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Adsorptive Granulocyte and Monocyte Apheresis Is 
Effective in Ulcerative Colitis Patients Both with and 
without Concomitant Prednisolone
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Abstract
Background: The number of ulcerative colitis (UC) patients is 
increasing in Japan and other countries. Selective depletion 
of myeloid lineage leucocytes by adsorptive granulocyte and 
monocyte apheresis (GMA) with an Adacolumn (JIMRO, Taka-
saki, Japan) was introduced as a nonpharmacologic treat-
ment strategy in UC patients in 2000. GMA has been reported 
to be effective in clinical trials; however, the effect of con-
comitant prednisolone (PSL) on GMA needs to be clarified. 
Methods: Thirty-nine patients with active UC were treated 
with GMA at our institute between June 2009 and September 
2018. All patients received GMA therapy once or twice a week 
with the Adacolumn. Conventional medication was to be 
continued during the whole GMA treatment course. The clin-

ical response was retrospectively evaluated. Results: Accord-
ing to the partial Mayo score, remission was 33.3%, signifi-
cant efficacy 25.6%, effective 25.6%, and no response 15.4%. 
The average partial Mayo score was 6.2 ± 1.4 at entry and 
significantly declined to 1.8 ± 1.8 after GMA sessions (p < 
0.0001). The average number of bowel movements was 9.5 ± 
5.6 at entry and significantly declined to 3.0 ± 2.8 after GMA 
sessions (p < 0.0001). In a comparison between the group 
treated with concomitant PSL and the group without PSL, the 
change in partial Mayo score or the number of bowel move-
ments from entry to after GMA sessions was not significantly 
different. Among 24 patients treated by GMA with concomi-
tant PSL, 75% (18/24) became steroid free. Conclusions: The 
effect of GMA with concomitant PSL and that of GMA without 
PSL were not different, and GMA was effective irrespective of 
PSL administration. The present study showed that GMA had 
efficacy and led many UC patients treated by PSL to be ste-
roid free with no safety concern in the real world, although 
there is the possibility of recruitment bias due to the retro-
spective nature of the study. © 2020 The Author(s)
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Introduction

The number of ulcerative colitis (UC) patients is in-
creasing in Japan and other countries [1]. Steroids and 
immunosuppressants have been administered to UC pa-
tients. However, the chronic administration of these 
medications is associated with serious side effects such as 
treatment-related morbidity factors [2]. Selective deple-
tion of myeloid lineage leucocytes by adsorptive granulo-
cyte and monocyte apheresis (GMA) with an Adacolumn 
(JIMRO, Takasaki, Japan) was introduced as a nonphar-
macologic treatment strategy in UC patients in 2000. 
GMA is aimed at reducing the elevated and activated leu-
cocytes known to be sources of inflammatory cytokines 
[3]. GMA has been reported to be effective in clinical tri-
als; however, the effect of concomitant prednisolone 
(PSL) has yet to be clarified.

In the present study we retrospectively examined the 
clinical data of patients who underwent GMA , and inves-
tigated the effect of concomitant PSL on GMA.

Materials and Methods

Study Design and Objectives
This retrospective study aimed at identifying disease back-

ground features. Thirty-nine patients with active UC were treated 
with GMA at our institute between June 2009 and September 2018. 
In Japan the indication for GMA is patients with moderate to se-
vere UC, and GMA is officially approved by Japanese health insur-
ance. The physicians in charge decided on GMA treatment and 
combination usage of PSL or other drugs. Our institute had no 
clear criteria for choosing GMA for UC patients. The retrospective 
exploration showed a kind of trend toward GMA being applied for 
moderate UC, steroid dependent and steroid refractory patients, 
and patients who worry about side effects of steroids.

GMA Procedures
All patients received GMA therapy once to twice a week with 

the Adacolumn as previously described [4]. Conventional medica-
tion was to be continued during the whole GMA treatment course.

Evaluation of Efficacy
During the GMA treatment period, patients’ vital signs includ-

ing heart rate, blood pressure, and respiration rate were moni-
tored. Routine blood samples were taken at entry, after GMA treat-
ment, and at regular intervals during the observation period. The 
primary efficacy measures included the partial Mayo score [5] and 
number of bowel movements. The included patients were assessed 
at entry and after treatment. A reduction of 90–100% in the partial 
Mayo score was defined as “remission”; 70–89% decrease in symp-
toms was defined as “significant efficacy,” 30–69% as “effective,” 
and < 30% as “no response” according to the previous report [6]. 
“Total efficacy” was the sum of remission, significant efficacy, and 
effective fractions.

