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Abstract

Monotherapy with a selective Janus kinase (JAK) inhibitor or in-
tensive granulocyte and monocyte adsorptive apheresis (GMA) has
been limited to patients with intractable ulcerative colitis (UC). No
previous reports have described the efficacy including histopatho-
logical evaluations and the safety of combination therapy with
upadacitinib (UPA) plus intensive GMA (two sessions per week)
for intractable UC showing resistance to conventional agents and
adalimumab. This retrospective study evaluated the 10-week clini-
cal and histopathological efficacy of induction combination thera-
py with UPA plus intensive GMA in patients with intractable UC.
Among eight patients (moderate UC, n = 1; severe UC, n = 7) who
received combination therapy with UPA plus intensive GMA, 50.0%
had achieved clinical remission by 10 weeks. Percentages of patients
with histological-endoscopic mucosal improvement and mucosal
healing at 10 weeks were 62.5% and 12.5%, respectively. After ex-
cluding one patient who discontinued treatment by week 10 because
of intolerance for UPA, mean full Mayo score, endoscopic subscore
and C-reactive protein concentration at baseline were 11.43 + 0.37,
3+ 0 and 1.29 + 0.70 mg/dL, respectively. Corresponding values
at 10 weeks were 2.28 £ 0.77 (P < 0.03), 1.14 + 0.34 (P < 0.03)
and 0.03 = 0.008 mg/dL (P < 0.05), respectively. Adverse events of
herpes zoster, temporary increase in creatinine phosphokinase and
anemia were observed in one patient each. One patient discontinued
combination therapy at week 4 because of temporary taste abnormal-
ity due to UPA. Combination comprising UPA plus intensive GMA
appears likely to achieve satisfactory induction of clinical remission
and histopathological improvement for patients with intractable UC
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for whom conventional agents and anti-tumor necrosis factor-a an-
tibody have failed.
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Introduction

Ulcerative colitis (UC) is characterized by mucosal ulceration,
rectal bleeding, diarrhea, and abdominal pain. Moderate-to-se-
vere UC often shows repeated flares and a continuously active
clinical course; such cases are considered intractable. UC is
thought to occur in people with a genetic predisposition fol-
lowing environmental exposure, with defects in the gut epithe-
lial barrier, microbiota, and dysregulated immune responses
strongly implicated [1]. Treatments for moderate-to-severe UC
include 5-aminosalicylic acid (5-ASA), corticosteroids, thio-
purines, biologics including neutralizing antibodies against tu-
mor necrosis factor (TNF)-a [2-4], interleukin (IL)-12 and/or
IL-23 [5, 6], integrins [7], small-molecule antagonists targeting
integrin-o4 [8] and Janus kinase (JAK) inhibitors [9, 10]. Upa-
dacitinib (UPA), a JAK inhibitor that is selective for JAK1, was
approved for the treatment of moderate-to-severe UC in Japan
in 2022 [11]. UPA can play a vital role in treating UC by in-
hibiting JAK1-STAT signaling, which is associated with intes-
tinal mucosal immunology and hemostasis, and plays roles in
epithelial proliferation, differentiation and activation of B cells
and differentiation and expansion of naive T helper cells into
Thl, Th2, Th9, and Th17 effector lymphocytes regulated by
IL-6, IL-11, and IL-13 [12]. UPA can therefore induce clinical
remission and histopathological improvement during induc-
tion therapy. Moreover, UPA may have a milder adverse event
profile compared to pan-JAK inhibitors like tofacitinib [13].
In addition, intensive granulocyte and monocyte adsorptive
apheresis (GMA) preformed in two sessions a week with Ada-
column® (JIMRO, Takasaki, Japan) is also available in Europe
and Japan for the treatment of patients with active UC that may
or may not be refractory to standard pharmacotherapy, biolog-
ics and JAK inhibitors [14, 15]. GMA depletes elevated and
activated myeloid lineage leucocytes and is associated with a
marked downregulation of inflammatory cytokines including
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IL-1B, IL-6, IL-8, and TNF-a and expression of leukocyte-
related adhesion molecules [16, 17]. The availability of these
therapeutic options can ameliorate short- and long-term dis-
ease activity, but monotherapy using these therapeutic options
has been limited to patients with intractable UC. Moreover, the
efficacy of intensive GMA in terms of the induction of clinical
remission in patients with severe UC has not been satisfactory
[18]. Thus, ingenuity in trialing therapeutic combinations that
are currently available in clinical settings is needed. A very
recent report showed that combination therapy with UPA and
intensive GMA appeared effective as a therapeutic option for a
patient with flare-up of severe UC associated with new-onset
active pyoderma gangrenosum [19]. With this background in
mind, the present retrospective study focused on the 10-week
clinical and histopathological efficacy of combination therapy
with UPA and intensive GMA for patients with intractable UC.

