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ABSTRACT

There have been previous studies, especially in Western countries and even in some areas in Asia, about
extra-intestinal manifestations (EIMs) and its link with the outcome of inflammatory bowel disease (IBD),
which includes Crohn’s disease (CD), and ulcerative colitis (UC). This link is crucial when discussing
a patient’s prognosis and important when dealing with UC management. The aim of this study was to
clarify the most common comorbidities associated with UC, emphasizing immunologic comorbidities in
Japan. This study was a retrospective analysis performed at Nagoya University Hospital. The data collection
started in March, 2019, and continued for two years. We retrieved the medical records of 105 patients
with UC diagnosis, from which the data of 176 EIMs were extracted and analyzed. Results showed
that EIMs with UC in the active phase accounted for 43.7% of total EIMs. Twenty-six patients with
immune-mediated inflammatory disease frequently had an active phase (odds ratio [OR] 3.84, 99% CI,
1.44-10.27). Comorbidities showing an active manifestation of symptoms and UC in the active phase were
significantly correlated in patients with immunological comorbidities, such as peripheral arthritis (r=0.97,
p<0.01) and rheumatoid arthritis (RA) (r=0.99, p<0.01), as well as in patients with primary sclerosis
cholangitis (PSC) (r=0.98, p<0.01). In conclusion, this analysis suggests the importance of having full
comprehension of how immunological comorbidities affect the natural development of UC, which is of
vital importance to prevent further UC complications and properly adjust the management of the disease.
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IMID: immune-mediated inflammatory disease
AS: ankylosing spondylitis

PSC: primary sclerosing cholangitis

RA: rheumatoid arthritis

PG: pyoderma gangrenosum

CAMD: Common Activity Manifestation Duration
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INTRODUCTION

Ulcerative colitis (UC), along with Crohn’s disease (CD), conform to inflammatory bowel
disease (IBD), and is a chronic idiopathic inflammatory bowel disease that usually manifests in
the colon, causing continuous inflammation, with a span from the rectum to the more proximal
colon, and is characterized by a relapsing and remitting course.! UC can be categorized ac-
cording to the disease extent (proctitis, left-sided colitis, and extensive colitis) and according
to disease severity, expressed in the clinical, laboratory, imaging, and endoscopic parameters.>
Although UC etiopathogenesis is not completely known, immune-related mechanisms are activated
in genetically predisposed individuals, triggering a disproportionate immune response against
intraluminal antigens.® Immune reaction in UC is characterized by T-helper 2 (Th2) (humoral),
which leads to elevated interleukin-5 (IL-5), which is related to high levels of IgGl.* In order
to provide appropriate treatment, knowing the disease severity (usually classified as remission,
mild, moderate, or severe) is essential.> Thus, for mild to moderate UC, aminosalicylates (5-ASA)
are the main choice to be used. For UC flares, topical and systemic steroids are selected, and
for moderate to severe disease, immunosuppressants and biological drugs are the main choice.®
In addition, tools such as Mayo score,” Lichtiger score,® and Simple Clinical Colitis Activity
Index® are widely used as UC severity indices.”> On the other hand, extra-intestinal manifestations
(EIMs), which may occur when primed lymphocytes are in circulation, tend to be a common
problem among IBD patients.”” EIMs may occur in various organs, including the joints, skin,
liver, eyes, and biliary tracts."" These EIMs may have different effects on IBD cases, with some
responding to treatment from the onset stage, and others to a specific treatment.'”” There are
some comorbidities or EIMs, including chronic immune-mediated diseases such as erythema
nodosum, ankylosing spondylitis (AS), and primary sclerosing cholangitis (PSC), which appear
to be most common in IBD.!* Moreover, peripheral arthritis, aphthous stomatitis, and uveitis are
also characterized as most frequent EIMs." Previous studies have been performed across the
world regarding prevalence of EIMs in IBD patients. For instance, in Canada,”® 6.2% of IBD
patients suffered from at least one EIM, and in Switzerland,"* 43% of CD patients and 31% of
UC patients had at least one EIM. In Asia, proportions are not constant, and approximately 6%
to 14% of IBD patients in East Asia suffer from at least one EIM."> Although there is limited
information regarding EIM in UC patients among the pediatric population in Japan,'® more is
required. Thus, the main objective of this study was to clarify the most common comorbidities
associated with UC, emphasizing the immunologic comorbidities in Japan.

