sessions, at the discretion of the attending physi-
cian. However, only 3 patients did have an additional
GCAP session, and of these, just 1 patient reached week
14, which was the final assessment time point for pa-
tients with more than five sessions.

In accord with the principle of intention to treat, if a
patient was withdrawn from the study, for whatever
reason, assessment was done at that time point, and the
data were included in the assessment at week 7. Clinical
remission was assumed when the CDAI improved to
below 150, while clinical response was defined as a
decrease of the CDAI by more than 50 points. Likewise,
if the CDAI had increased by more than 50 points,
the patient’s CD was considered to have worsened;
otherwise, the patient’s CD was considered unchanged.
After the GCAP treatment course, patients who had
active disease could continue with their conventional
medication.

Exclusion criteria

Because leucocytapheresis is a non-drug therapy, that
involves blood flow, its efficacy is likely to be affected by
poor or intermittent blood flow. To minimize this pos-
sibility, patients who appeared to present difficulties
in achieving blood access were excluded. Pregnancy,
age less than 12 years or over 76 years, granulocyte
count of less than 2000/µl, and hemoglobin less than 8g/
dl were other main exclusion criteria. Likewise, any
patient who had an obvious need for surgery was not
recruited.

Fig. 1. Study design, patient screening, and treatment and
efficacy assessment time points. CDAI, Crohn’s disease activ-
ity index
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Ethics

Leucocytapheresis with the Adacolumn is an approved
therapy in Japan. Nonetheless, the final version of the
study protocol was submitted to the Japan Ministry of
Health and approval was obtained. Likewise, the insti-
tutional review board of each hospital approved the
study protocol. Further, all patients provided written
informed consent after they were informed of the pur-
pose of the study and the nature of the procedures
involved. In under age patients (less than 20 years),
consent was obtained from the patient and one of the
patient’s parents. Patients were told that they could
withdraw from the study at any time without jeopardiz-
ing their future treatment.

Statistical analysis

Where appropriate, data values are presented as means
� SEM, or as mean � SD values, and comparisons were
made by using the t-test, unless indicated otherwise. A
significance level of 0.05 was used for all statistical tests,
and two-tailed tests were applied when appropriate.

Results

Patient compliance

A total of six patients withdrew before week 7. Of these,
one received only two sessions and was withdrawn due
to a more than expected drop in the patient’s leucocyte
count. One patient withdrew after receiving three ses-
sions, and another two patients withdrew after receiving
four sessions, due to lack of efficacy. A further two
patients withdrew after receiving five sessions. The out-
come is presented in Fig. 2.

Changes in leucocyte counts during
the apheresis procedure

Figure 3 shows changes in leucocyte counts at several
time points during the 60-min apheresis therapy and
then at 24h. All counts, except for the values at 24h,
correspond to the column inflow and represent periph-
eral blood level. The total leucocyte count showed a
drop of 49% at 30min relative to the count at time 0.
However, despite apheresis being continued, the inflow
count at 60min had markedly increased, showing only a
9% fall relative to the count at time 0. This reflects
an influx of CD10-negative neutrophils from the
bone marrow into the peripheral circulation.24 Looking
at the three main leucocyte populations, the inflow
counts at the 15-min and 30-min time points relative
to the counts at time 0 showed a significant drop for
all three leucocyte populations. The fall in the inflow
lymphocyte count during apheresis was unexpected,
because the column carriers do not significantly adsorb
lymphocytes.21,27,28

Changes in CDAI, IOIBD, and IBDQ
following leucocytapheresis

Figure 4 shows significant improvements in the CDAI,
IOIBD, and IBDQ scores after GCAP. The CDAI,
IOIBD, and IBDQ scores (mean � SD) at baseline
were 275.6 � 54.2, 3.4 � 1.4, and 152 � 22, respectively.
The corresponding values after GCAP therapy were
214.8 � 89.2 (P � 0.0005), 2.4 � 1.5 (P � 0.0224) and
165 � 29 (P � 0.0327), respectively, showing impressive
alleviation of symptoms and improvement in quality of
life. When we considered only the 11 responders, the

Fig. 2. Flow chart, showing the number of leucocytapheresis
sessions dispensed during the 14 weeks of the study (design,
shown in Fig. 1)

Fig. 3. Changes in peripheral blood leucocytes during and
24 h after Adacolumn leucocytapheresis therapy in 21 pa-
tients with refractory Crohn’s disease. *P � 0.05; **P � 0.01;
***P � 0.001, vs time 0
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above scores were as follows: 267 � 38 (P � 0.0001), 3.6
� 1.2, and 155 � 25, and the corresponding values after
GCAP therapy were 151 � 49 (P � 0.0001), 1.6 � 1.0
(P � 0.002), and 178 � 26 (P � 0.0212), respectively.

