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Abstract

Background: Granulocyte and monocyte adsorption apheresis
(GMA) is a therapeutic option for remission induction in the active
ulcerative colitis (UC) patients. Effects of high processed blood vol-
ume of GMA as remission induction therapy on the long-term prog-
nosis of UC patients have remained unclear. For this study, we inves-
tigated the relation between re-exacerbation of UC and the processed
blood volume of GMA performed as induction therapy.

Methods: Data from UC patients treated using a total of 10 GMA
sessions as remission induction therapy during 2012 - 2022 were ret-
rospectively collected and analyzed. The relation between the GMA
dose, processed blood volume of GMA divided by body weight, and
UC re-exacerbation requiring inpatient treatment within 1 year was
evaluated.

Results: This study examined data of 72 active UC patients, with
median age of 44.4 years (65% male) and median GMA dose of 34.2
mL/kg/session. Kaplan-Meier analysis showed the 1-year exacerba-
tion-free rate was significantly higher in the higher GMA dose group
than in the lower GMA dose group (P = 0.008). Cox proportional
hazards regression analyses revealed a higher GMA dose as inversely
associated with the re-exacerbation of UC within 1 year (hazard ratio:
0.36, 95% confidence interval: 0.17 - 0.78). Extended treatment time
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of GMA session beyond 60 min contributed to achieving the higher
GMA dose and did not increase unexpected treatment termination be-
cause of clotting.

Conclusion: Greater processed blood volume of GMA per patient
body weight may be associated with a lower 1-year exacerbation rate
in UC patients.

Keywords: Ulcerative colitis; Granulocyte and monocyte adsorption
apheresis; Remission induction therapy

Introduction

Granulocyte and monocyte adsorption apheresis (GMA) is
applied as a non-pharmacological treatment strategy for in-
duction and/or maintenance of remission in active ulcerative
colitis (UC) patients. GMA treatment, performed using the ad-
sorption column fulfilled with carrier beads that interact with
fragment crystallizable-gamma receptor (FcyR) and comple-
ment receptor expressing on the surface of granulocyte and
monocytes/macrophages, selectively adsorbs and removes
these cells from the circulating blood. In fact, GMA is based
on the hypothesis that removal of proinflammatory cells from
a patient’s blood is beneficial for modulating disease activity
[1-5]. Pro-inflammatory cytokines such as tumor necrosis fac-
tor (TNF)-a and interleukin (IL)-1p are reduced as myeloid
leukocytes producing these humoral factors are directly ad-
sorbed and removed from circulation by GMA. Apoptotic cells
resulting from contact of leukocytes with GMA columns are
known to trigger the differentiation of CD19-positive B cells
into regulatory B cells producing a major anti-inflammatory
cytokine IL-10 [2, 4, 5]. Clinical efficacies of GMA for UC
have been reported from randomized controlled trials [6-9].
A recent meta-analysis has shown that GMA, as an adjunctive
therapy, is more effective for both inducing and maintaining
remission in UC patients than conventional pharmacological
therapy alone [3]. It has been suggested that treatment strate-
gies including GMA for remission induction affect the main-
tenance of long-term remission in UC patients [10-12]. Some
studies have demonstrated a relation between the therapeutic
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dose of GMA at remission induction and relapse-free rate until
6 months [13, 14]. However, it remains unclear whether the
therapeutic dose of GMA at remission induction is associated
with long-term patient prognosis.

The aim of this study was investigation of whether the GMA
dose, the processed blood volume per session divided by patient
body weight at remission induction therapy, is associated with
UC exacerbation requiring hospitalization for 1 year. We also
evaluated the efficacy and safety of treatment time extension,
which is a simple procedure to increase the GMA dose.

