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Abstract

Every-week (ew) adalimumab (ADA) maintenance following induc-
tion therapy with a standard induction regimen has recently been 
approved for use in Japan. The efficacy and safety of combination 
therapy with ew-ADA maintenance following standard induction reg-
imen plus intensive granulocyte and monocyte adsorptive apheresis 
(GMA) (two sessions/week) for the treatment of refractory ulcerative 
colitis (UC) displaying failure of conventional, biologics and Janus 
kinase inhibitor have not been evaluated previously. The present ret-
rospective study evaluated the 10-week efficacy of this combination 
therapy among refractory UC patients. Six patients were given initial 
ADA combination therapy (ADA at 160 mg in week 0, ADA 80 mg in 
week 2, and 40 mg in week 4, followed by ew-ADA at 40 mg/week) 
plus intensive GMA. One patient (16.6%) achieved clinical remis-
sion and two patients (33.3%) achieved endoscopic improvement by 
week 10. After excluding two patients who discontinued treatment, 
mean full Mayo score (P = 0.14), endoscopic subscore (P = 0.18) and 
C-reactive protein level (P = 0.27) at 10 weeks were numerically de-
creased compared with baseline in the remaining four cases, although 
the differences were not significant. Use of ew-ADA maintenance 

following standard induction regimen plus intensive GMA appears 
unlikely to achieve satisfactory induction of clinical remission in UC 
patients for whom conventional agents, biologics and Janus kinase 
inhibitors have failed.
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Introduction

Ulcerative colitis (UC) is characterized by mucosal ulceration, 
rectal bleeding, diarrhea, and abdominal pain. Studies have re-
vealed the efficacy and safety of adalimumab (ADA), an anti-
tumor necrosis factor (TNF)-α antibody, for the treatment of 
patients with moderate-to-severe UC who have failed to achieve 
clinical remission or response to conventional therapies com-
prising corticosteroids, azathioprine (AZA), and/or 5-aminosali-
cylic acid [1]. However, the 8-week efficacy of ADA monother-
apy for inducing clinical remission in randomized patients who 
failed to respond conventional therapy was only 16.5% after a 
standard induction regimen (SIR) (ADA at 160 mg in week 0, 
followed by 80 mg in week 2 and 40 mg in weeks 4 and 6) 
[1]. Logistic regression analyses based on pharmacokinetic and 
pharmacodynamic data from that study, the phase 3 ULTRA 2 
study, predicted that higher induction doses of ADA might pro-
vide greater efficacy in more patients with moderate-to-severe 
active UC [1]. A higher induction regimen (HIR) of ADA (160 
mg in weeks 0, 1, 2, and 3, followed by 40 mg in weeks 4 and 
6) did not provide any greater efficacy regarding 8-week clinical 
remission rates compared with the SIR [2]. The 52-week clinical 
remission rate under every-week (ew) ADA at 40 mg for main-
tenance therapy was significantly higher than that under every-
other-week (eow) ADA. Based on such findings, weekly ADA 
maintenance following SIR (ADA at 160 mg in week 0, fol-
lowed by 80 mg in week 2 and 40 mg in week 4 and subsequent 
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ew-ADA at 40 mg) has now been approved for use in Japan 
and the European Union [2]. However, the short-term efficacy 
of ew-ADA maintenance following SIR remains unclear.

Granulocyte and monocyte adsorptive apheresis (GMA) 
with Adacolumn® (JIMRO, Takasaki, Japan) is an efficacious 
and safe therapeutic option for patients with mild-to-moderate 
UC that proves refractory to pharmacotherapy [3]. Further-
more, intensive GMA, involving two sessions per week, ap-
pears superior to weekly GMA in terms of both remission rate 
and time to remission among patients with refractory UC [4]. 
However, this therapy is also considered to be limited because 
the efficacy of intensive GMA for inducing clinical remission 
in patients with severe UC is unsatisfactory [5].

We report herein a retrospective assessment of the 10-
week efficacy of combination therapy with ew-ADA mainte-
nance following SIR plus intensive GMA for UC patients in 
whom conventional agents, biologics and Janus kinase inhibi-
tors had failed.

Case Report

Investigations

Between October 2021 and December 2022, six consecutive 
patients with moderate and severe UC were recruited to this 
study from Nagoya City University Hospital and Gamagori 
City Hospital. Patients receiving combination therapy com-
prising ew-ADA maintenance following SIR plus intensive 
GMA for corticosteroid-refractory or corticosteroid-dependent 
UC or for refractory UC that showed loss of response to AZA, 
ustekinumab (UST) and tofacitinib (TOF) were enrolled.