Overall response to therapy

Eleven of the 21 patients (52.4%) responded to the
therapy, 6 with clinical remission and 5 with signifi-
cant improvement. The remaining 10 patients (non-
responders) remained unchanged, and according to the
protocol definitions, no patient worsened. It should be
mentioned that 4 of the non-responders were not on 5-
ASA prior to entry or beyond. There was no other
significant difference in patient background between
responders and non-responders to GCAP. Regarding
the sustainability of the response, up to 6 months after
the end of GCAP therapy, 2 of the 11 responders were
hospitalized for alternative therapy due to the worsen-
ing of CD symptoms. One patient showed worsening of
CD symptoms within 3 months after the last GCAP
therapy, the other within 5 months.

Unexpectedly, there was no change in the mean C-
reactive protein (CRP) level at week 7. The CRP value
at entry was 2.7 � 4.1 mg/dl (mean � SD; range, 0.14–
17.6 mg/dl). The values at week 5 and post GCAP were
1.9 � 2.6 mg/dl (range, 0.11–11.6mg/dl) and 2.7 �
2.8 mg/dl (range, 0.33–11.6mg/dl), respectively. The
corresponding values for the 11 responders were 1.9

� 2.3mg/dl (range, 0.14–7.44mg/dl), 0.9 � 0.6 mg/dl
(range, 0.11–2.01 mg/dl), and 1.9 � 1.4 mg/dl (range,
0.33–4.66 mg/dl), respectively, showing no statistically
significant improvement. However, in patients who
had anal lesions and in whom the mean entry CRP was
2.7 mg/dl or more the CRP level decreased significantly,
from 7.7 � 5.8 mg/dl to 5.1 � 4.0 mg/dl (P � 0.0483;
n � 5).

Study safety

During GCAP therapy, a total of ten non-severe side
effects in six patients were reported. These were: palpi-
tation (n � 1), headache (n � 3), congested nostrils (n �
1), dizziness (n � 1), feeling of weariness in one patient
(n � 2 occasions), rash on the legs (n � 1), and pelvic
pain (n � 1). However, no patient discontinued GCAP
therapy due to these side effects, except for the patient
with the pelvic pain, which resolved within 24 h. Fur-
ther, there was no evidence of opportunistic infection in
any patient during or after GCAP therapy.

Discussion

In earlier studies, we found that the majority of patients
with active CD responded to conventional medication
that included nutritional therapy, without corticoster-
oids,2,10 but a minority of them remained refractory.30

The present study was initiated in June 2001 and was
completed in April 2003. The major time-consuming
factor was the difficulty in finding patients who did not
readily respond to conventional therapy (a salicylate
plus nutritional therapy) and who could therefore be
classified as refractory and meet our protocol inclusion
criteria. Given that all 21 patients in the present study
were found to be unresponsive to conventional medica-
tions, GCAP was considered to be a rescue therapy for
these patients.

In Japan, the initial first-line medication for active
CD is 5-ASA or sulfasalazine, together with nutritional
therapy with elemental diets (EDs) or TPN.2,5,10,11,33

Nutritional therapy, in addition to providing energy,
protein, and essential nutrients, has two other major
benefits: (a) it ameliorates the diarrhea and abdominal
discomfort associated with a normal diet; and (b) it
appears to minimize intestinal inflammation provoked
by dietary antigens.6–9 Based on the experience in
Japan, nutritional therapy can induce remission in up to
77% of patients during 1 month of therapy.11 Nonethe-
less, it may be argued that, although all of the 21
patients we recruited were refractory to nutritional
therapy, some of them might have responded to corti-
costeroids. While this argument should not be denied,
most of the 15 patients who were not on corticosteroids

Fig. 4. Changes in the CDAI, International Organization
for the Study of Inflammatory Bowel Disease (IOIBD), and
IBD questionnaire (IBDQ) scores (mean � SEM) during
leucocytapheresis (GCAP) therapy in 21 patients with
Crohn’s disease unresponsive to conventional medications,
including nutritional therapy. *By paired t-test; **by
Wilcoxon signed rank test
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at entry to GCAP therapy had received corticosteroid
treatment at some stage in the past and either had be-
come refractory to steroids or were reluctant to receive
steroids.