Materials and Methods

Study design and patients

We conducted a retrospective cohort study. The inclusion cri-
teria were: 1) adult (age 18 years and older) active UC patients
treated using GMA between April 1, 2012 and April 30, 2022
at a blood purification unit in a tertiary care hospital, and 2)
UC patients who started GMA twice weekly and completed a
total of 10 sessions. Twice weekly GMA treatment has been
reported as associated with a higher remission induction rate
than that of the weekly method and which is the standard GMA
treatment protocol at our hospital [6]. The decision of GMA in-
duction was made by the attending doctors of each UC patient,
independently of the physicians responsible for blood purifica-
tion. The exclusion criteria were the following: 1) patients who
had undergone fewer than 10 GMA sessions, 2) patients for
whom all GMA sessions were performed once a week at the
request of the patient or attending doctors, 3) patients who had
undergone a series of GMA treatment in the past 6 months, 4)
patients who did not show clinical improvement by GMA and
could not be evaluated for re-exacerbation, and 5) patients who
indicated refusal to participate in this study.

Institutional Review Board approval and ethical compli-
ance

All procedures performed in this retrospective study were ap-
proved by the Research Ethics Committee of the Faculty of
Medicine of the University of Tokyo (approval number, 2269).
All procedures performed in this study were in accordance
with the principles outlined in the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.

GMA treatment and definition of GMA dose

All GMA sessions were performed as remission induction
therapy for UC using an adsorptive column (Adacolumn®;
Jimro Co., Ltd, Gunma, Japan) in the extracorporeal circuit.
Vascular access was obtained by puncturing two upper extrem-
ity veins with 17 G needles at each GMA session. During the
treatment session, blood was drained from the patient’s body
and was circulated through the circuit at a rate of 30 mL/min
according to recommended manufacturing protocols. Nafamo-

stat mesylate, chosen as an anticoagulant considering the risk
of bleeding from the colon, was administered continuously
into the circuit during the treatment session. If nafamostat me-
sylate was considered unsuitable for the patient, sodium hepa-
rin was used. Acid citrate dextrose (ACD)-A solution was not
available at our center as an anticoagulant for extracorporeal
circulation. The standard treatment time of a GMA session
was 60 min. When the patient agreed with the physician who
explained the expected advantages and disadvantages of the
extended treatment time before starting a series of sessions,
GMA treatment time was scheduled for 90 min, with due con-
sideration for patient safety. After May 2019, all patients were
briefed on the extension of treatment time for GMA. The GMA
dose was defined as the processed blood volume per treatment
session divided by the body weight.

Data collection

Basic information of the participants was obtained from their
electronic medical records: age, gender, duration of UC, extent
of UC lesion, body weight, comorbidities (diabetes, hyperten-
sion, dyslipidemia, and chronic kidney disease with less than
60 mL/min/1.73 m? of estimated glomerular filtration rate),
smoking, alcohol drinking (more than three times per week),
processed blood volume and treatment time of GMA, medica-
tions for UC, and use of biological agents. Laboratory data
were also obtained from electronic medical records: white
blood cell count (WBC), hemoglobin (Hb), serum albumin
(Alb), serum C-reactive protein (CRP), and erythrocyte sedi-
mentation rate (ESR).

The clinical severity of UC before starting GMA was as-
sessed according to the criteria proposed based on the Truelove-
Witts index, as in previous reports [15-17]. Briefly, the severity
of UC in each participant was assessed based on six variables
(number of diarrhea instances, presence of bloody stool, fever,
tachycardia, anemia, and ESR) and was classified into one of
three categories: mild, moderate, or severe. We also evaluated
the Seo index to quantify the disease activity of UC before
GMA [18]. The Seo index score was calculated based on data of
bloody stool, number of defecations, ESR, Hb, and serum Alb.
Based on the score, we classified UC severity into three levels:
mild (less than 150), moderate (150 - 220), and severe (more
than 220). Clinical improvement and remission after completion
of GMA treatment were defined as a decrease in Seo index score
of 30 or more from the pre-GMA value and a Seo index score of
less than 120 after GMA, respectively [19].

