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Abstract

Case 1 involved a 34-year-old woman who had been diagnosed with
Crohn’s disease (CD) at 30 years old. After deciding to discontinue CD
treatment, she was diagnosed with moderate flare-up of CD based on
disease activity and endoscopic findings. Inadequate response was seen
7 days after starting oral prednisolone (PSL) at 30 mg/day, so combi-
nation therapy was started with intensive granulocyte and monocyte
adsorptive apheresis (GMA) plus upadacitinib (UPA) at 45 mg/day.
Twelve weeks after starting this combination therapy, clinical remission
and endoscopic and histological improvements of the inflamed mucosa
were achieved with no adverse events. Case 2 involved a 26-year-old
man who had been diagnosed with CD at 13 years old. He was diag-
nosed with severe flare-up of CD based on disease activity and endo-
scopic findings due to loss of response to double doses of infliximab
(IFX). Combination therapy was started with intensive GMA plus UPA
at 45 mg/day. Twelve weeks after starting this therapy, clinical remis-
sion and endoscopic and histological improvements of the inflamed
mucosa were achieved with no adverse events. The combination of in-
tensive GMA plus UPA appears to have provided an effective therapeu-
tic option for refractory CD in a patient with a 4-year history of CD and
refractoriness to systemic corticosteroids, and in another patient with a
13-year history of CD and loss of response to IFX.
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Introduction

Crohn’s disease (CD) often affects the entire digestive system
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and organs via chronic, progressive, transmural inflammation
of the alimentary tract. Treatments for moderate-to-severe CD
include 5-aminosalicylic acid (5-ASA), corticosteroids, thio-
purines, and biologics such as neutralizing antibodies against
tumor necrosis factor (TNF)-a [1, 2], interleukin (IL)-12 and/
or -23 [3, 4], integrin a4fB7 [5], and Janus kinase (JAK) inhibi-
tors [6]. The therapy algorithm for luminal CD refractory to
corticosteroids has recommended the use of biologics includ-
ing anti-TNF-o antibodies, anti-IL-12 and/or -23 antibodies,
or anti-integrin 04f7 antibodies. In addition, the algorithm for
CD showing loss of response to anti-TNF-a antibodies has rec-
ommended changes to other anti-TNF-a antibodies or other
classes of biologic agents [7].

Intensive granulocyte and monocyte adsorptive apheresis
(GMA) is also available in Europe and Japan for the treatment
of patients with active CD that may or may not be refractory
to standard pharmacotherapy and biologics [8, 9]. Moreover,
combination therapy with intensive GMA plus another biolog-
ic agent with a different mechanism of action as a switch from
anti-TNF-o antibodies in patients with refractory CD who pre-
sent with loss of response to anti-TNF-a antibodies has proven
effective and allows rapid tapering off corticosteroids [10].

Upadacitinib (UPA) is a JAK inhibitor selective for JAK1
and was approved for the treatment of moderate-to-severe CD
in Japan in June 2023. No reports appear to have described the
efficacy of combination therapy with intensive GMA in com-
bination with UPA in patients with refractory CD.

Here, we evaluated the efficacy and safety of intensive GMA
in combination with UPA in two cases comprising one patient
showing CD refractory to treatment with systemic corticosteroids
and another who had shown loss of response to infliximab (IFX).
These cases are discussed with regard to clinical remission, and
endoscopic and histological improvements within 12 weeks.