Case Report

Investigations

Eight consecutive patients with moderate or severe UC who
received combination therapy with UPA plus intensive GMA
in Gamagori City Hospital, Japan between January 2023 and
January 2024 were included in this study. The aim of the study
was to evaluate the efficacy and safety of combination treat-
ment with UPA plus intensive GMA. The following inclusion
criteria were applied: 1) UC that was refractory or depend-
ent on corticosteroids or showing loss of response to TNF-a
antagonists and/or immunosuppressants; and 2) moderate-to-
severe active UC, with a full Mayo score of 6 - 12 at baseline
(including an endoscopic subscore of 2 - 3) despite concurrent
treatment with 5-ASA, corticosteroids, azathioprine (AZA)
and/or TNF-a antagonists.

Only dosages of corticosteroids were tapered off as ap-
propriate during the 10-week clinical course. UPA was admin-
istered at 45 mg once a day for 8 weeks as induction therapy,
then at 30 mg once a day as maintenance therapy. A total of
10 sessions of GMA were simultaneously provided in two
sessions a week (intensive procedure) during UPA induction
therapy. UPA was decreased to 30 mg/day during induction
therapy or 15 mg/day during maintenance therapy when ad-
verse events occurred for which UPA administration was con-
sidered contributory.

Exclusion criteria were: 1) diagnosis of Crohn’s disease,
indeterminate colitis, fulminant colitis, toxic megacolon, or
disease limited to the rectum; 2) active infection; 3) previous
exposure to JAK inhibitors (tofacitinib, filgotinib and UPA);
4) exposure to conventional or intensive GMA within 56 days
prior to combination therapy; and 5) allergy to UPA. Prohibited
concomitant therapies included biologics, cyclosporine, tac-
rolimus, live vaccines, AZA, and 6-mercaptopurine. The study
protocol was approved by the Institutional Review Board of
Gamagori City Hospital (approval no. GH #160-5). The study
was conducted in compliance with the ethical standards of the
responsible institution on human subjects as well as with the
Helsinki Declaration.
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Treatment and assessments

Disease activities and severities were assessed using the full
Mayo score [20] at baseline and at 10 weeks, and a partial
Mayo score for points of treatment discontinuation due to
worsening rectal bleeding or increased stool frequency because
of insufficient response to UPA and addition of another treat-
ment within the 10-week study period, or when adverse events
due to UPA treatment were observed and UPA was discontin-
ued. The stool frequency subscore of the Mayo score was: 0:
normal number of stools; 1: 1 - 2 stools more than normal; 2:
3 - 4 stools more than normal; or 3: > 5 stools more than nor-
mal. The rectal bleeding subscore of the Mayo score was: 0: no
blood seen; 1: streaks of blood seen with stool less than half of
the time; 2: obvious blood seen with stool most of the time; or
3: blood alone passed. The primary outcome was the clinical
remission rate after 10 weeks of UPA (induction UPA at 45 mg/
day for 8 weeks plus intensive GMA, then maintenance UPA
at 30 mg/day for 2 weeks). Clinical remission was defined 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 an
absolute RBS of 0 or 1) and histological-endoscopic mucosal
improvement (endoscopic score < 1 without friability and Ge-
boes score < 3.1) [11, 21]. Histopathological findings in the
epithelium and submucosa of the colon in biopsy specimens
taken from the area of most severe inflammation were evalu-
ated using the Geboes score [22]. Briefly, the score was struc-
tured as a six-grade classification system for UC inflammation
as follows: 0: structural change only; 1: chronic inflammation;
2: neutrophils present in lamina propria; 3: neutrophils present
in epithelium; 4: crypt destruction; and 5: erosions or ulcers.
Histological-endoscopic mucosal improvement was defined as
an endoscopic score < 1 without friability and Geboes score <
3.1, while mucosal healing was defined as an endoscopic score
of 0 and a Geboes score <2 [11].