All procedures in the present study were performed in 
compliance with the Declaration of Helsinki. All study proto-
cols were approved by the Ethics Committee at Nagoya City 
University (approval no. #60-210043) as the central review 
board for both participating institutions. As this retrospective 
study was categorized as a low-risk project given the use of 
approved treatments and obtaining express consent from each 
person was not feasible, informed consent was considered to 
have been obtained in the form of an opt-out available on the 
website of Nagoya City University Hospital during enroll-
ment.

Treatment and assessments

Disease activities and severities were assessed using full Mayo 
score [6] at baseline and at 10 weeks, and a partial Mayo score 
when worsening rectal bleeding or an increase in stool fre-
quency was observed or another treatment was added within 
the 10-week study period. Patients were enrolled to this study 
according to the following criteria: 1) corticosteroid-refractory 
or corticosteroid-dependent UC; or 2) loss of response to AZA, 
UST and TOF; and 3) moderate-to-severe UC (full Mayo score 
at baseline: 6 - 12), including an endoscopic subscore of 2 - 3 
despite concurrent treatment. Patients who failed to complete 
10-week combination therapy of ew-ADA maintenance fol-

lowing SIR plus intensive GMA were excluded from clinical 
assessment as discontinued cases. Only corticosteroid dosages 
were tapered off, as appropriate. The primary outcome was the 
clinical remission rate after 10 weeks of ew-ADA maintenance 
following SIR plus intensive GMA. Clinical remission was de-
fined as a full Mayo score ≤ 2 with no individual subscore > 
1. Other assessments at 10 weeks included clinical response 
(decrease in full Mayo score ≥ 3 from baseline and ≥ 30% 
plus ≥ 1-point decrease from baseline in rectal bleeding score 
(RBS) or absolute RBS of 0 or 1) and endoscopic improve-
ment (Mayo endoscopy subscore: 0 - 1) [7]. Among the four 
patients remaining after excluding two discontinued cases, 
changes in full Mayo scores, Mayo endoscopic subscore and 
C-reactive protein (CRP) values at baseline and 10 weeks were 
also evaluated. Data on any adverse events were recorded, in-
cluding date of onset, severity, outcome, and relationship of 
such events to the administered therapies.

Statistical methods

The data are presented as mean ± standard error, and compari-
sons were made using the Wilcoxon signed-rank test for paired 
data. Statistical analyses were performed using SPSS version 
27 software (IBM, Chicago, IL, USA). A significance level of 
0.05 was used for all statistical tests, and two-tailed tests were 
applied when appropriate.

Results

The demographic data of all study participants are shown in 
Table 1. Mean age was 34.5 years (range, 24 - 48 years), and 
mean disease duration was 3.75 years (range, 0.15 - 10 years). 
In terms of location, UC was extensive colitis in three cases, 
left-sided colitis in one case and distal colitis in two cases. 
Concurrent medications included 5-aminosalicylate, corticos-
teroids and AZA. Of the six patients, three were corticoster-
oid-dependent, two were corticosteroid-refractory, and one 
experienced loss of response to both UST and TOF but had 
not received anti-TNF-α antibodies. Mean full Mayo score 
and CRP level at baseline were 10.1 points and 1.53 mg/dL, 
respectively. Mean dose of concomitant corticosteroid was 
19.0 mg/day in five patients, with one patient using local rectal 
foam budesonide.