Case Reports

Case 1

A 34-year-old woman had been diagnosed with colitis-type
CD in April 2019, at 30 years old. At this time, oral predniso-
lone (PSL) was temporarily started at 50 mg/day and tapered
off within a short period along with mesalazine at 3,000 mg/
day. Azathioprine (AZA) was subsequently added at 100 mg/
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Table 1. Baseline Laboratory Findings in Case 1

Value Reference range
Hematology
WBC, /uL 9,100 3,300 - 8,600
Neutrophils, % 71.7 40.4 -70.0
Lymphocytes, % 9.4 25.0-45.0
RBC, x 10%uL 479 386 - 492
Hb, g/dL 14.1 11.6-14.8
Ht, % 40.6 35.1-444
MCV, fL 84.8 83.6-98.2
MCH, pg 29.4 27.5-33.2
PLT, x 103/uL 511 158 - 348
Serum biochemistry
TP, g/dL 6.7 6.6 - 8.1
Alb, g/dL 32 4.1-5.1
AST, U/L 18 13-30
ALT, U/L 26 7-23
LDH, U/L 170 124 - 222
v-GTP, U/L 23 9-32
BUN, mg/dL 4.1 8-20
Cre, mg/dL 0.40 0.46-0.79
Glu, mg/dL 118 73 - 109
Na, mmol/L 137 138 - 145
K, mmol/L 32 3.6-48
Cl, mmol/L 97 101 - 108
CRP, mg/dL 10.67 <0.30
Serology
Antigenemia (C-7HRP) Negative
QuantiFERON Negative

Stool culture

No pathogenic microbes, Clostridium difficile (-), CD toxin A/B (-)

Alb: albumin; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BUN: blood urea nitrogen; Cre: creatinine; CRP: C-reactive protein;
Glu: glucose; y-GTP: gamma-glutamyl transpeptidase; Hb: hemoglobin; Ht: hematocrit; LDH: lactate dehydrogenase; MCH: mean corpuscular he-
moglobin; MCV: mean corpuscular volume; PLT: platelet; RBC: red blood cell; TP: total protein; WBC: white blood cell.

day. These treatments induced clinical remission. AZA was
then decreased to 25 mg/day. The patient independently made
the decision to discontinue the 25-mg/day AZA in 2019 and
subsequently experienced exacerbation of CD. Oral PSL was
temporarily re-started at 40 mg/day and tapered off in a short
time, with addition of mesalazine at 3,000 mg/day and AZA at
25 mg/day when a flare occurred. She repeatedly experienced
several cycles of clinical remission and flare.

The patient was referred to our division by another gastro-
enterologist in September 2023, at 34 years old, due to rapid
exacerbation of CD symptoms with fever reaching 37.8 °C,
and repeated episodes of severe abdominal pain and diarrhea
(10 times/day) accompanied by bloody stool (CD activity index
(CDAL), 376). The patient had no other medical history of note
and no family history of CD. Her height was 152 cm and her

weight was 56 kg (body mass index, 24.2 kg/m?). Body weight
loss (-2 kg within the previous 1 month) had been observed.
Laboratory investigations showed: white blood cell (WBC)
count, 9,100/uL; red blood cell (RBC) count, 479 x 10%/uL;
hemoglobin (Hb), 14.1 g/dL; total protein (TP), 6.7 g/dL; albu-
min (Alb), 3.2 g/dL; aspartate aminotransferase (AST), 18 U/L;
alanine aminotransferase (ALT), 26 U/L; and C-reactive protein
(CRP), 10.67 mg/dL. A negative result was obtained from an
antigenemia test for cytomegalovirus (C-7HRP test). Neither the
pathogenic microbe Clostridium difficile (C. difficile) nor its A
and/or B toxins were detected in stool cultures (Table 1).
Colonoscopy at baseline in September 2023 showed
marked erythema and multiple ulcers fused with adjacent ul-
cers and/or longitudinally aligned along the mucosa of the ce-
cum and ascending, transverse, and descending colon and mild
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Figure 1. Colonoscopic findings at baseline and 12 weeks in case 1. (a) At baseline, colonoscopy shows marked erythema,
edematous mucosa and multiple ulcers fused with the adjacent ulcer in the mucosa of the cecum. (b) At 12 weeks after start-
ing combination therapy, colonoscopy shows decreased vascular patterns with mild erythema in a diffuse (50-75%) area in the

cecum.

erythema in the rectum as discontinuous skipped lesions (Fig.
la). Simple Endoscopic Score for Crohn’s disease (SES-CD)
was 29, reflecting severe activity. Histopathological examina-
tions revealed moderate-to-severe infiltration of neutrophils,
eosinophils, and lymphocyte aggregates in the mucosa and
submucosa with erosive and ulcerative epithelium. Immuno-
histochemical examination of colon biopsy specimens for cy-
tomegalovirus also yielded negative results. Based on all these
findings, moderately active CD was diagnosed.

