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Abstract

Background This prospective study was to assess the

safety and feasibility of daily granulocyte and monocyte

adsorptive apheresis (GMA) therapy in patients with active

ulcerative colitis (UC).

Methods Thirty consecutive patients with moderately or

severely active UC received daily GMA treatment (5 ses-

sions over 5 consecutive days) with the Adacolumn.

Adverse events (AE), patient tolerability, and clinical

symptoms were monitored daily.

Results Sixteen patients (53%) experienced AE during at

least one GMA session. The most frequent AE was mild

headache followed by fatigue and fever. None of the AE was

serious, and all patients completed the 5 consecutive GMA

sessions. Clinical symptoms (stool frequency and/or rectal

bleeding) were improved in 21 patients (70%) during the

course of GMA therapy. Clinical remission defined as normal

stool frequency and no rectal bleeding was achieved in 7

patients (23%) after 5 GMA sessions. Seven of 20 patients

(35%) with moderately active disease achieved clinical

remission, whereas none of the 10 patients with severely

active disease achieved clinical remission. Total and differ-

ential leukocyte counts, platelet count, and hemoglobin level

did not significantly change, but C-reactive protein level

significantly decreased during the course of GMA therapy.

Conclusions This is the first report on daily GMA in the

treatment of patients with UC. Daily GMA was safe and

well tolerated without serious AE. Furthermore, daily

GMA was associated with rapid improvement of clinical

symptoms in patients with moderately active UC. How-

ever, controlled trials are warranted to assess a definite

efficacy for daily GMA therapy.

Keywords Ulcerative colitis � Daily granulocyte and

monocyte adsorptive apheresis � Efficacy � Safety �
Tolerability

Introduction

Active ulcerative colitis (UC) is frequently associated with

infiltration of large numbers of leukocytes of the myeloid

lineage (granulocytes and monocytes) into the bowel

mucosa. Removal of the circulating activated leukocytes

by apheresis has the potential to alleviate the inflammation

in patients with UC and promote disease remission. In

Japan, since April 2000, granulocyte and monocyte

adsorptive apheresis (GMA) has been approved by the

Japan Ministry of Health and Welfare as one treatment

option for active UC [1, 2]. Several clinical trials have

shown that GMA is safe and effective for patients with

active UC [3–8]. A recent meta-analysis found that adverse

events (AE) were much less frequent in patients treated

with GMA as compared with those treated with steroids

[9]. Similarly, homogeneous evidence from randomized

controlled trials (RCTs) has shown that GMA induces

clinical remission in a higher proportion of patients as

compared to conventional medical therapy [9].

However, the optimal treatment regimen in terms of the

number and frequency of GMA sessions during a given

treatment time course remains to be established. Theoreti-

cally, intensive treatment may be more effective, in a shorter

time, but the risk of serious AE may increase. Two RCTs

[10, 11] comparing the safety and efficacy of weekly and
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twice-a-week regimens for active UC found that the rate of

clinical remission was higher in the twice-a-week treatment

group. Likewise, the mean time to remission was shorter

in the twice-a-week treatment group as compared with

the once-a-week regimen [10, 11]. Furthermore, the

twice-a-week treatment was well tolerated without any

serious AE [10, 11]. We were interested to see the safety

and efficacy of a more intensive GMA treatment frequency

like daily regimen. This was a prospective study in

patients with moderately or severely active UC with a major

focus on safety, tolerability, and patient compliance.

Patients and methods

Study design

This prospective, single-center study was undertaken at the

Yokkaichi Social Insurance Hospital, a referral center

treating a large number of patients with inflammatory

bowel disease in the Mie Prefecture of Japan. The study

was conducted in accordance with the principle of good

clinical practice and the Declaration of Helsinki. Our study

protocol was reviewed and approved by the ethics com-

mittee of our institution.