Among the seven patients remaining after excluding one
discontinued case, changes in full Mayo scores, Mayo endo-
scopic subscores and C-reactive protein (CRP) concentrations
at baseline and 10 weeks were also evaluated. Data on any ad-
verse events were recorded, including date of onset, severity,
outcome, and relationship of such events to the administered
therapies.

Data are presented as mean =+ standard error of the mean,
and comparisons were made using the Wilcoxon signed-rank
test for paired data. In addition, 95% confidence intervals (Cls)
were also assessed using the paired #-test. Statistical analyses
were performed using SPSS version 27 software (IBM, Chi-
cago, IL, USA). A significance level of 0.05 was used for all
statistical tests, with two-tailed tests applied when appropriate.

Outcomes

The demographic characteristics of included patients are shown
in Table 1. The mean age of included patients was 46.3 years
(range, 18 - 78 years), and mean disease duration was 13.6
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Table 1. Baseline Demographic Data of Eight Cases That Re-
ceived Combination Therapy With UPA and Intensive GMA for
Intractable UC

Demographic characteristics

Male/female, n 5/3
Age, years 46.3 (18 - 78)
Disease duration, years 13.6 (1.3 -26)
Location of lesions, n

Extensive

Left-sided

Distal 1
Severity, n

Moderate/severe 1/7
Concomitant medications for UC, n

Corticosteroid 7

Mesalamine 7 (2: allergic)
Prior use, n

Azathioprine 1

Adalimumab 1
Full Mayo score at baseline 11.509-12)
Endoscopic subscore at baseline 3(3)

CRP at baseline, mg/dL 1.83 (0.03 - 5.57)

Data are presented as mean (range) or number. CRP: C-reactive pro-
tein; GMA: granulocyte and monocyte adsorptive apheresis; UC: ul-
cerative colitis; UPA: upadacitinib.

years (range, 1.3 - 26 years). Regarding colonic involvement,
two had extensive colitis, five had left-sided colitis and one
had distal colitis. Concurrent medications included 5-ASA,
corticosteroids, AZA and adalimumab (TNF-o antagonist).
Of the seven patients, five were corticosteroid-refractory, two
were corticosteroid-dependent, and one had experienced loss
of response to AZA and adalimumab. Mean full Mayo score
and CRP levels at baseline were 11.5 (range, 9 - 12) and 1.83
mg/dL (range, 0.03 - 5.57 mg/dL), respectively (Table 1). The
scores of stool frequency and rectal bleeding at baseline were
also high (Table 2).