As severe abdominal pain and bloody diarrhea persisted and
the patient showed inadequate response at 7 days after starting
oral PSL at 30 mg/day, intensive GMA (2 sessions a week; total,
10 times) in combination with UPA at 45 mg/day was started for
corticosteroid-refractory CD. PSL was tapered off from 14 days
after initiating this therapy. By 12 weeks after starting combina-
tion therapy with intensive GMA plus UPA, clinical remission
had been achieved (CDAI, 33). Follow-up endoscopy after 12
weeks showed no ulcerated surfaces, no narrowed lumens, and
decreased vascular pattern with mild erythema in a diffuse (50-
75%) area of the cecum and ascending and descending colon,
and a decreased vascular pattern in the transverse colon and rec-
tum (SES-CD, 6), reflecting mild activity (Fig. 1b). Histopatho-
logical findings from colon biopsies taken from the area present-
ing with mild erythema revealed a mild increase in eosinophils
and no increase in neutrophils in the lamina propria, and no non-
caseating granuloma, reflecting histological improvement of the
mucosa. Laboratory investigations at 12 weeks showed: WBC
count, 4,500/uL; creatinine phosphokinase (CK), 110 U/L; total
cholesterol (TCHO), 225 mg/dL; triglycerides (TG), 191 mg/
dL; and CRP, 0.01 mg/dL. No adverse events were observed
within the 12-week induction period.

Case 2

A 26-year-old man had been diagnosed with colitis-type CD in

March 2011, at 13 years old, based on colonoscopic findings
showing longitudinal ulcers and marked erythema with mucosal
swelling in the transverse, descending, and sigmoid colon and
aphthoid ulcers and marked erythema in the cecum and ascend-
ing colon. He had no other medical history of note and no family
history of CD. As he was allergic to 5-ASA, this option was una-
vailable. Induction therapy with IFX at 5 mg/kg was started in
April 2011, and was continued as maintenance therapy. Follow-
up colonoscopy 24 weeks after initiating IFX showed multiple
ulcers (0.5 -1 cm in diameter) and marked erythema in the trans-
verse, descending, and sigmoid colon and diffuse marked ery-
thema in the ascending colon. AZA was subsequently added and
had been continued at 25 mg/day. Clinical remission was soon
achieved. A moderate flare occurred in November 2020 and the
dose of IFX was increased to 10 mg/kg with continuation of
AZA at 25 mg/day, resulting in clinical remission. In February
2022, he was referred to our division by another gastroenterolo-
gist to continue maintenance [FX.

In May 2024, at 26 years old, he experienced rapid ex-
acerbation of CD symptoms with slight fever (37.4 °C) and
repeated episodes of severe abdominal pain and diarrhea
(15 times/day) accompanied by bloody stool (CDAI, 470).
He therefore visited our hospital before the next scheduled
follow-up. His height was 176 cm and his weight was 60
kg (body mass index, 19.4 kg/m?). Body weight loss (-2 kg
within the previous 1 month) had been observed. Laboratory
investigations showed: WBC count, 16,900/uL; RBC count,
443 x 10* /uL; Hb, 13.5 g/dL; TP, 7.7 g/dL; Alb, 3.8 g/dL;
AST, 17 U/L; ALT, 24 U/L; and CRP, 1.17 mg/dL. A negative
result was obtained from the C-7HRP test for cytomegalovi-
rus, and neither C. difficile nor its A and/or B toxins were de-
tected from stool cultures (Table 2). Colonoscopy at baseline
in May 2024 showed marked erythema and multiple ulcers
fused with adjacent ulcers and/or longitudinally aligned in
the mucosa of the sigmoid colon and rectum, longitudinally
aligned ulcers, and a decreased vascular pattern in the trans-
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Table 2. Baseline Laboratory Findings in Case 2