Statistics
When appropriate, numerical data are presented as mean ± SD 

values. Comparison of demographic variables was done using ei-
ther the Mann-Whitney U test or the Student t test using the JMP 
statistical package (SAS Institute, Vary, NC, USA).

Results

Baseline Demographic Variables
Thirty-nine patients with active UC received GMA 

treatment sessions. The patients’ main demographic vari-
ables are presented in Table 1. Systemic PSL was admin-
istered to 25 patients. Among the 39 patients included in 
this study, 4 did not complete the procedure for the fol-
lowing reasons: 2 allergic reactions (Grade 1, Common 
Terminology Criteria for Adverse Events Version 4.0), 1 
patient’s decision, and 1 difficulty of securing vascular ac-
cess. No serious adverse event was observed during the 
GMA sessions. The frequency of GMA was as follows: 
once in 1 patient, 3 times in 2 patients, 5 in 1 patient, 7 in 
2 patients, 9 in 1 patient, 10 in 11 patients, and 11 in 21 
patients. The timing of evaluating the efficacy of GMA 
was 1–2 weeks after the last GMA session. Eleven cases 
comprised the steroid refractory group. Before the start 
of the first GMA session, the dose and timing of PSL in 
each case, respectively, was 20 mg and 20 days, 30 and 5 
days, 30 and 24 days, 30 and 30 days, 30 and 42 days, 40 
and 3days, 50 and 7days, 50 and 9 days, 50 and 10 days, 
60 and 8 days, and 70 and 14 days. Five cases comprised 
the steroid dependent group. Before the start of the first 
GMA session, the duration of administration of PSL in-
cluding a temporary withdrawal period in each case, re-

Table 1. Baseline demographic variables of the 39 patients with 
ulcerative colitis

Age, years 37.9±19.5
Gender (male:female) 21:18
Medications (some overlapping)

None 2
Prednisolone (systemic) 25
Prednisolone (enema) 1
5-ASA or sulphasalazine (oral) 37
5-ASA (enema) 3
Azathioprine (oral) 8
Tacrolimus (oral) 4
Infliximab 1

Observation period, months 38±34

Data are presented as n or mean ± SD, as appropriate.
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spectively, was 1 year and 2 months, 1 year and 3 months, 
4 years, 6 years, and 13 years.

Clinical Efficacy Outcomes after GMA Sessions
According to the partial Mayo score, remission was 

33.3%, significant efficacy 25.6%, effective 25.6%, and no 
response 15.4% (Table 2). Effective cases accounted for 
84.6% of UC patients treated with GMA. Colonoscopic 
findings were classified according to the Mayo score [7], 
and those of patients who achieved mucosal healing are 
shown in Figures 1 and 2.

The clinical efficacy of GMA on changes in partial 
Mayo score evaluated at entry and after all GMA sessions 
(via line charts) is shown in Figure 1. The average partial 
Mayo score was 6.2 ± 1.4 at entry and significantly de-
clined to 1.8 ± 1.8 after GMA sessions (p < 0.0001). Paired 
analyses for the partial Mayo scores at entry and after 
GMA were compared between the PSL (–) and PSL (+) 
groups in Figure 2. In both groups partial Mayo score was 
significantly decreased from entry to after GMA sessions. 
The average number of bowel movements was 9.5 ± 5.6 
at entry and significantly declined to 3.0 ± 2.8 after GMA 
sessions (p < 0.0001). 

Effect of Concomitant PSL on GMA
The partial Mayo score at entry of the GMA-treated 

group with/without concomitant PSL is shown in Figure 3.  
No significant difference was observed between the 2 
groups. The change in partial Mayo score from entry to 
after GMA sessions of the GMA-treated group with/with-
out concomitant PSL is shown in Figure 4. The change in 
score of the group without PSL was 3.6 ± 2.8, and that of 
the group with concomitant PSL 4.8 ± 2.2. There was no 
significant difference between them. Furthermore, the 
change in partial Mayo score from entry to after GMA 
sessions was studied among the steroid-naïve, dependent, 
and refractory groups. The average change, respectively, 
was 5.2, 4.4, and 4.5. There was no significant difference 
among the 3 groups. 