Among the eight patients, including one case that has re-
cently been described (case 3) [19], who received combination
therapy with UPA and intensive GMA, one patient discontin-
ued combination therapy within 4 weeks after reporting ad-
verse events of taste abnormality and subsequently received
induction infusion of mirikizumab (an anti-IL-23 antibody) at
300 mg on three occasions at 4-week intervals. Clinical remis-
sion and response rates at 10 weeks were 50.0% and 75.0%,
respectively (Table 2). Moreover, percentages of patients with
histological-endoscopic mucosal improvement (endoscopic
score < 1 without friability and Geboes score < 3.1) and mu-
cosal healing (endoscopic score of 0 and Geboes score < 2)
[11] at 10 weeks were 62.5% and 12.5%, respectively (Table
2). In addition, all six patients who received corticosteroids
and completed 10-week combination therapy with UPA and
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intensive GMA and one patient who was switched from this
combination therapy to mirikizumab were able to discontinue
corticosteroids within 10 weeks (100%) (Table 2). Of the seven
patients who completed the full 10-week combination therapy
with UPA and intensive GMA, mean full Mayo score decreased
from 11.43 + 0.37 at baseline to 2.28 + 0.72 at 10 weeks (P <
0.03) and mean endoscopic subscore decreased from 3 + 0 at
baseline to 1.14 + 0.34 at 10 weeks (P < 0.03) (Fig. la, b).
Mean CRP level decreased from 1.29 + 0.70 mg/dL at baseline
t0 0.034 = 0.008 mg/dL at 10 weeks (P < 0.05) (Fig. 1c). These
improvements were significant (Fig. 1). In addition, paired ¢-
testing was performed to analyze the 95% CI. The difference
in mean Mayo score between 10 weeks and baseline was -9.0
(95% CI: -11.7 to -6.3; P < 0.001), the difference in mean CRP
concentration between 10 weeks and baseline was -1.3 (95%
CI: -3.2t0 0.7; P = 0.076), and the difference in mean endos-
copy subscore between 10 weeks and baseline was -1.7 (95%
CI: -2.7 to -0.7; P = 0.007). Outcomes of paired ¢-tests were
consistent with those of Wilcoxon signed-rank tests except for
the difference in mean CRP concentration.

Adverse events were observed in three patients, compris-
ing herpes zoster and transient increase in creatinine phospho-
kinase (CK) due to intense physical exercise in one case (case
1) and mild anemia in one case (case 3). In case 1, UPA was
not discontinued and all 10 sessions of intensive GMA were
completed. In case 3, UPA was decreased to 30 mg/day and
all 10 sessions of intensive GMA were completed. Anemia
quickly resolved. One patient experienced taste abnormality
within 4 weeks; UPA was discontinued and taste abnormality
rapidly improved. In general, combination therapy with UPA
plus intensive GMA appeared safe and well tolerated.

Discussion

We have reported here that combination therapy with UPA
plus intensive GMA could reduce the 10-week clinical activ-
ity comprising CRP concentrations and endoscopic activity in
addition to histopathological improvement in patients with in-
tractable UC.

UPA is a potent, orally active and selective JAK1 inhibi-
tor that suppresses JAK signal transducers and activators of
the transcription pathway, thereby downregulating expressions
of multiple immune-relevant mediators and inflammatory cy-
tokines that are implicated in the pathogenesis of inflamma-
tory bowel disease [23, 24] by competing with ATP and by
blocking nucleotide binding to inhibit kinase activity and the
phosphorylation of downstream effectors, then suppressing
signal transducer and activator of transcription dimer forma-
tion, its translocation to the nucleus and promotor binding
[25]. Moreover, UPA has the potential to improve the benefit-
to-risk profile in patients with refractory immune-mediated
diseases by minimizing the inhibitory effects on other JAK
isoforms compared to less selective JAK inhibitors [26, 27].
In two multicenter, double-blinded placebo-controlled trials of
patients with moderate-to-severe active UC presenting with a
mean adapted Mayo score of 7.0 (moderately active UC), sig-
nificantly more patients achieved clinical remission by week 8
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Table 2. Clinical Course Through 10 Weeks

Pretreated Baseline
No. Age Sex ]?isease dura- Disea}se PSL Full  Stool Rectal Endo CRP Geboes score
tion (years) location Drugs X
(mg) Mayo frequency bleeding score (mg/dL) (grade)

1 47 M 26 Left-sided - 10 9 3 1 3 0.65 52
2 33 M 4.8 Extensive - 40 11 3 2 3 243 5.2
3a 44 F 22 Extensive - 30 12 3 3 3 5.54 54
4 39 M 21 Left-sided - 20 12 3 3 3 0.03 5.4
5 59 F 21 Distal ADA,AZA 0 12 3 3 3 0.03 5.1
6 52 M 3 Left-sided - 30 12 3 3 3 0.23 5.3
7 18 M 1.3 Left-sided - 30 12 3 3 3 0.12 52
8 78 F 10 Left-sided - 5 12 3 3 3 5.57 5.4