Value Reference range
Hematology
WBC, /uL 16,900 3,300 - 8,600
Neutrophils, % 85.0 40.4 - 70.0
Lymphocytes, % 7.0 25.0 -45.0
RBC, x 10%/uL 443 386 - 492
Hb, g/dL 13.5 11.6-14.8
Ht, % 41.6 35.1-444
MCV, fL 93.9 83.6-98.2
MCH, pg 30.5 27.5-33.2
PLT, x 10%/uL 566 158 - 348
Serum biochemistry
TP, g/dL 7.7 6.6 - 8.1
Alb, g/dL 3.8 4.1-5.1
AST, U/L 17 13-30
ALT, U/L 24 7-23
LDH, U/L 154 124 - 222
v-GTP, U/L 49 9-32
BUN, mg/dL 9.7 8-20
Cre, mg/dL 0.74 0.46 - 0.79
Glu, mg/dL 92 73 - 109
Na, mmol/L 138 138 - 145
K, mmol/L 43 3.6-438
Cl, mmol/L 100 101 - 108
Fe, pg/dL 34 40 - 188
CRP, mg/dL 1.17 <0.30
Serology
Antigenemia (C-7HRP) Negative
QuantiFERON Negative

Stool culture

No pathogenic microbes, Clostridium difficile (-), CD toxin A/B (-)

Alb: albumin; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BUN: blood urea nitrogen; Cre: creatinine; CRP: C-reactive protein;
Glu: glucose; y-GTP: gamma-glutamyl transpeptidase; Hb: hemoglobin; Ht: hematocrit; LDH: lactate dehydrogenase; MCH: mean corpuscular he-
moglobin; MCV: mean corpuscular volume; PLT: platelet; RBC: red blood cell; TP: total protein; WBC: white blood cell.

verse colon, and diffuse marked erythema and multiple small
ulcers (1 cm in diameter) in the cecum and ascending colon
(Fig. 2a). SES-CD was 23, reflecting severe activity. Main-
tenance IFX was discontinued because loss of response was
considered present. Based on all these findings, severely ac-
tive CD was diagnosed.

Oral PSL was started at 20 mg/day in May 2024. How-
ever, little improvement of symptoms (including diarrhea,
bloody stools, and abdominal pain) was observed by 7 days
after starting PSL. Induction combination therapy with inten-
sive GMA plus UPA at 45 mg/day was therefore started for
corticosteroid-refractory CD. PSL was subsequently tapered
off after 3 weeks of combination therapy. As of the beginning
of August, 12 weeks after starting combination therapy with

intensive GMA plus UPA, clinical remission had been rap-
idly achieved (CDALI, 31). Follow-up endoscopy at 12 weeks
showed a decreased vascular pattern in part of the rectum and
a clear vascular pattern with no ulcerated surfaces in the re-
maining portions of colon (SES-CD, 1), reflecting endoscopic
remission (SES-CD < 4, a decrease of > 2 points from base-
line, and no subscore > 1 in any individual variable) (Fig. 2b)
[6]. Histopathological findings from colon biopsies taken from
the area presenting with a decreased vascular pattern revealed
mild chronic inflammatory infiltrate from lymphocytes with
mild fibrosis and no non-caseating granuloma in the lamina
propria, reflecting histological improvement of the mucosa.
Laboratory investigations at 12 weeks showed: WBC count,
7,100/uL; CK, 147 U/L; TCHO, 225 mg/dL; TG, 53 mg/dL;
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Figure 2. Colonoscopic findings at baseline and 12 weeks in case 2. (a) At baseline, colonoscopy shows marked erythema and
multiple ulcers fused with the adjacent ulcer in the rectal mucosa. (b) At 12 weeks after starting combination therapy, colonoscopy
shows a clear vascular pattern with no ulcerated surfaces around a decreased vascular pattern in part of the rectum.

and C-reactive protein, 0.01 mg/dL. No adverse events were
observed during the 12-week induction period.