Outcomes

Patient prognostic data were obtained through electronic medi-
cal records. The primary outcome was UC exacerbation, de-
fined as clinical worsening of UC requiring hospitalization
within 1 year after GMA. Although intensified outpatient treat-
ment might be given for worsening symptoms and laboratory
findings by individual physicians, we defined UC exacerba-
tions as described above to determine it more objectively. The
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GMA for UC
from Apr. 2012 to Apr. 2022
(N=104)

Excluded:

fewer than 10 sessions of GMA (N=19)

all GMA sessions performed once a week (N=6)
GMA within prior 6 months (N=6)

lack of clinical improvement (N=1)

A 4

Included in analysis
(N=72)

Figure 1. Flow diagram of the present study. GMA: granulocyte and monocyte adsorption apheresis; UC: ulcerative colitis.

occurrence and date of the first observed outcome for each
patient were investigated.

Statistical analysis

All statistical analyses were conducted using software (Bell-
Curve for Excel, version 4.05; Social Survey Research Infor-
mation Co., Ltd, Tokyo, Japan). Continuous data are expressed
as the median (interquartile range). Mann-Whitney U-tests
were used to compare continuous variables between two
groups. Chi-square test and Fisher’s exact test were used to
compare categorical variables. The Kaplan-Meier method and
the log-rank test were used to compare differences in primary
outcomes between the groups divided according to the GMA
dose and/or treatment time of GMA. Univariate and multi-
variate Cox proportional hazards regression analyses were
conducted to examine significant factors associated with UC
exacerbation within 1 year after GMA. Results for which a P
value less than 0.05 was obtained were inferred as representing
significant difference.

Results

Study participant characteristics

Of the 104 UC patients treated by GMA during the study pe-
riod, 72 patients were included in the analysis (Fig. 1). Patient
characteristics are presented in Table 1. The median age was
44 .4 years; 47 (65%) were male. The median duration from
UC diagnosis to GMA was 5.3 years. Clinical severity of UC
assessed by criteria proposed in our country was mild in six,
moderate in 57, and severe in nine patients. Severity of UC
classified according to the Seo index was mild in 20 patients,
moderate in 41, and severe in 11. The median GMA dose was

34.2 mL/kg/session. Outcome occurrence, hospitalization be-
cause of worsening of UC within 1 year after GMA, occurred
in 34 (47%) patients.

When all patients were divided into two groups based on
the median value of the GMA dose (34.2 mL/kg/session), the
lower GMA dose (LGD) group had a significantly higher pro-
portion of males (81% vs. 50%, P = 0.01) and greater body
weight (63.0 (57.8 - 68.7) vs. 51.0 (47.8 - 54.0), P < 0.01) than
the higher GMA dose (HGD) group. Duration, extent, and se-
verity of UC before starting GMA treatment were not signifi-
cantly different between the two groups. The HGD group had
significantly lower Hb levels (11.2 (10.6 - 12.1) vs. 12.7 (11.8
- 13.5) g/dL, P < 0.01). Medications at initiation of GMA and
use of biological agents during follow-up period were not sig-
nificantly different between the two groups. The exacerbation
rate of UC within 1 year after GMA was significantly higher
in the LGD group than in the HGD group (64% vs. 31%, P <
0.01).

Regarding laboratory data after a series of GMA treat-
ment, the HGD group had significantly lower CRP (0.02 (0.02
- 0.10) vs. 0.06 (0.03 - 0.23) mg/dL, P = 0.03) and a trend
toward lower WBC (8.8 (6.6 - 11.2) vs. 10.5 (9.0 - 11.7) x
103/uL, P = 0.09) than the LGD group (Table 2). The rate of
clinical improvement and/or remission after a series of GMA
treatment was not significantly different between the LGD and
HGD groups (78% vs. 89%, P = 0.34). No significant differ-
ences were found in medication at the beginning and end of
GMA treatment between the LGD and HGD groups (Tables
1 and 2). Sixty-five of the 72 patients were using 5-amino-
salicylic acid (5-ASA) at the start of GMA. Of the seven pa-
tients who were not on 5-ASA at the initiation of GMA, three
were started on 5-ASA medication after GMA initiation. The
remaining four patients did not use 5-ASA because of aller-
gies (N = 3) or followed a physician’s decision considering
stable clinical course after GMA initiation (N = 1). Four pa-
tients were not using prednisolone (PSL) before the initiation
of GMA but started PSL during a series of GMA treatments.
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Table 1. Patient Characteristics and Comparisons Between Groups Divided by GMA Dose