PATIENTS AND METHODS

This study was conducted in accordance with the Research Ethics Committee of the Graduate
School of Medicine (approved ID 2015-0466) at Nagoya University. The procedures followed
were in accordance with the Declaration of Helsinki. Due to the retrospective nature of this
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study, patient consent was waived. Patient information was retrieved using electronic medical
records from Nagoya University Hospital, which allowed the identification of individual patients
during and/or after data collection. Patient data were anonymized and coded prior to analysis,
and data collection began in March, 2019 and finished in January, 2021.

Medical records, including patients’ clinical, pathological, endoscopic, and radiological
information, were retrieved retrospectively in all cases. Based on previous studies,'” information
regarding date of birth, sex, date of diagnosis (UC and EIM), and treatment for UC and EIM
were collected. Information corresponding to patients with a UC diagnosis who had an EIM
(comorbidity) in the medical chart was recorded: Mayo Clinic Score was used to categorize UC
activity, naming the UC cases fitting into mild, moderate, and severe cases of UC in the active
phase, and the remaining cases of UC in remission.’® Furthermore, UC case data were obtained
from patients who met the following inclusion criteria: above 18 years of age; diagnosis of UC
for more than 3 months before study initiation; Mayo score of 3 to 12 points; and moderate to
severe active disease on colonoscopy."

On the other side of the coin, UC-related comorbidities are defined as complications that are
closely associated with active inflammation, which often respond to medical or surgical treatment
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Fig. 1 Comorbidities related to UC
This diagram showed the diseases considered as EIMs, IMID and UC immunological comorbidity.
EIMs: extra-intestinal manifestations
IMID: immune-mediated inflammatory disease
UC: ulcerative colitis
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Table 1 International Statistical Classification of Diseases and Related Health Problems (ICD) codes of
diseases analyzed in this study

Disease ICD
Ulcerative colitis, unspecified K51.9
Polyarthritis, unspecified K51.9
Rheumatoid arthritis, unspecified MO06.9
Pyoderma gangrenosum L88
Atopic dermatitis L20
Primary sclerosing cholangitis K83.0
Ankylosing spondylitis M45

of the underlying UC. UC-related comorbidities mainly include the joints and skin EIMs.*® Ac-
cording to previous studies, EIMs include diseases such as choledocholithiasis, nephrolithiasis,
osteoporosis, uveitis, iritis, erythema nodosum, PSC, rheumatoid arthritis (RA), peripheral arthritis,
AS, atopic dermatitis, and pyoderma gangrenosum (PG).° In addition, immune-related inflam-
matory diseases (IMID), a group of diseases whose main feature is the presence of systemic
inflammation and immune dysregulation,? described in previous literature are: uveitis, iritis,
psoriasis, multiple sclerosis, PSC, erythema nodosum, PG, peripheral arthritis, atopic dermatitis,
RA, and AS."*?2% Thus, UC immunological comorbidities are considered to be: AS, RA, uveitis,
iritis, PSC, erythema nodosum, PG, peripheral arthritis, and atopic dermatitis (Fig. 1). From
this group, for the purposes of this study, the following UC immunological comorbidities were
analyzed: PSC, peripheral arthritis, RA, AS, PG, and atopic dermatitis (Table 1).

Comorbidity manifestation was defined as clinical signs and symptoms expressed in an active
manner over time.** We evaluated the UC immunological comorbidity activity using clinical scores
of each of the diseases analyzed in this study: for PG, the PARACELSUS score® was used, in
which patients with 10 points or more were considered for this study; for Atopic Dermatitis, the
SCORAD score®® was used in which patients fit a moderate and severe score; for PSC patients,
clinical symptoms (mainly fatigue, pruritus, or jaundice) and radiographic features (mainly ir-
regular duct contour, multiple intra- and/or extrahepatic bile duct strictures, and saccular ductal
dilations) were taken into account.”’” In addition, PSC patients who had 14 points or more on the
MELD score were included in the study. Finally, for patients who had peripheral arthritis, clinical
patterns were considered, that is, joint swelling and joint pain, as well as increased levels of
C-reactive protein and/or ESR.?® Furthermore, in RA cases, the DAS28 score was used to assess
comorbidity activity, with 2.6 or more considered as active RA. Likewise, increased C-reactive
protein levels were taken into account in cases when the erythrocyte sedimentation rate number
was not found in the medical chart*?’; and in cases of AS, the ASDAS?' score was used, in
which values that were equal or more than 1.3 were considered to participate in this study.