Discussion

We have reported here two cases in which intensive GMA plus
UPA rapidly achieved clinical remission and endoscopic and
histological improvements of CD within 12 weeks in patients
with refractory CD (Table 3).

Activation of signal transducers and activators of tran-
scription (STATs) that are mediated by JAKs in T cells plays an
important pathogenic role in CD [11, 12]. This suggested that
down-regulation of STAT proteins might help inhibit cytokine-
induced T-cell activation in CD, resulting in the discovery of
novel drugs with a new mechanism of action [13]. UPA is a po-
tent, orally active, and selective JAK1 inhibitor that suppresses
the JAK-STAT pathway, downregulating expressions of mul-
tiple immune-relevant mediators and inflammatory cytokines
that have been implicated in the pathogenesis of inflammatory
bowel diseases [14, 15].

Comprehensive analyses of the phosphorylation of five
STAT proteins (STAT1, 3, 4, 5, and 6) in response to 11 cytokines
in immune cell populations from the mesenteric lymph node
cells of 10 patients with ulcerative colitis and nine patients with
CD and comparing the relative sensitivities to inhibition by titrat-

Table 3. Clinical Course Through 12 Weeks

ed doses of two selective JAK1 inhibitors (filgotinib and UPA)
have shown that UPA is a relatively more potent inhibitor than
filgotinib for both JAK-3-dependent (IL-2, IL-21, and IL-7) and
JAK-3-independent (interferon-2a and IL-10) cytokines [16].
Next, two phase III clinical trials (U-EXCEL and U-EXCEED
for induction phase) evaluated the efficacy of UPA for the treat-
ment of moderately to severely active CD with a history of fail-
ure of one or more conventional or biologic therapies. In the U-
EXCEL study, the rates of patients randomized to receive 45 mg
of UPA or assigned to placebo who achieved clinical remission
(CDAI < 150) and endoscopic response at 12 weeks were 49.5%
vs. 29.1% and 45.5% vs. 13.1%, respectively (P < 0.001). In ad-
dition, in the U-EXCEED study, the rates of patients randomized
to receive 45 mg of UPA or assigned to placebo who achieved
clinical remission (CDAI < 150) and endoscopic response at 12
weeks were 38.9% vs. 21.1% and 34.6% vs. 3.5%, respectively
(P<0.001) [6]. UPA monotherapy thus appears clinically and en-
doscopically effective, but has been limited when higher induc-
tion remission rates are the goal. Additional treatment would be
desirable for active CD patients who are biologically naive and
have experienced loss of response to TNF-o antagonists. Based
on the outcomes observed in the two cases presented herein with
medication-refractory CD, intensive GMA combined with UPA
in a short-term induction phase looks promising and has shown
no safety concerns. However, the present case series included
only two cases treated with combination therapy. Whether this

Disease D Pretreated Baseline Treatment At 12 weeks
isease
No. Age Sex duration . PSL SES- CRP Intensive SES- CRP (mg/ PSL
location
(years) Drugs mgy PAl cp (mgary UPA gma  CPAl op CR g (mg)
1 34 F 4 Colitis-type - 30 376 29  10.67 + + 33 6 + 0.01 0
2 26 M 13 Colitis-type IFX 20 470 23 1.17 1 + 31 1 + 0.0l 0

CDAI: Crohn’s disease activity index; CR: clinical remission; CRP: C-reactive protein; GMA: granulocyte and monocyte adsorptive apheresis; IFX:
infliximab; PSL: prednisolone; SES-CD: Simple Endoscopic Score for Crohn’s disease; UPA: upadacitinib.
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combination therapy is more effective than either UPA or GMA
monotherapy is thus unclear due to the limited number of cases
and non-comparative design of the study. Our view is that addi-
tional comparative, controlled studies in larger cohorts of patients
from multiple institutions are warranted to support the findings
from the present two cases with refractory CD.