Variable All (N =72) (]i‘(‘)’:eve&cil‘g‘g) Higher GMA dose (N =36) P
Age, years 44.4 (28.7 - 54.3) 43.4 (34.1 - 56.5) 44.4 (28.0-53.2) 0.68
Male gender, n (%) 47 (65%) 29 (81%) 18 (50%) 0.01
Body weight, kg 56.9 (51.1-63.9) 63.0 (57.8 - 68.7) 51.0 (47.8 - 54.0) <0.01
Duration of UC, years 53(2.2-12.2) 3.6(1.6-17.4) 6.5 (3.3-10.5) 0.60
Extend of UC lesion (total/hemi-sided) 49/23 26/10 23/13 0.61
Clinical severity (mild/moderate/severe), n 6/57/9 3/28/5 3/29/4 0.94
Seo index (mild/moderate/severe), n 20/41/11 12/19/5 8/22/6 0.57
Seo index score 178 (147 - 205) 168 (140 - 212) 183 (154 - 202) 0.38
Comorbidities
Diabetes, n (%) 6 (8%) 4 (11%) 2 (6%) 0.67
Hypertension, n (%) 12 (17%) 6 (17%) 6 (17%) 1.0
Dyslipidemia, n (%) 4 (6%) 3 (8%) 1 (3%) 0.61
Chronic kidney disease, n (%) 6 (8%) 3 (8%) 3 (8%) 1.0
Current smoking, n (%) 14 (19%) 6 (17%) 8 (22%) 0.77
Alcohol drinking, n (%) 11 (15%) 8 (22%) 3 (8%) 0.19
WBC, x 103/uL 9.8 (7.5-13.0) 9.7 (7.8 - 12.7) 10.0 (7.3 - 13.5) 0.91
Hb, g/dL 11.9(10.9 - 12.8) 12.7 (11.8 - 13.5) 11.2 (10.6 - 12.1) <0.01
Alb, g/dL 33(2.9-3.7) 33(29-3.7) 3.4(2.7-3.7) 0.68
CRP, mg/dL 1.17 (0.29 - 3.26) 1.46 (0.38 - 3.30) 0.89(0.27 - 3.24) 0.50
ESR, mm/h 35 (19 - 48) 32 (17 - 43) 38 (22 - 49) 0.28
Medications at GMA initiation, n (%)
5-ASA 65 (90%) 32 (89%) 33 (92%) 1.0
AZA or 6-MP 8 (11%) 4 (11%) 4 (11%) 1.0
PSL 57 (79%) 30 (83%) 27 (75%) 0.56
5-ASA dose, mg/day* 4,000 (3,600 - 4,800) 3,800 (3,600 - 4,000) 4,000 (3,600 - 4,800) 0.07
AZA or 6-MP dose, mg/kg/day* 0.95 (0.66, 1.18) 0.66 (0.60, 0.93) 0.98 (0.96 - 1.23) 0.15
Biologics within 1-year after GMA, n (%) 34 (47%) 15 (42%) 19 (53%) 0.48
GMA dose, mL/kg/session 34.2 (28.6-39.2) 28.6 (26.6 - 31.6) 39.3 (36.4 - 47.5) <0.01
GMA session treatment time (60 min/> 60 min),n ~ 54/18 35/1 19/17 <0.01
UC exacerbation within 1-year after GMA, n (%) 34 (47%) 23 (64%) 11 (31%) <0.01

Continuous data are presented as median (IQR). *Analysis of administered cases only. Alb: serum albumin; 5-ASA: 5-aminosalicylic acid; AZA:
azathioprine; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; GMA: granulocyte and monocyte apheresis; Hb: hemoglobin; IQR:
interquartile range; 6-MP: 6-mercaptopurine; PSL: prednisolone; UC: ulcerative colitis; WBC: white blood cell count.