The most significant outcome of the leucocyte reduc-
tion therapy in this study was the marked improvement
in CDAI, IOIBD, and IBDQ scores, with an overall
response rate of 52.4%, in patients who had failed to
respond to conventional therapy. The therapy was well
tolerated and no severe adverse effects were observed.
This is similar to the experience during GCAP therapy
in patients with rheumatoid arthritis,21,29 and those with
ulcerative colitis,26 in trials that reported adverse events
such as mild headache or light-headedness in a small
number of patients.26 The safety, tolerability, and effi-
cacy of leucocytapheresis with the Adacolumn suggest
that, in contrast to steroids, with this therapy, unpleas-
ant side effects are unlikely. Further, the outcome of
this study should stimulate further initiatives to directly
target granulocytes and monocytes/macrophages in the
therapy of CD. However, a major factor that could
strengthen the impact of our results would be the inclu-
sion of a control group, which was missing in this study.
With this in mind, we believe that a future study, using
a larger cohort of patients together with the inclusion of
a control group, could enhance our understanding of
the full efficacy of adsorptive granulocyte and monocyte
apheresis therapy in CD.

Although the column carriers adsorbed a large frac-
tion of granulocytes and monocytes from the blood in
the column, the number of these leucocytes in the pa-
tients’ systemic circulation did not fall below the normal
range under the conditions used in this study. Instead,
flow cytometry indicated a net influx of immature neu-
trophils (CD10-negative neutrophils) into the circula-
tion from marginal pools, including the bone marrow,
and these cells would be less inflammatory than those
removed.24 Furthermore, in patients with rheumatoid
arthritis and those with ulcerative colitis, after adsorp-
tive leucocytapheresis therapy, the production of
proinflammatory cytokines (TNF-α, interleukin [IL]-
1�, IL-6, and IL-8) by peripheral blood leucocytes was
markedly suppressed, together with the downmodu-
lation of L selectin, which has a key role in the initiation
of leucocyte extravasation.21,22,29,34 Hence, the overall
effect of granulocyte and monocyte reduction therapy
should be reduced levels of activated leucocytes and
inflammatory cytokines, and diminished leucocyte
infiltration of the mucosa.

In conclusion, it appears that the reduction of mono-
cytes/macrophages and neutrophils is associated with
improvements and remission in some patients with ac-
tive refractory CD. Alternatively, it could be said that
granulocytes and monocytes have an active role in
mucosal inflammation and the exacerbation of CD.

Granulocyte and monocyte adsorptive apheresis should
serve as a non-pharmacological adjunct to therapy in
CD when conventional medications fail.

Acknowledgments. Drs Y. Fukuda and T. Matsui contributed
equally to this study and the compilation of this manuscript,
which was sponsored by Japan Immunoresearch Laboratories
and also by a grant from the Japan Ministry of Health. Profes-
sor H. Asakura of Niigata University and Professor H. Nagura
of Tohoku University were advisers to this study. This study
was carried out at the following centers and was supported
by their medical personnel: Hyogo College of Medicine,
Nishinomiya (Drs. T. Kosaka, K. Fukunaga, and K. Onishi);
Keio University, Tokyo (Drs. Y. Koike, M. Naganuma, and
A. Sakuraba); Fukuoka University Chikushi Hospital (Dr.
T. Sakurai); Chiba University School of Medicine (Dr. N.
Yoshimura); Dokkyo University School of Medicine (Dr. A.
Terano); Kyushu University, Fukuoka (Drs. M. Esaki, K.
Shikata, and S. Yada); Social Insurance Chuo General Hospi-
tal, Tokyo (Drs. T. Shinoda and T. Tanaka); Osaka City Uni-
versity Graduate School of Medicine (Drs. N. Oshitani and
K. Watanabe); Sapporo Kosei General Hospital (Dr.
A. Imamura); Japanese Red Cross Sendai Hospital (Dr. N.
Hiwatashi); Gunma Prefectural Cancer Center (Dr. T.
Sawada); Kitasato Institute Hospital, Tokyo (Dr. T. Yajima);
National Tokyo Medical Center (Dr. S. Tanaka); Hamamatsu
University School of Medicine (Dr. H. Hanai); and
Coloproctology Center of Takano Hospital, Kumamoto (Drs.
N. Morita and R. Nozaki).