GMA is available in Europe and Japan for the treatment of
patients with active CD that may or may not be refractory to
standard pharmacotherapy, including TNF-a antagonists [9].
GMA depletes elevated and activated myeloid lineage leuco-
cytes and has been associated with marked down-regulation
of various inflammatory cytokines, including IL-1f, IL-6, IL-
8, and TNF-a, which are released by myeloid leucocytes and
lymphocytes [17]. Regarding remission rates, intensive GMA
(35.2%) was not superior to weekly GMA (35.6%), but the
time to remission was significantly shortened with intensive
GMA (21.7 days) compared with weekly GMA (35.4 days; P=
0.0373). Regarding endoscopic responses, no outcomes or as-
sessments of endoscopic findings during treatment with GMA
alone were shown [9]. Interestingly, combination therapy with
intensive GMA and thiopurine administration rapidly induced
a high rate (77.2%) of clinical remission (CDAI < 150) at 6
weeks in 22 corticosteroid- and biologic-naive patients with
active early-diagnosed CD within 2 years after diagnosis and
with CDAI > 200, and no serious adverse effects were ob-
served within 6 weeks. In addition, mucosal healing (SES-CD
< 2) by week 6 was observed in 22.7% of enrolled patients.
This combination therapy thus might represent a rational op-
tion for patients with early-diagnosed CD [18].

On the other hand, the present two-case series showed that
both patients with medication-refractory CD receiving inten-
sive GMA plus UPA achieved endoscopic response (reduction
of SES-CD score by > 50% from baseline) [6], including one
case (SES-CD, 1) with endoscopic remission by 12 weeks.
Conversely, in a previous study evaluating the efficacy of in-
duction combination therapy within 10 weeks with intensive
GMA plus ustekinumab in three cases of medication-refracto-
ry CD, this combination treatment appeared effective regard-
ing CDAI based on CD symptoms, and allowed rapidly taper-
ing off corticosteroids without increasing the incidence of side
effects. However, no endoscopic improvements of CD lesions
based on SES-CD were observed [10]. This suggested that the
short-term impact of UPA on endoscopic improvement during
the induction period appears greater than that of ustekinum-
ab. Moreover, intensive GMA, which normalizes imbalances
in the immune profile among patients with CD, provides fa-
vorable and additional impacts to the efficacy of UPA. Indeed,
combination therapy with intensive GMA plus UPA in the pre-
sent case series rapidly ameliorated gut inflammation and sub-
sequently induced clinical remission together with endoscopic
and histological improvements, allowing tapering off steroids.

Regarding adverse events, the present two cases showed
no hematopoietic dysfunctions such as leukocytopenia or eryth-
rocytopenia within 12 weeks after UPA administration. UPA
selectively inhibits JAK1 activity and thus avoids the inhibi-
tory effects on JAK2-regulated hematopoietic function that are
induced by less selective JAK inhibitors [19, 20]. In addition,
no elevated values of creatine phosphokinase and lipid metabo-
lism tests such as TCHO and TG were observed. During GMA

therapy performed as five apheresis sessions in 5 consecutive
weeks for 30 consecutive patients with actively distal ulcera-
tive colitis, adverse events (6%) of slight headache, transient ab-
dominal pain with tenesmus, fever, and mild liver dysfunction
were reportedly described in eight of 30 patients [21]. In the
present two cases, none of these adverse events associated with
GMA treatments were observed. To the best of our knowledge,
no previous reports have described intensive GMA plus UPA
therapy achieving clinical and histological improvement of CD.

Learning points

Combination therapy comprising intensive GMA plus UPA
was well tolerated and may be an effective therapeutic option
to induce clinical remission and endoscopic and histological
improvements in the mucosa for patients with refractory CD
that has become refractory to systemic corticosteroids, or has
shown loss of response to [FX.
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