Two of these patients started PSL soon after the first GMA
session. The remaining two patients did not initiate PSL before
the first session of GMA because of patient preference or phy-
sician concern about hyperglycemia, but were subsequently
started on PSL. The rate of oral steroid use was significantly
lower in the HGD group than in the LGD group for patients in
the follow-up period at 6 months post-GMA (Supplementary
Material 1, jocmr.elmerjournals.com).

Ten patients (28%) in the LGD group and 11 (31%) in
the HGD group had received another series of GMA treatments
more than 6 months before the GMA in this study, with no sig-
nificant difference found between the two groups (P = 1.0).

Relation between outcome and GMA dose

The UC exacerbation rate within 1 year after GMA was com-
pared between groups with LGD and HGD groups using
Kaplan-Meier analysis and log-rank testing (Fig. 2). Results
showed that the 1-year UC exacerbation-free rate in the HGD
group was significantly higher than in the LGD group (P =
0.008). All-cause death, which could be a competing risk, was
not found during the follow-up period.

Analyses using univariate and multivariate Cox propor-
tional hazard models were conducted to evaluate the relation
between outcome and variables including GMA dose (Tables
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Table 2. Disease Severity, Laboratory Data, and Medications After a Series of GMA Treatments

Variable All(N =72) Lower GMA dose (N =36) Higher GMA dose (N = 36) P
Seo index (mild/moderate/severe),n  67/4/1 33/2/1 34/2/0 0.60
Seo index score 114 (105, 122) 114 (105, 121) 111 (105, 123) 0.89
clinical improvement/remission 60 (83%) 28 (78%) 32 (89%) 0.34
WBC, x 103/uL 9.8 (7.1, 11.5) 10.5 (9.0, 11.7) 8.8 (6.6, 11.2) 0.09
Hb, g/dL 12.7 (11.0, 13.4) 12.7 (11.1,13.7) 12.3 (10.5, 13.3) 0.27
Alb, g/dL 3.9(3.7,4.1) 3.8(3.6,4.2) 4.0 (3.7,4.1) 0.33
CRP, mg/dL 0.05 (0.02, 0.15) 0.06 (0.03, 0.23) 0.02 (0.02, 0.10) 0.03
ESR, mm/h 13 (5, 23) 15 (6, 27) 12 (4, 19) 0.28
Medication after GMA, n (%)

5-ASA 67 (93%) 33 (92%) 34 (94%)) 1.0

AZA or 6-MP 12 (17%) 6 (17%) 6 (17%) 1.0

PSL 61 (85%) 32 (89%) 29 (81%) 0.51

Continuous data are presented as median (IQR). Alb: serum albumin; 5-ASA: 5-aminosalicylic acid; AZA: azathioprine; CRP: C-reactive protein;
ESR: erythrocyte sedimentation rate; GMA: granulocyte and monocyte adsorption; Hb: hemoglobin; IQR: interquartile range; 6-MP: 6-mercaptopu-

rine; PSL: prednisolone; WBC: white blood cell count.

3 and 4). Results from univariate Cox regression analysis
showed significant relations between reduced risk of UC ex-
acerbation within 1 year and HGD (hazard ratio (HR): 0.39;
95% confidence interval (CI): 0.19 - 0.80; P = 0.01, Table 3).
Multivariate analyses were performed with adjustment for fac-
tors which have been reported as associated with UC exacer-
bation and factors with P values < 0.1 in univariate analysis
[20-22]. HGD was associated significantly with a reduced risk
of 1-year UC exacerbation in all models (Table 4).

Comparison between groups with standard and extended
treatment times of GMA

A total of 180 GMA sessions for 18 patients extended beyond
60 - 90 min of treatment time. A total of 540 sessions for 54 pa-

1.0 1

L.

tients were scheduled for 60 min (Table 5). When groups with
standard and extended treatment times were compared, the fre-
quency of sessions in which the actual processed blood volume
did not reach the standard treatment volume of 1,800 mL was
not significantly different between the two groups. Session
termination because of circuit coagulation was not different
between the two groups, but termination because of defeca-
tion was significantly more common in the extended treatment
time group (2.8% vs. 0.4%, P=10.01).