References

1. Allison MC, Dhillon AP, Lewis WG, Pounder RE, editors.
Inflammatory bowel disease. London: Mosby; 1998. p. 15–95.

2. Fukuda Y, Kosaka T, Okui M, Hirakawa H, Shimoyama T.
Efficacy of nutritional therapy for active Crohn’s disease.
J Gastroenterol 1995;30(Suppl VIII):83–7.

3. Fernandez-Banares F, Cabre E, Gonzalez-Huix F, Gassull MA.
Enteral nutrition as primary therapy in Crohn’s disease. Gut
1994;35(Suppl):S55–9.

4. O’Keefe SJ. Nutrition and gastrointestinal disease. Scand J
Gastroenterol (Suppl) 1996;220:52–9.

5. Tsujikawa T, Andoh A, Fujiyama Y. Enteral and parenteral nutri-
tion therapy for Crohn’s disease. Curr Pharm Des 2003;9:323–
32.

6. Harris ML, Bayless TM. Dietary antigens as aggravating factors in
Crohn’s disease. Dig Dis Sci 1989;34:1613–4.

7. Sartor RB. Pathogenesis and immune mechanisms of chronic
inflammatory bowel diseases. Am J Gastroenterol 1997;92
(Suppl):5S–11S.

8. Miura S, Fujimori H, Koseki S, Hokari R. Mucosal immune
system of the intestine (in Japanese with English abstract).
Nippon Rinsho 1998;56:2228–34.

9. Powell JJ, Harvey RS, Ashwood P, Wolstencroft R, Gershwin
ME, Thompson RP. Immune potentiation of ultrafine dietary
particles in normal subjects and patients with inflammatory bowel
disease. J Autoimmun 2000;14:99–105.

10. Sakurai T, Matsui T, Yao T, Takagi Y, Hirai F, Aoyagi K, et al.
Short-term efficacy of enteral nutrition in the treatment of active
Crohn’s disease: a randomized, controlled trial comparing nutri-
ent formulas. J Parenter Enteral Nutr 2002;26:98–103.

11. Furukawa H, Yamada M, Sakurai T. Enteral nutrition and total
parenteral nutrition in Crohn’s disease: factors influencing induc-
tion of remission. Gastroenterol Jpn 1997;94:813–25.



1164 Y. Fukuda et al.: Granulocytapheresis for Crohn’s disease

12. Yang YX, Lichtenstein GR. Corticosteroids in Crohn’s disease.
Am J Gastroenterol 2002;97:803–23.

13. van Dullemen HM, van Deventer SJ, Hommes DW, Bijil HA,
Woody J. Treatment of Crohn’s disease with anti-tumour necrosis
factor chimeric monoclonal antibody (cA2). Gastroenterology
1995;109:129–35.

14. Present DH. How to do without steroids in inflammatory bowel
disease. Inflamm Bowel Dis 2000;6:48–57.

15. Bresnihan B, Cunnane G. Infection complications associated with
the use of biologic agents. Rheum Dis Clin North Am 2003;29:
185–202.

16. McCarthy DA, Rampton DS, Liu Y-C. Peripheral blood neutro-
phils in inflammatory bowel disease. Morphological evidence of in
vivo activation in active disease. Clin Exp Immunol 1991;86:489–93.

17. Mahida YR. The key role of macrophages in the immuno-
pathogenesis of inflammatory bowel disease. Inflamm Bowel Dis
2000;6:21–33.

18. Meuret G, Bitzi A, Hammer B. Macrophage turnover in Crohn’s
disease and ulcerative colitis. Gastroenterology 1978;74:501–3.