As for the number of bowel movements at entry of the 
GMA-treated group with/without concomitant PSL, no 
significant difference was observed between the 2 groups; 
and as for the change in the number of bowel movements 
from entry to after GMA sessions, there was no signifi-
cant difference between them.

Clinical Course of Patients Treated with GMA
The 5-year cumulative nonoperative rate was 97.3%. 

The clinical course of cases treated with GMA in combi-
nation with PSL is shown in Figure 5. Among the 24 pa-
tients treated with GMA with concomitant PSL, 75% 
(18/24) became steroid free. 

Discussion

UC has a chronic nature, and patients need medica-
tions such as 5-ASA, thiopurines, PSL, or anti-TNF-α bio-
logics throughout life. These might lead to drug depen-
dency or loss of response, and adverse events often occur 
with conventional drugs. Nonpharmacological treatment 
like GMA would be suitable to avoid adverse side effects 
of drugs, especially corticosteroids. Suzuki et al. [4] showed 
efficacy of 85% and no severe adverse events in steroid-
naïve UC patients. Fukunaga et al. [8] selected corticoste-
roid refractory patients with active UC and showed the 
efficacy of GMA in preventing UC relapse. Yokoyama et 
al. [9] compared steroid responder, dependent, and re-

Table 2. Clinical efficacy outcomes after GMA sessions

Remission 13 (33.3)
Significant efficacy 10 (25.6)
Effective 10 (25.6)
No response 6 (15.4)

Data are presented as n (%).
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Fig. 1. The clinical efficacy of GMA on changes in partial Mayo 
score evaluated at entry and after all GMA sessions.
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fractory patients, and showed that steroid responder was 
a significant factor for maintaining remission. Although 
papers on GMA have been published, the comparison be-
tween GMA with PSL and GMA without PSL has never 
been studied. In the present study it is investigated. 

The outcome of the present investigation might be 
summarized as follows. Thirty-nine patients received 

GMA sessions for an active UC were retrospectively re-
viewed. All 39 patients had active disease in spite of re-
ceiving conventional medications (5-ASA or PSL). Re-
mission was achieved in 33.3%, significant efficacy in 
25.6%, effective in 25.6%, and no response in 15.4%. The 
total efficacy rate was 84.6%, which was close to the report 
of Suzuki et al. [4], and the 15.4% no response rate was 

0

1

2

3

4

5

6

7

8

9

10

Without PSL
p < 0.001

6.0 ± 1.4

2.5 ± 1.9

Pa
rti

al
 M

ay
o 

sc
or

e

Entry After GMA
sessionsa

With PSL
p < 0.001

0

1

2

3

4

5

6

7

8

9

Entry After GMA
sessions

6.3 ± 1.5

1.5 ± 1.8

Pa
rti

al
 M

ay
o 

sc
or

e

b

Fig. 2. The paired analyses for the partial 
Mayo scores at entry and after GMA were 
compared between PSL (–) (a) and PSL (+) 
groups (b).
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Fig. 3. Partial Mayo score at entry of GMA-treated group with/
without concomitant PSL.
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Fig. 4. The change in partial Mayo score from entry to after GMA 
sessions of GMA-treated group with/without concomitant PSL.
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similar to 18.0% in the report of Yokoyama et al. [9]. The 
efficacy of GMA with PSL was not significantly different 
from that of GMA without PSL.

A significant difference was observed in the change in 
partial Mayo score and number of bowel movements be-
tween entry and after GMA sessions. The cumulative non-
operative rate was 98.4%, and 75% of patients became ste-
roid free. Since this report was a clinical result and the pa-
tients’ careers were varied, it was impossible to identify 
patients with effective GMA. Furthermore, there is the pos-
sibility of recruitment bias due to the retrospective nature 
of the study. In 39 patients, only 5 comprised the steroid 
dependent group, and their steroid-free remission was only 
60%. The small number of patients in this group might have 
influenced the high steroid-free rate. As this is a retrospec-
tive study, the effects of other treatments could not be elim-
inated. However, regardless of the combined use of cortico-
steroid, there was a good response rate to GMA. 

Since GMA has fewer side effects than conventional 
drugs and has a high response rate, it is considered a suit-
able treatment method to try at an early stage of UC [4, 

10, 11]. Whether PSL is administered or not, GMA should 
be a choice of treatment for patients with active UC.
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