Kaplan-Meier analysis was performed to compare out-
comes between patient groups with standard and extended
treatment time of GMA. No significant difference in the
I-year UC exacerbation rate was found between standard (N
= 54) and extended (N = 18) treatment time groups (Fig. 3a).
However, when patients with a standard 60 min treatment time
were divided into two subgroups, one with a higher GMA dose

.
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Figure 2. Kaplan-Meier analysis for UC exacerbation within 1 year after GMA. GMA: granulocyte and monocyte adsorption

apheresis; UC: ulcerative colitis.
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Table 3. Results of Univariate Cox Regression Analysis for 1-Year UC Exacerbation After GMA

Variable HR (95% CI) P
Age 0.98 (0.96 - 1.00) 0.08
Male gender 1.60 (0.75 - 3.44) 0.22
Body weight 1.03 (0.99 - 1.06) 0.07
UC duration 0.996 (0.96 - 1.03) 0.84
Total colitis (vs. hemi-sided colitis) 2.05(0.89 - 4.71) 0.09
Clinical severity

Mild 1.88 (0.72 - 4.93) 0.20

Moderate ref

Severe 1.08 (0.38 - 3.12) 0.88
Seo index

Mild 0.68 (0.30 - 1.55) 0.36

Moderate ref

Severe 1.72 (0.72 - 4.10) 0.22
Seo index score 1.00 (0.99 - 1.01) 0.41
WBC 1.00 (1.00 - 1.00) 0.88
Hb 1.03 (0.84 - 1.27) 0.77
Alb 1.21(0.70 - 2.08) 0.50
CRP 1.02 (0.94 - 1.10) 0.66
ESR 1.00 (0.98 - 1.01) 0.67
Medications at GMA initiation

5-ASA 1.04 (0.32 - 3.40) 0.95

AZA or 6-MP 0.17 (0.02 - 1.22) 0.08

PSL 2.52(0.89 -7.17) 0.08
Biologics within 1 year after GMA 1.13 (0.58 - 2.21) 0.72
High GMA dose (vs. low GMA dose) 0.39 (0.19 - 0.80) 0.01
> 60 min of GMA session (vs. 60 min) 0.47 (0.18 - 1.21) 0.12

Alb: serum albumin; 5-ASA: 5-aminosalicylic acid; AZA: azathioprine; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; GMA: granulo-
cyte and monocyte adsorption; Hb: hemoglobin; 6-MP: 6-mercaptopurine; PSL: prednisolone; WBC: white blood cell count.

(> 34.2 mL/kg, N = 19) and one with a lower GMA dose (<
34.2 mL/kg, N = 35), and compared among the three groups,
the exacerbation-free rate was significantly lower in the group
with standard treatment time and lower GMA dose than in the
other two groups (log-rank; P = 0.016, Fig. 3b). Seventeen of
18 patients in the group with extended treatment time (94%)
achieved GMA dose of 34.2 mL/kg or higher.

Discussion

Our study demonstrated that a higher GMA dose, as calcu-
lated by dividing the processed blood volume by patient body
weight, might be associated significantly with reduced risk
of re-exacerbation of UC within 1 year. The UC exacerbation
rate was significantly lower in the group of patients with ex-
tended treatment time, a simple method of increasing GMA
dose, compared to the group of patients who had lower GMA
dose by standard treatment time. Unexpected termination of

GMA sessions because of any cause, such as circuit coagula-
tion, was not increased significantly by the extended treatment
time, suggesting that the treatment time extension was safely
conducted.