Patients

Patient inclusion criteria were: (1) age between 12 and

75 years; (2) endoscopic and histologic diagnosis of UC, not

having indeterminate colitis; (3) endoscopic inflammation in

the colon and the rectum at entry; (4) a disease activity index

(DAI) [12] score of at least 6; and (5) receiving one or more

of the following medications: sulphasalazine, mesalazine,

corticosteroids, or immunosuppressants, which had started

well in advance of entry to this study. Exclusion criteria

were: (1) patients with evidence of toxic megacolon or ful-

minant colitis; (2) malignancy; (3) serious cerebral, pul-

monary, cardiac, hepatic, or renal disease; (4) laboratory

abnormalities like leukocyte count less than 2,000/mm3 or

hemoglobin (Hb) less than 7.0 g/dL; (5) a known bleeding

disorder or receiving anticoagulant therapy other than for the

GMA procedure; and (6) a history of hypersensitivity reac-

tion during an extracorporeal procedure. In the case of an

underage patient, consent from one of the patient’s parents

was sought. Thirty consecutive patients who met the inclu-

sion criteria were treated in this study. Baseline demographic

characteristics of the 30 patients are shown in Table 1.

GMA therapy

Twenty of the 30 patients were treated in our outpatient

facility, the other 10 were treated as inpatients. GMA

therapy was done with the Adacolumn (JIMRO, Takasaki,

Japan), which is an adsorptive-type extracorporeal granu-

locyte and monocyte apheresis device with a volume of

335 mL, filled with about 220 g cellulose acetate beads of

2-mm diameter as the column adsorptive leukocytapheresis

carriers [1, 2]. Blood was drawn into the column from the

antecubital vein of one arm and returned to the patient via

the antecubital vein of the contralateral arm. After com-

pletion of each GMA session, the residual blood in the

column void volume and the circuit lines (approximately

200 mL) was returned to the patients by infusing physio-

logical saline at the blood inflow line. Vital signs were

continuously monitored during the GMA procedure. GMA

was administered daily, every 24 ± 3 h. The total number

of scheduled GMA sessions during this study was 5. The

GMA session time was 90 min/session, at 30 mL/min. It

was decided that when a patient develops a serious AE or a

serious abnormality in hematology during the daily treat-

ment, the GMA therapy should be stopped at that time. In

patients who were receiving corticosteroids at entry, the

steroid dose was to be tapered or discontinued in line with

clinical improvement. Patients receiving sulphasalazine,

mesalazine, or immunosuppressants at entry could continue

at the same dosage.

Assessment of safety and efficacy

Adverse events experienced during and after every GMA

session were recorded, and feasibility of the procedure was

assessed. As clinical symptoms, stool frequency, consis-

tency, presence or absence of abdominal pain, tenesmus,

rectal bleeding, and mucus discharge were recorded daily.

Stool frequency and rectal bleeding were scored according

to the DAI system [12]. Stool frequency score 0, normal

number of stools; score 1, 1–2 stools/day above normal;

score 2, 3–4 stools/day above normal; score 3, 5 or more

stools/day above normal. Rectal bleeding score 0, no

blood; score 1, streaks of blood with stools less than half of

the time; score 2, obvious blood with stools most of the

time; score 3, blood alone passed. The stool frequency and

rectal bleeding scores were recorded every 24 h after each

GMA session. Clinical remission was defined as normal

stool frequency (i.e., score 0) and no rectal bleeding (i.e.,

score 0) during 24 h after the fifth GMA session.

At entry (immediately before the first GMA session) and

after the treatment (1–3 days after the fifth session),

hematology data were obtained for all patients, including

total and differential leukocyte counts, Hb, platelet count,

C-reactive protein (CRP), total protein, albumin, creati-

nine, urea, sodium, potassium, chloride, alanine amino-

transferase (ALT), aspartate aminotransferase (AST),

alkaline phosphatase (ALP), lactic dehydrogenase (LDH),

total bilirubin, and blood cholesterol. Furthermore, the total
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and differential leukocyte counts, platelet counts, and Hb

level were measured immediately before each GMA ses-

sion in all patients. The changes in hematology data during

the treatment were monitored as part of AE evaluation.

Statistics

Comparison of frequencies was by using the chi-square test

with Yates’ correction. Continuous data are presented as

the mean ± SE values. The mean values between two

groups were compared by using the unpaired t test. The

change in values with time was evaluated by the paired

t test. P \ 0.05 was considered statistically significant.

A StatView-J 5.0 was used for the statistical analyses of the

data.

Results

Adverse events and patient compliance

All AE experienced during and after every GMA session

are presented in Table 2. Sixteen patients (53%) experi-

enced AE during at least one GMA session. Several

patients experienced more than one AE during one session.