19. Rugtveit J, Brandtzaeg P, Halstensen TS, Fausa O, Scott H.
Increased macrophage subsets in inflammatory bowel disease:
apparent recruitment from peripheral blood monocytes. Gut
1994;35:669–74.

20. Brannigan AE, O’Connell PR, Hurley H, O’Neill A, Brady HR,
Fitzpatrick JM, et al. Neutrophil apoptosis is delayed in patients
with inflammatory bowel disease. Shock 2000;13:361–6.

21. Saniabadi AR, Hanai H, Takeuchi K, Umemura K, Nakashima
M, Adachi T, et al. Adacolumn, an adsorptive carrier-based
granulocyte and monocyte apheresis device for the treatment of
inflammatory and refractory diseases associated with leukocytes.
Ther Apher Dial 2003;7:48–59.

22. Hanai H, Watanabe F, Saniabadi A, Matsushita I, Takeuchi K,
Iida T. Therapeutic efficacy of granulocyte and monocyte adsorp-
tion apheresis in severe active ulcerative colitis. Dig Dis Sci 2002;
47:2349–53.

23. Grisham MB, Yamada T. Neutrophils, nitrogen oxides and
inflammatory bowel disease, neuro-immuno-physiology of the
gastrointestinal mucosa. Ann NY Acad Sci 1992;664:103–15.

24. Roseth AG, Schmidt PN, Fagerhol MK. Correlation between
faecal excretion of Indium-111-labelled granulocytes and

calprotectin, a granulocyte marker. Scand J Gastroenterol 1999;
34:500–4.

25. Tibble JA, Sigthorsson G, Bridger D, Fagerhol MK, Bjarnason I.
Surrogate markers of intestinal inflammation are predictive of
relapse in patients with inflammatory bowel disease. Gastroenter-
ology 2000;119:15–22.

26. Hanai H, Watanabe F, Takeuchi K, Saniabadi A, Bjarnason I.
Leucocyte adsorptive apheresis for the treatment of active
ulcerative colitis: a prospective uncontrolled pilot study. Clin
Gastroenterol Hepatol 2003;1:28–35.

27. Hiraishi K, Takeda Y, Shiobara N, Shibusawa H, Jimma F,
Kashiwagi N, et al. Studies on the mechanisms of leukocyte adhe-
sion to cellulose acetate beads: an in vitro model to assess the
efficacy of cellulose acetate carrier-based granulocyte and mono-
cyte adsorptive apheresis. Ther Apher Dial 2003;7:334–40.

28. Ohara M, Saniabadi AR, Kokuma S, Hirata I, Adachi M, Agishi
T, et al. Granulocytapheresis in the treatment of patients with
rheumatoid arthritis. Artif Organs 1997;21:989–94.

29. Kashiwagi N, Hirata I, Kasukawa R. A role for granulocyte and
monocyte apheresis in the treatment of rheumatoid arthritis. Ther
Apher 1998;2:134–41.

30. Matsui T, Nishimura T, Matake H, Ohta T, Sakurai T, Yao T.
Granulocytapheresis for Crohn’s disease: a report on seven re-
fractory patients. Am J Gastroenterol 2003;511–2.

31. de Dombal FT, Softley A. IOIBD report no 1: observer variation
in calculating indices of severity and activity in Crohn’s disease.
International Organisation for the Study of Inflammatory Bowel
Disease. Gut 1987;28:474–81.

32. Irvine EJ, Feagan B, Rochon J, Archambault A, Fedorak RN,
Groll A, et al. Quality of life: a valid and reliable measure of
therapeutic efficacy in the treatment of inflammatory bowel dis-
ease. Canadian Crohn’s Relapse Prevention Trial Study Group.
Gastroenterology 1994;106:287–96.

33. Fuchigami T, Ohgushi H, Imamura K. Effects of total parenteral
nutrition on colonic lesion in Crohn’s disease: radiographic and
endoscopic studies. Gastroenterol Jpn 1982;17:521–9.

34. Kashiwagi N, Saniabadi A, Shimoyama T. Immunomodulatory
effects of granulocyte and monocyte adsorption apheresis as a
treatment for patients with ulcerative colitis. Dig Dis Sci 2002;
47:1334–41.