The association between processed blood volume per ses-
sion and clinical efficacy in GMA treatment as remission in-
duction therapy for UC has been demonstrated in earlier stud-
ies [13, 14]. Yoshimura et al compared a group with a standard
processed blood volume of 1,800 mL and a group with ad-
justed processed blood volume of 60 mL/kg according to the
patient’s body weight. They found that the latter group had
significantly reduced disease activity after a series of GMA
than the former, as well as higher response maintenance rate
at 6 months after GMA [14]. Kikuyama et al compared three
groups of patients who received standard therapeutic dose of
GMA, divided according to their weight. Their results revealed
the remission rate at week 6 as significantly higher in the low-
est body weight group, indicating that the ideal treatment dose
was 38.7 mL/kg or higher [13]. Our results from analyses in-
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Table 4. Results From Multivariate Cox Proportional Hazards Model for UC Exacerbation Within 1 Year After GMA

Variable HR (95% CI) P
Model 1
Higher GMA dose (vs. lower GMA dose) 0.36 (0.17 - 0.78) <0.01
Age 0.98 (0.95 - 0.997) 0.03
Male gender 1.19 (0.53 - 2.68) 0.67
Model 2
Higher GMA dose (vs. lower GMA dose) 0.37 (0.17 - 0.81) 0.01
Age 0.97 (0.94 - 0.998) 0.04
Duration of UC 1.02 (0.97 - 1.07) 0.42
Total colitis (vs. hemi-sided colitis) 1.38 (0.56 - 3.38) 0.48
Model 3
Higher GMA dose (vs. lower GMA dose) 0.38 (0.18 - 0.78) <0.01
Age 0.98 (0.96 - 1.01) 0.16
AZA or 6-MP use 0.21 (0.03 - 1.61) 0.14
PSL use 1.61 (0.55 - 4.72) 0.39
Model 4
Higher GMA dose (vs. lower GMA dose) 0.30 (0.14 - 0.64) <0.01
Age 0.98 (0.96 - 1.00) 0.07
GMA prior to 2017 (vs. later) 0.58 (0.28 - 1.21) 0.15
Model 5
Higher GMA dose (vs. lower GMA dose) 0.35 (0.17 - 0.74) <0.01
Age 0.98 (0.96 - 0.999) 0.04
GMA before May 2019 (vs. later) 1.25 (0.58 - 2.67) 0.57

AZA: azathioprine; Cl: confidence interval; GMA: granulocyte and monocyte apheresis; HR: hazard ratio; 6-MP: 6-mercaptopurine; PSL: predniso-

lone; UC: ulcerative colitis.

cluding multivariate Cox regression hazards model showed
that a GMA therapeutic dose of 34.2 mL/kg or higher was sig-
nificantly associated with a lower 1-year UC exacerbation rate,
which apparently does not conflict with results presented in
earlier reports.

Results of our study show that, although the 1-year out-
come was similar between the extended treatment time group
and the standard treatment time group with GMA dose of 34.2
mL/kg or higher, the 60 min treatment time group only achiev-
ing GMA dose of less than 34.2 mL/kg had a worse outcome

compared with the other two groups. Clinical efficacies of
GMA have been reported from around the world. The reported
response or remission rates vary widely from above 80% to
non-significant between publications [3, 7, 23]. In most earlier
studies, the processed blood volume of each GMA session was
fixed to 1,800 mL (at 30 mL/min blood flow for 60 min), al-
though the body weight of participants might have varied from
study to study. Therefore, in addition to heterogeneity of gen-
der, disease activity, and concomitant medications, differences
in GMA dose caused by differences in body weight might have

Table 5. Safety of GMA Sessions With Standard and Extended Treatment Time

Sessions with standard Sessions with extended

treatment time (N = 540) treatment time (N = 180) F

Less than 1,800 mL of actual processed blood volume in the session, n (%) 29 (5.4%) 5(2.8%) 0.22
Unexpected termination of the session, n (%) 29 (5.4%) 16 (8.9%) 0.13
Cause of unexpected termination, n (%)

Circuit coagulation 19 (3.5%) 11 (5.6%) 0.32

Defecation 2 (0.4%) 5(2.8%) 0.01

Allergy (because of anticoagulant) 3 (0.6%) 0 (0%) 0.58

Impossible draining of blood from the body 5(0.9%) 0 (0%) 0.34
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Figure 3. Comparison of groups divided by scheduled treatment time (a) and GMA dose (b). GMA: granulocyte and monocyte

adsorption apheresis.

affected the clinical efficacy for UC. Establishing the appro-
priate processed blood volume in a GMA session based on
body weight might contribute to effective treatment for UC
[13, 14]. Extending the treatment time, as was done for our
study subjects, would be a simple method to achieve adequate
GMA dose. It might be considered aggressively for patients
with greater body weight, whose GMA dose is inadequate for
60 min treatment.