The rate of AE did not significantly increase during sub-

sequent GMA sessions. The most common AE was mild

headache, observed during 15 of 150 sessions followed by

feeling of fatigue (10 of 150 sessions) and fever, 37–38�C

(9 of 150 sessions). None of these AE during this study was

judged to be serious, and all patients completed the 5 GMA

sessions according to the protocol.

Clinical efficacy outcomes

Figure 1 shows that the scores for both stool frequency and

rectal bleeding significantly decreased during the course of

Table 1 Baseline demographic characteristics of 30 patients with UC

who received daily GMA therapy

Parameter Value

Age (mean ± SE) 39 ± 3 years

Male/female 19:11

Duration of UC before entry (mean ± SE) 63 ± 15 months

Duration of the current exacerbation before entry

(mean ± SE)

2 ± 0.4 weeks

Clinical disease severity (n)

Severe (DAI score C9) 10

Moderate (6 B DAI score \ 9) 20

Medication for the current exacerbation (n)

Sulphasalazine or mesalazine 29

Corticosteroids 16

Azathioprine or tacrolimus 8

Extraintestinal manifestations (n)

Arthritis 2

Pyoderma gangrenosum 1

Extent of disease (n)

Pancolitis 7

Left-sided colitisa 17

Proctosigmoiditis 6

SE standard error, DAI disease activity index [12]
a Extending to the splenic flexure

Table 2 Adverse events

experienced during and after

every GMA session

Patient First GMA Second GMA Third GMA Fourth GMA Fifth GMA

A Fever Fever Fatigue, fever Fever Fever

B Fever Fatigue

C Fever Fever Headache

D Headache Headache Headache Headache Headache

E Itch

F Dizziness Fatigue Fatigue

G Fatigue

H Fatigue

I Dizziness Fatigue

J Headache,

fever, nausea

K Headache Fatigue

L Fatigue

M Fatigue

N Headache Headache

O Headache Headache Headache

P Headache Headache
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GMA therapy. The stool frequency and/or rectal bleeding

score decreased after 5 GMA sessions in 21 patients (70%).

Clinical remission defined as normal stool frequency and

no rectal bleeding was achieved in 7 patients (23%) after 5

GMA sessions. Seven of 20 patients (35%) with moder-

ately active disease (6 B DAI score \ 9) achieved clinical

remission, whereas none of the 10 patients with severely

active disease (DAI score C9) achieved clinical remission

(P = 0.09). Other potential factors that could impact

clinical remission during the course of daily GMA therapy

were investigated (Table 3). Age, gender, duration of UC,

duration of current exacerbation, medications for the cur-

rent exacerbation, and the extent of UC did not appear to

affect the likelihood of clinical remission.

Hematology data

Table 4 shows a significant fall in serum CRP during the

course of GMA therapy. Daily GMA potentially might

impact patients’ blood counts. However, there was no

0
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2.5

0
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1.0

1.5

2.0

1st 3rd 4th 5th2nd 1st 3rd 4th 5th2nd

Stool frequency Rectal bleeding

Mean SE Mean SE

GMA GMA

* * *
*

*
* * *

*
*

* P < 0.05 vs at entry

Fig. 1 Changes in stool

frequency and rectal bleeding

scores during a course of daily

GMA therapy

Table 3 Factors thought to

affect the likelihood of clinical

remission during a course of

daily GMA therapy

*Chi-square test

Clinical remission, n (%) P*

Age at entry 0.39

B35 years (n = 15) 5 (33)

[35 years (n = 15) 2 (13)

Gender 0.40

Male (n = 19) 3 (16)

Female (n = 11) 4 (36)

Duration of UC before entry [0.99

B5 years (n = 15) 4 (27)

[5 years (n = 15) 3 (20)

Duration of the current exacerbation before entry [0.99

B2 weeks (n = 15) 4 (27)

[2 weeks (n = 15) 3 (20)

Corticosteroid therapy at entry 0.84

Yes (n = 16) 3 (19)

No (n = 14) 4 (29)

Immunosuppressive therapy at entry [0.99

Yes (n = 8) 2 (25)

No (n = 22) 5 (23)

Extent of disease 0.16

Pancolitis (n = 7) 0 (0)

Left-sided colitis (n = 17) 6 (35)

Proctosigmoiditis (n = 6) 1 (17)
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significant change in hematology data including total and

differential leukocyte counts, platelet count, or Hb.