All six patients were initially provided combination ther-
apy comprising ADA at 160 mg in week 0, followed by 80 
mg in week 2 and 40 mg in week 4, with ew-ADA at 40 mg 
maintenance plus intensive GMA (two sessions per week). Of 
the six patients receiving combination therapy with ew-ADA 
maintenance following SIR plus intensive GMA, the propor-
tion of patients who achieved clinical remission by week 10 
(primary efficacy end point) was 16.6% (one of six patients). 
The proportions of patients achieving clinical response and 
endoscopic improvement (defined as endoscopy subscore ≤ 
1) were 50% (3/6) and 33.3% (2/6), respectively. In addition, 
all three patients who received corticosteroids or budesonide 
and completed 10-week combination therapy with ew-ADA 
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maintenance following SIR plus intensive GMA were able to 
discontinue corticosteroids or budesonide at 10 weeks. Me-
dian full Mayo score at baseline was 11 (interquartile range, 
10 - 11) and median CRP level at baseline was 1.10 mg/dL 
(interquartile range, 0.03 - 2.83) (Table 2). Two cases (cases 1 
and 2) received additional treatment of AZA at 4 and 8 weeks, 
respectively, because of insufficient response to combination 
therapy. These two patients were excluded from clinical as-
sessments as discontinued cases. For the remaining four cases, 
mean full Mayo score and endoscopic subscore changed from 
baseline values of 9.75 ± 0.94 and 2.5 ± 0.28, respectively, to 
4.0 ± 1.73 and 1.75 ± 0.48, respectively, at 10 weeks (Fig. 1a, 
b). No significant differences were observed between baseline 
and 10 weeks in terms of changes to mean full Mayo score (P = 
0.14) or endoscopic subscore (P = 0.18). Mean CRP levels for 
the four patients receiving combination therapy with ew-ADA 
maintenance following SIR plus intensive GMA were 1.26 ± 
0.59 mg/dL at baseline and 0.29 ± 0.24 mg/dL at 10 weeks. 
No significant decreases in CRP levels at 10 weeks were seen 
compared with baseline (P = 0.27) (Fig. 1c).

Table 1.  Baseline Demographic Variables of the Six Cases

Demographic Number of patients
Male/female 4/2
Age, years (range) 34.5 (24 - 48)
Mean disease duration, years (range) 3.75 (0.15 - 10)
Disease location (n, %)
  Extensive 3 (50)
  Left-sided 1 (17)
  Distal 2 (33)
Disease severity (n)
  Moderate/severe 2/4
Concurrent medication (n, %)
  5-aminosalicylic acid 5 (83)
  Corticosteroids 5 (83)
  Azathioprine 2 (33)
Prior exposure (n, %)
  Ustekinumab 1 (17)
  Tofacitinib 1 (17)
Mean baseline full Mayo scores 10.1
Mean CRP level, mg/dL (range) 1.53 (0.03 - 4.11)
Mean corticosteroids dose (mg/day) 19.0
Corticosteroid-dependent/-refractory (n, %)
  Dependent 3 (50)
  Refractory 2 (33)

Baseline demographic variables of the 6 cases with ulcerative colitis re-
fractory to medications including ustekinumab and tofacitinib, who were 
selected for combination therapy with every-week adalimumab main-
tenance following standard induction regimen plus intensive granulo-
cyte and monocyte adsorptive apheresis. Data are presented as mean 
value and range or number and percentage. CRP: C-reactive protein.
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Safety

No adverse events were observed. Exaggeration of symptoms 
with no improvement of UC was seen in two cases. No occur-
rence of lymphoma, non-melanoma skin cancer, leukemia, or 
tuberculosis were observed in the present study. Combination 
therapies with ew-ADA maintenance following SIR plus in-
tensive GMA were safe and well-tolerated.

Discussion

We have reported herein the inadequate efficacy of ew-ADA 
maintenance following SIR plus intensive GMA in six con-
secutive cases with refractory UC.

In clinical settings, ADA offers an efficacious therapy for 
induction and maintenance of clinical remission in patients 
with moderately-to-severely active UC [7, 8]. The overall 
8-week clinical remission rate during SIR with ADA in the 
ULTRA 2 study was 16.5% and that of patients allocated to 
receive placebo was 9.3% (P = 0.019). However, this result 
for SIR ADA was considered limited and logistic regression 
analysis of pharmacokinetic and pharmacodynamic outcomes 
suggested that greater efficacy may be obtained with a higher 
induction dose of ADA. In addition, in European countries, pa-
tients who experience a decrease in their response to eow-ADA 
40 mg as the recommended maintenance dose appear to bene-
fit from an increase in dose to ew-ADA 40 mg or eow-ADA 80 
mg [9]. Based on such findings, the phase 3, double-blinded, 
randomized, multicenter SERENE UC study was conducted to 
compare the safety and efficacy of higher and standard ADA 
dosing regimens for induction, and maintenance therapy com-
paring eow-ADA at 40 mg with ew-ADA at 40 mg in adults 
with moderate-to-severe active UC [2]. The HIR (with 160 mg 
at weeks 0, 1, 2, and 3) did not lead to superior clinical or 