The mechanism of the therapeutic effect obtained from
increased GMA dose by extended treatment time remains a
subject of debate. Although results suggest that the surface of
the GMA carrier saturates after 60 min of treatment, one report
has described that leukocytes in the outflow remain reduced
after prolonged (average 109 min) treatment, suggesting that
the adsorption capacity might be maintained [2, 14, 24]. Our
study showed that post-treatment white blood cell counts tend-
ed to be lower in the HGD group, in which nearly half of pa-
tients were treated for extended time, than in the LGD group.
It remains unclear whether the effect of GMA on increasing
anti-inflammatory humoral factors in the circulating blood is
enhanced with prolonged treatment time. That subject remains
open to study.

In the study described herein, no severe adverse effect
related to the use of adsorption column for GMA was ob-
served, although allergic reactions to the anticoagulant were
observed in three patients. Flushing and headache, adverse ef-
fects commonly described in reports of earlier studies, were
not observed in our study, at least not to a degree requiring
treatment termination [3, 14, 23, 25]. Extending the treatment
time did not increase session termination because of circuit co-
agulation, but it increased the frequency of treatment termina-

tion because of defecation compared to the standard treatment
time. In active UC patients for whom the defecation interval
became shorter, it would be desirable to set the adequate treat-
ment time for GMA sessions considering not only the target
GMA dose but also patient comfort and safety. For the present
participants, GMA sessions were terminated when they com-
plained of defecation even when the treatment time had not
reached the planned time, suggesting that GMA was conducted
considering the patient’s burden.

Crohn’s disease, which is classified as an inflammatory
bowel disease similarly to UC, is sometimes treated using
GMA to control disease activity. However, data demonstrat-
ing its efficacy have been limited. In a randomized controlled
study, GMA did not improve the remission induction rate in pa-
tients with moderate to severe Crohn’s disease [26, 27]. Even
in the same inflammatory bowel disease, UC and Crohn’s dis-
ease seem to respond differently to GMA treatment.

Our study had several limitations. First, because this study
included a small number of patients at a single center, it re-
mains unclear whether the results are applicable to patients at
other hospitals. Second, because this retrospective study was
based on data from medical records, it was not possible to as-
sess the clinical activity index by Lichtiger or Rachmilewitz or
to collect data of the endoscopic findings including Rachmile-
witz’s index. We attempted to assess disease severity using
indices such as the Seo index, which can be scored from the
medical record data. Considering an earlier report describing
that the Seo index correlates with disease activity indices in-
cluding endoscopic items, and demonstrating that endoscopic
items provide little additional information to indices of disease
activity of UC, the evaluation of disease activity of UC in this
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study might be sufficient [28]. Third, although medication of
GMA treatment was evaluated, cumulative doses of steroids
during the follow-up period were not evaluated. Fourth, the pa-
tients with severe disease activity in UC were few, but this fact
might indicate that our clinical practice is able to treat patients
early before they become severely ill. A large multicenter pro-
spective cohort study is warranted to address these limitations.

Conclusions

This study demonstrated that high GMA dose at remission in-
duction therapy was associated with a low 1-year re-exacer-
bation rate in UC patients. Extension of the treatment time of
GMA session might be useful to earn processed blood volume
for an adequate GMA dose without increasing severe adverse
events. Additional studies must be conducted to clarify the sig-
nificance of GMA as remission induction therapy for UC on
long-term prognosis.

Supplementary Material

Suppl 1. Medications 3 and 6 months after GMA treatments.
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