Follow-up data

Figure 2 shows a flow diagram of the patients’ follow-up

treatment and outcomes. All patients were followed for at

least 2 months after the last GMA session. The 7 patients

who achieved clinical remission during the daily GMA

treatment maintained remission. Among 23 patients with-

out clinical remission, 1 patient was treated with twice-a-

week GMA (5 sessions), 11 were given another course of 5

once-a-day GMA sessions, and 11 were treated with high-

dose steroids, immunosuppressants, and/or infliximab. Five

of the 11 patients who received further daily GMA sessions

achieved clinical remission, the other 6 required conven-

tional medication, or colectomy. Seven of the 11 patients

treated with high-dose steroids, immunosuppressants, and/

or infliximab achieved clinical remission. In 3 patients, UC

symptoms continued and 1 patient underwent colectomy.

Discussion

Currently, intensive GMA regimen (twice-a-week) is

applied to patients with active UC. However, this is the first

time that daily GMA has been used in UC patients. Our

major interest in this prospective study was to see if daily

GMA was feasible, safe, and well tolerated by the patients.

We found that 53% of the patients experienced AE during

Table 4 Changes in hematology data during a course of daily GMA therapy

At entry Day 1 Day 2 Day 3 Day 4 After treatment

Leukocyte count (/mm3) 8,430 ± 404 7,930 ± 528 7,940 ± 477 7,630 ± 399 7,580 ± 507 8,560 ± 687

Granulocyte count (/mm3) 6,430 ± 391 6,140 ± 508 5,770 ± 469 5,860 ± 353 6,090 ± 515 6,460 ± 625

Monocyte count (/mm3) 490 ± 56 403 ± 37 423 ± 46 440 ± 61 327 ± 30 483 ± 46

Lymphocyte count (/mm3) 1,490 ± 92 1,390 ± 96 1,400 ± 97 1,310 ± 95 1,140 ± 87 1,590 ± 112

Hemoglobin (g/dL) 12.7 ± 0.3 12.5 ± 0.3 12.3 ± 0.3 12.4 ± 0.3 12.4 ± 0.3 12.7 ± 0.3

Platelet count (9103/mm3) 322 ± 16 308 ± 16 292 ± 16 293 ± 16 282 ± 17 308 ± 20

C-reactive protein (mg/dL) 0.64 ± 0.16 – – 0.43 ± 0.12* – 0.27 ± 0.09*

Mean ± SE values are presented

At entry, immediately before the first GMA; Day 1, immediately before the second GMA; Day 2, immediately before the third GMA; Day 3,

immediately before the fourth GMA; Day 4, immediately before the fifth GMA; After treatment, 1–3 days after the fifth GMA

*P \ 0.05 versus at entry

Daily GMA (30 patients)

1 7

Clinical remission No clinical remission

7 23

1

5

Twice-a-week 
GMA (n=1)

Clinical 
remission

Another course of 
daily GMA (n=11)

Clinical 
remission

Clinical
remission

3

High-dose steroids, 
IM and/or IFX (n=11)

Symptoms 
continued

6

Colectomy
(n=3)

IM and/or 
IFX (n=3)

3 3

Colectomy 
(n=1)

1

No clinical
remission

11 11

3

Clinical 
remission

Fig. 2 Flow diagram of the

patients’ follow-up treatment

and outcomes. IM
immunosuppressants, IFX
infliximab
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at least one GMA session. In our previous trial in which

weekly or twice-a-week GMA was applied for moderate or

severe UC, the overall AE rate was 24% [13]. Compared to

weekly or twice-a-week GMA, the rate of AE in this trial

was higher. However, in our daily treatment, the rate of AE

did not significantly increase with the number of sessions.

The higher AE rate may be related to our rigorous

assessment process in this safety and feasibility study. The

most frequent AE was transient mild headache, followed

by feeling of fatigue and mild fever, which are commonly

observed during extracorporeal therapy [14]. In several

patients, headache could be prevented with common

painkillers before starting the scheduled GMA session.

None of the events was serious, and all patients completed

the 5 GMA sessions according to the treatment schedule,

i.e., patient compliance was 100%. Our experience indi-

cated that daily GMA is safe and well tolerated. Further-

more, we did not experience any technical problem;

feasibility was better than anticipated.