UC and comorbidity manifestations in patients were followed over time using patient informa-
tion documented previously in medical records. They were tracked as follows: once UC active
was described in the medical chart, signs of UC immunological comorbidity activity were sought
using the activity scores of each comorbidity. Whenever both the UC and UC immunological
comorbidity were found to be in active phase, that patient was tracked during his/her evolution
entry by entry in the medical chart, until either UC or UC immunological comorbidity signs
of activity disappeared. Even if the active phases on either the UC and UC immunological
comorbidity had an intermittent pattern, the active periods were only considered for analysis
when both the UC and UC immunological comorbidity were in active phase. The period when
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Fig. 2 UC immunological comorbidity
This figure showed how UC and UC immunological comorbidity activity in a patient were followed over time.
CAMD: Common Activity Manifestation Disease
UC: ulcerative colitis

both UC activity and UC immunological comorbidity activity overlapped was defined as Common
Activity Manifestation Duration (CAMD) (Fig. 2). CAMD of each disease (including UC) was
defined as the period in which signs of disease activity took place and was recorded in months.
When the CAMD followed and intermittent pattern, those CAMD periods were added together
to analyze them. The relationship between UC immunological comorbidity and UC activity was
a primary endpoint, while EIMs treatment influence over the course of UC in the active phase
was a secondary endpoint. For this purpose, the treatment provided to patients when EIM and
UC took place simultaneously was analyzed. Likewise, the recovery time of the underlying UC
in EIMs was recorded (in months).

Pearson’s correlation coefficient was used to correlate the retrieved data. Statistical significance
was set at P<0.05.3> Microsoft Excel 2016 (v16.0) was used to process the collected data.

RESULTS

One-hundred and five records of patients diagnosed with UC and other comorbidities were
retrieved. The patients had a mean age of 37+14 years, a median duration of illness of 8 years,
and total colitis was five times higher than that of left-side colitis (Table 2). From these patients,
176 comorbidities were followed: 24% gastroenterological comorbidities; 13% endocrinological
comorbidities; 10% rheumatological comorbidities; and 10% cardiological comorbidities (Table
3). Among these, the percentage of comorbidities and UC in the active phase was 43.7%. In
that group, dermatological comorbidities accounted for 70%, rheumatological comorbidities ac-
counted for 82.4%, and gastroenterological comorbidities accounted for approximately 65.1%. The
comorbidities evaluated in this study were: peripheral arthritis, AS, RA, PG, atopic dermatitis,
and PSC.2**%

The characteristics of patients with immune-mediated inflammatory disease, which include
information about treatment of EIMs and UC in the active phase, are shown in Table 4. In that
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Table 2 Main characteristics of patients analyzed

Mean age 34+14 years old (21-69)

Duration of illness (median) 8 years (2-33)

Disease type Total colitis: left side colitis = 5:1
Lichtiger index 4.2+1.6

Serum CRP value 0.3+11 mg/dL

CRP: C-reactive protein

Table 3 Characteristics from all EIM, with emphasis on percentage UC in active phase

EIM Age (mean) Sex, male UC diagnosis UC in active phase
n (%) (median age) (%)
Pneumological 54 (36-86) 11 (78.6) 41 (20-79) 333
Hematological 49 (32-89) 7 (46.7) 35 (4-79) 40.0
Cardiological 52 (22-73) 8 (47.1) 38 (11-65) 41.1
Nephrological 55 (28-86) 5(71.4) 41 (24-59) 571
Gynecological 52 (33-79) 0 (0.0) 33 (6-18) 0
Ophthalmological 59 (46-69) 2 (40.0) 49 (46-58) 40.0
Dermatological 47 (30-70) 4 (40.0) 35 (17-53) 70.0
Rheumatological 59 (32-89) 5 (29.4) 40 (17-67) 82.4
Gastroenterological 58 (31-86) 28 (65.1) 37 (17-59) 65.1
Neurological 62 (38-82) 4 (66.7) 44 (22-66) 33.3
Surgical 61 (47-77) 3 (42.9) 41 (27-57) 14.3
Endocrinological 62 (42-84) 11 (47.8) 44 (21-67) 52.2
Others 59 (35-84) 2 (33.3) 45 (18-67) 38.4
Total 56 (22-89) 94 (53.4) 39 (4-79) 43.7 %