endoscopic efficacy at week 8 compared with SIR, based on 
the result that the proportion of patients who achieved clini-
cal remission by week 8 (primary efficacy endpoint) was only 
13.8% with the HIR as compared to 11.6% in the SIR group 
(P = 0.297). Further, percentages of patients who achieved en-
doscopic improvement by week 8 were 30.5% in the HIR and 
26.9% in the SIR group. On the other hand, the percentage of 
patients showing clinical remission by week 52 (maintenance 
study primary endpoint) was 41.1% in patients randomized to 
ew-ADA and 30.1% in the integrated study population allo-
cated to eow-ADA (P = 0.045). As a result, ew-ADA appeared 
significantly superior to eow-ADA. Accordingly, ew-ADA 
maintenance following SIR was approved in Japan in 2021. 
However, in clinical settings, the short-term efficacy of ew-
ADA maintenance following SIR for refractory UC appears 
uncertain and is considered limited, suggesting that additional 
treatment is necessary for active UC patients who are biologi-
cally naive and show a loss of response to UST and TOF.

GMA is presently available in Europe and Japan for the 
treatment of active UC that may have become refractory to 
standard pharmacotherapies, including TNF-α blockers and 
UST. GMA depletes elevated and activated myeloid lineage 
leucocytes and is associated with a marked downregulation of 
inflammatory cytokines including interleukin (IL)-1β, IL-6, 
IL-8, and TNF-α and expression of leukocyte-related adhe-
sion molecules [10-12]. Our previous study investigating the 
efficacy of combination therapy with SIR ADA plus intensive 
GMA for 10-week induction in 10 patients with refractory UC 
showed that rates for clinical remission and endoscopic im-
provement of 55.6% and 66.7%, respectively. This led to spec-
ulation that adding intensive GMA to ADA might be effective 
as a combination therapy for inducing clinical remission and 
endoscopic improvements [13]. However, the present study 
found that the rates of clinical remission and endoscopic im-
provement at 10 weeks in six patients receiving combination 
therapy with ew-ADA maintenance following SIR plus inten-

Figure 1. Changes in mean full Mayo score (a), endoscopic subscore (b) and CRP value (c) between baseline and 10 weeks 
in six cases. Cases 1 and 2, in which the patients received additional drug because of insufficient response to this combina-
tion therapy, were excluded from analysis. Data are presented as mean ± standard error. Comparisons were made using the 
Wilcoxon signed-rank test for paired data. A significance level of 0.05 was used for all statistical tests, and two-tailed tests were 
applied as appropriate. CRP: C-reactive protein.
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sive GMA were only 16.6% and 33.3%, respectively. This sug-
gests that dose intensity combination therapy with ew-ADA 
maintenance following SIR plus intensive GMA is unsatisfac-
tory for inducing clinical remission and endoscopic improve-
ment and that no additive effects ware recognized for intensive 
GMA with ew-ADA maintenance following SIR. Patients who 
were enrolled in the present study were considered to have 
severe, refractory UC that was resistant to pharmacotherapy. 
Indeed, four of the six patients displayed severe UC (full Mayo 
score: 11), and one showed moderately refractory UC with 
loss of response to multiple drugs, including UST and TOF. 
Patients presenting with acute severe UC also experience no 
response to biologics [14]. Further, the percentage of patients 
who have previously received treatment with biologics and 
experienced loss of response to initial biologics, then achieve 
clinical remission when subsequently receiving secondary bio-
logics has been shown to be lower than that of patients who 
have not experienced exposure to biologics and achieve clini-
cal remission on receiving biologics for the first time [15]. In 
addition, the key inflammatory cytokine associated with flare 
and exaggeration of UC might not be TNF-α, but others. The 
present study has three major limitations: 1) The sample size 
(n = 6) was too small; 2) Patients with highly heterogeneous 
UC treatments, displaying corticosteroid-refractoriness or cor-
ticosteroid-dependence, and loss of response to AZA, UST or 
TOF were included; and 3) No control group with or without 
either ADA or GMA was used. Further prospective studies are 
needed to clarify the efficacy of combination therapy compris-
ing ew-ADA maintenance following SIR plus intensive GMA.

The safety profile of HIR for ADA showed a small number 
of serious infections, allergic reactions, worsening or new-on-
set psoriasis, and tuberculosis comparable with that of the SIR, 
indicating no additional signals [2]. In the present study, no ad-
verse events occurred within 10 weeks. Combination therapies 
with ew-ADA maintenance following SIR plus intensive GMA 
appear safe and well-tolerated.

Learning points

Following SIR plus intensive GMA, ew-ADA maintenance is 
well-tolerated, but unlikely to satisfactorily induce clinical re-
mission in refractory UC patients.
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