In Japan, a filtration-type leukocytapheresis (LCAP)

device, which does not use cellulose acetate beads, has also

been approved for treating active UC patients [15]. The

filter removes up to 100% of granulocytes and monocytes,

up to 60% of lymphocytes, and some platelets [15], but

also significant red cells [16]. Recently, Tsujikawa et al.

[17] investigated the safety and efficacy of daily LCAP

therapy (5 sessions over 5 consecutive days) in 6 patients

with moderately active UC. The Hb level in each patient

gradually decreased as well as the platelet count and by the

fifth session reached half of the value before the first ses-

sion. The clinical activity index in only 2 patients reached

remission level.

The GMA carriers of the Adacolumn we used in this

study adsorb most of the granulocytes and monocytes, a

significant fraction of platelets, and less than 2% of lym-

phocytes from the blood in the column; red blood cells are

spared [1, 2, 18]. We were aware that despite these

adsorption rates, leukocyte counts in the systemic circula-

tion of the patients are not significantly affected during or

immediately after a GMA session in weekly or twice-a-

week protocols. However, we were concerned that granu-

locyte and monocyte counts may significantly decrease

when patients receive daily GMA sessions. However, in

this trial, we found that total and differential leukocyte

counts did not significantly fall during or immediately after

the treatment. Similarly, the residual blood remaining in

the Adacolumn and circuit lines at the end of a GMA

session potentially can affect the Hb level. Therefore, we

had to ensure that in the daily GMA protocol, Hb level

remains stable. For this, the residual blood was returned to

the patients as described above and no significant fall in Hb

level was observed in any patient during this study. Also,

platelet count remained within the normal range.

In the present study, stool frequency and rectal bleeding

were mainly assessed according to the DAI system [12].

The clinical outcomes might be summarized as follows.

The stool frequency and rectal bleeding scores were

recorded every 24 h after each GMA session. In 70% of the

patients, stool frequency and/or rectal bleeding improved

during the treatment. Clinical remission defined as normal

stool frequency and no rectal bleeding during 24 h after the

fifth GMA session was observed in 23% of the patients.

The rate of clinical remission was 35% for moderate UC

versus 0% for severe UC. In our previous trial in which

weekly GMA was applied to treat moderate UC and twice-

a-week regimen for severe UC, the overall clinical remis-

sion rate was 45% after 5–10 GMA sessions [13].

Following the present experience, we believe that daily

GMA might produce similar effects, but in a shorter time.

In this study, no patient with severe UC achieved clin-

ical remission. The remission rate was lower than those in

previous studies with weekly or twice-a-week GMA [3–6].

This difference may be related to the duration of inter-

ventions and the timing of efficacy assessment. In this trial,

the efficacy was assessed immediately after a 5-day treat-

ment course. In contrast, in weekly or twice-a-week GMA

regimen, adjunct medications may affect the efficacy of

GMA during several weeks of the treatment.

In this trial, endoscopic examination was not done after

the treatment because we were aware that it can take sig-

nificant time before endoscopic improvement is observed

[13]. We believe that further GMA sessions after the daily

schedule (a total of 5 additional daily sessions) might

induce endoscopic remission (mucosal healing) along with

an increased clinical remission rate. We are planning to

investigate the relationship between the endoscopic find-

ings and the therapeutic effect of daily GMA in a future

study with a longer follow-up time.

In this study, 11 patients were treated with another

course of daily GMA (5 sessions), which was started

3 days after the initial daily treatment. The second course

of daily GMA therapy was also well tolerated without

serious AE in all the 11 patients. Throughout the study,

patients were willing to receive daily GMA, up to 10 ses-

sions or even more. Accordingly, we are planning to

investigate whether another 5 daily GMA sessions (total 10

sessions) is safe and produces better efficacy rate in a large

cohort of patients.

In conclusion, this is the first report on daily GMA in the

treatment of patients with active UC. Daily GMA was safe

and well tolerated without any serious AE. Daily GMA was

associated with rapid improvement of clinical symptoms in

patients with moderately active UC. However, controlled

trials are warranted to assess a definite efficacy for daily

GMA therapy. With a longer follow-up period, the full

efficacy of daily GMA therapy may show up because
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mucosal healing is time-dependent even when a treatment

is very effective. Therefore, in the future, it would be better

to assess the efficacy of daily GMA after a longer follow-

up time.
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