Disease Treated At 10 weeks

dura-  Disease =
No- Age S€X fion  location  UPA ::lvt: : Full Mayo ?rt:-o‘ leZtha-l Endo ., CRP ﬁi‘iﬁes PSL

(years) GMA quency ing seore (mg/dL) (grade) (mg)
1 47 M 26 Left-sided + + 3 1 0 1 - 0.05 3.1 0
2 33 M 48 Extensive  + 3 7 2 0 3 - 0.01 52 0
33 44 F 22 Extensive  + + 3 0 0 2 - 0.03 2A.1 0
4 39 M 21 Left-sided + Sl 1 1 0 0 + 0.0l 2A.1 0
5 59 F 21 Distal + + 1 0 0 1 + 0.08 2A2,2B2 O
6 52 M 3 Left-sided + + 1 0 0 1 +  0.03 2A.1 0
7 18 M 13 Left-sided + + 0 0 0 0 + 0.03 1.1 0
8 78 F 10 Left-sided + + 1° (4 weeks) 0P ob - 0.13b 0

aFrom Reference 19. PPartial Mayo scores except for endoscopic subscore, stool frequency, rectal bleeding and CRP concentration at week 4 are
shown. Stool frequency subscore of Mayo score: 0: normal number of stools; 1: 1 - 2 stools more than normal; 2: 3 - 4 stools more than normal; 3: =
5 stools more than normal. Rectal bleeding subscore of Mayo score: 0: no blood seen; 1: streaks of blood seen with stool less than half the time; 2:
obvious blood seen with stool most of the time; 3: blood alone passed. ADA: adalimumab; AZA: azathioprine; CR: clinical remission; CRP: C-reactive
protein; Endo score: endoscopic subscore; Full Mayo: full Mayo score; GMA: granulocyte and monocyte adsorptive apheresis; PSL: prednisolone;

UPA: upadacitinib.

in the group with UPA at 45 mg/day than in placebo groups
(26% vs. placebo 5% and 34% vs. placebo 4%; P < 0.0001)
and more patients also achieved clinical response with UPA
at 45 mg/day than in placebo groups (73% vs. placebo 27%
and 74% vs. placebo 25%; P < 0.0001). In addition, rates of
patients achieving histologic-endoscopic mucosal improve-
ment (Mayo endoscopic subscore < 1; Geboes score < 3.1)
at 8 weeks with UPA at 45 mg/day were significantly greater
than in placebo groups (30% vs. placebo 6% and 36% vs. pla-
cebo 6%, respectively; P <0.001). Moreover, rates of patients
achieving mucosal healing (Mayo endoscopic subscore 0; Ge-
boes score < 2.0) at 8§ weeks were also significantly greater
with UPA at 45 mg/day than with placebo (11% vs. placebo
1% and 13% vs. placebo 2%, respectively; P < 0.001) [28].
UPA monotherapy is thus clinically and histopathologically
effective, but is considered to have limited effect on intrac-
table UC. Additional treatment would be necessary for active
UC patients who are biologically naive and have lost response
to TNF-a antagonists. In the present study investigating the
efficacies of combination therapy with UPA plus intensive
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GMA on eight patients consisting of seven patients with se-
verely active UC in large part (one patient presenting with an
adapted Mayo score of 8, and six patients presenting with an
adapted Mayo score of 9) and one patient with moderately
active UC, rates of clinical remission and histological-endo-
scopic mucosal improvement at 10 weeks were 50.0% and
62.5%, respectively. Based on these outcomes, the addition
of intensive GMA to UPA monotherapy appears effective for
inducing clinical remission and histological-endoscopic mu-
cosal improvement among patients with severely active UC.
Additional positive investigations in a larger cohort of pa-
tients are warranted to verify this finding.

Next, GMA with Adacolumn® (JIMRO, Takasaki, Japan)
offers an efficacious and safe therapeutic option for patients
with immune-mediated diseases such as mild-to-moderate
UC and pyoderma gangrenosum that prove refractory to
pharmacotherapy [29, 30]. The column in GMA selectively
traps activated granulocytes by binding Mac-1 expressed on
the granulocytes to iC3b on beads [31]. In addition, immu-
noglobulin G on cellulose acetate beads mediates adsorption
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Figure 1. Clinical outcomes at baseline and 10 weeks in seven patients who completed 10-week combination therapy with UPA
plus intensive GMA. Mean full Mayo scores (P < 0.03) (a), endoscopic subscores (P < 0.03) (b), and CRP concentrations (P
< 0.05) (c) show significant differences between baseline and 10 weeks after analysis using the Wilcoxon signed-rank test for
paired data. *P < 0.03; **P < 0.05. CRP: C-reactive protein; GMA: granulocyte and monocyte adsorptive apheresis; UPA: upa-

dacitinib.

through Fcy receptors on myeloid-lineage cells. GMA also
removes CDI11b" activated neutrophils, thereby reducing
the infiltration into inflamed regions [32, 33]. A decrease
in peripheral CD14" CD16" monocytes (pro-inflammatory
phenotype) and an increase in circulating levels of the CD4"
CD25high*/FOXP3 phenotype (functional regulatory T cells)
are observed in the blood of patients after GMA treatment. An
increased level of regulatory T cells thus actively suppresses
inflammatory responses by producing anti-inflammatory cy-
tokines such as IL-10, IL-35 and transforming growth factor
B [34]. Moreover, in patients with active UC, downregula-
tion of the leukocyte adhesion molecule L-selectin and neu-
trophil adhesion to endothelial cells activated by IL-1p were
observed after in vitro exposure of peripheral blood to cel-
lulose acetate beads that comprise a main part of Adacolumn
[35]. Such findings suggest that combination therapy works
by drastically downregulating circulating inflammatory cy-
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tokines and expressions of adhesive molecules on activated
granulocytes, as an effect of GMA, and by downregulating
local inflammatory cytokines at microenvironmental sites in
the gut mucosa, as an effect of UPA [14, 36]. These down-
regulations combined induced rapid clinical remission and
histological-endoscopic mucosal improvement. In addition,
serious adverse side effects have been rare among patients
receiving GMA [18].

Regarding safety in the present study, herpes zoster and
increased levels of CK were seen in one patient, and mild
anemia was seen in one patient. In addition, taste abnormal-
ity requiring rapid UPA discontinuation was observed within
4 weeks in one patient. These findings were consistent with
adverse events reported from early post-marketing phase phar-
macovigilance regarding safety and adverse events associated
with UPA in Japanese patients with UC [37]. Increased risks
for hematological disorders, opportunistic infections (includ-
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ing herpes zoster), and elevations in CK or lipid levels have
been reported with the use of UPA. Taste abnormality has also
been reported, albeit less frequently, in two of 1,647 patients
administered UPA in a clinical setting (reduced sense of taste
in one patient, taste abnormality in one patient). Proposed in-
terventions include discontinuing strenuous physical exercise
and administering drugs for hypercholesterolemia and/or hy-
pertriglyceridemia as appropriate during elevations in CK or
lipid levels, respectively, and decreasing doses of UPA while
hematological disorders such as anemia, leukocytopenia or
neutropenia are present. Treatments for herpes zoster in addi-
tion to temporary discontinuation of UPA are required while
herpes zoster is present. Moreover, discontinuation of UPA is
recommended immediately after detecting taste abnormality or
reduced sense of taste [11, 37].

The main limitations of this study were the retrospective
study design, the small sample size (N = 8) and the limited
exposure time, which was likely too short to allow charac-
terization of the safety of combination therapy with UPA and
intensive GMA. Whether this combination therapy is more ef-
fective than either UPA or GMA monotherapy thus remains
unclear due to the limited number of cases and the non-com-
parative design of the study. Our view is that the therapeutic
outcomes in the present case studies need to be validated by
additional comparative, controlled studies in larger cohorts of
patients.

Learning points

Combination therapy comprising UPA plus intensive GMA
was well tolerated and appears effective as a therapeutic option
to induce clinical remission and histological-endoscopic mu-
cosal improvement instead of UPA monotherapy for patients
with intractable UC.
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