EIM: extraintestinal manifestation
UC: ulcerative colitis

group, 49.4% of the patients were male. In addition, 145 comorbidities (82.3% of the cases) in
our study had no immunological association (not EIMs nor IMID). In fact, patients not associ-
ated with immunological comorbidities were diagnosed with these comorbidities years before
UC onset and did not show symptoms of these comorbidities later on. Furthermore, 31.1% of
patients belonging to this group had the same IMID as analyzed in this study (ie, arthritis).
Additionally, the median age of this group of patients was 54 years (p <0.001). Furthermore, the
percentages of UC in the active phase among peripheral arthritis, AS, RA, PG, atopic dermatitis,
and primary sclerosing cholangitis comorbidities were 87.5%, 50%, 100%, 75%, 83.3%, and
85.7%, respectively. Likewise, UC recovery time and UC recovered percentage for each EIM
were: peripheral arthritis (51.8 months [1-132], 50%); AS (168 months [24-168], 0%); RA (57.4
months [0.53-168], 0%); PG (0.6 months [0.53-0.67], 50%); atopic dermatitis (15.3 months
[1-36], 66.7%); and primary sclerosing cholangitis (128 months [60-168], 57.1%).
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Pearson’s correlation coefficients between UC in the active phase and the comorbidities were:
peripheral arthritis (r=0.97, p<0.01); RA (r=0.99, p<0.01); primary sclerosing cholangitis
(r=0.98, p<0.01); PG (r=0.48, p=0.52); and atopic dermatitis (r =0.46, p=0.42) (Fig. 3).
Furthermore, UC immunological comorbidity was associated with UC in the active phase (odds
ratio [OR], 9.58, 99% CI, 2.52-36.43) (Table 5).*
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Fig. 3 Each comorbidity activity
Graph showed the correlation between UC in the active phase and comorbidities activity over time.
UC: ulcerative colitis

Table 5 Association between UC in active phase and UC immunological comorbidities
(OR, 9.58, 99% CI, 2.52-36.43)

UC active phase UC in remission Total
UC immunological comorbidity 26 5 31
Non-UC immunological comorbidity 51 94 145
Total 77 99 176

UC: ulcerative colitis
OR: odds ratio
CI: confidence interval
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DISCUSSION

An analysis of comorbidities, especially UC immunological comorbidities, in Japanese patients
with UC was performed. EIMs with UC in the active phase accounted for 43.7% of the total
EIM, and 26 patients with IMID frequently had an active phase. Comorbidities showing an active
manifestation of symptoms and UC in the active phase were significantly correlated in patients
with immunological comorbidities, such as peripheral arthritis and RA, as well as in patients
with primary sclerosis cholangitis.

Similar studies have been conducted in other parts of the world, such as Switzerland, Canada,
and even in the Asian-Pacific area.’*'** Comparing our results with those of previous reports,
some similarities and differences can be observed. For instance, findings in this cohort showed
poor correlation in patients with atopic dermatitis with UC in the active phase. This differs
greatly from previous studies,”3¢ which marked a correlation between atopic dermatitis as an
EIM and UC in the active phase. Similarly, when comparing our results from the PG group, a
poor correlation was also shown with UC in the active phase, which also differed from previous
reports.’’*% One important point that was different from previous reports is the limited number of
patients with both dermatitis and PG in this study. On the other hand, when the arthritis groups
were analyzed, there was a substantial correlation with UC in the active phase, and these results
are consistent with those of previous studies.'*** A similar observation could be made when
comparing RA with UC in the active phase within patient information. Previous reports showed
a similar association.?”# PSC also showed a substantial correlation with UC in the active phase,
which is consistent with previous studies.!”#

Although the underlying pathogenic mechanism involving UC and EIMs remains to be fully
understood, there are some hints that may help clarify such mechanisms, and consequently treat
these cases adequately.’®*? Previous reports state that in some EIMs, such as PG, symptoms
usually manifest at the same time as UC, while in EIMs like PSC and AS, symptoms tend to
occur whether UC is in the active phase or not.** In our study, 75% of PG cases arose while UC
was in the active phase, but both diseases overlapped at +£1.04 months. This could be explained
by similar pathophysiological pathways shared by some cutaneous manifestations, such as PG
and UC.*? High concentrations of adhesion molecules, such as o132 (LFA-1) and 04B1 (VLA-4),
expressed by circulating gut-activated lymphocytes, are eventually recruited to endothelial ligands
such as ICAM-1 and VCAM-1, leading to the development of EIM in UC in the active phase.*
Furthermore, there have been some common links between EIMs and UC at the genetic level.
For example, HLA-DRB1*0103, HLA-B27, and HLA-B58 alleles are associated with EIM in
patients with UC.* More specifically, the HLA-class II allele DRB1*0103 is linked with type
1 peripheral arthritis, whereas HLA-B27 is linked with AS. This might explain the shared
pathways with UC, with T-cell apoptosis being the most predominant.* In our study, 78.6%
of arthritis patients with UC had type 1 peripheral arthritis, suggesting that HLA-DRB1*0103
might be the allele present in this cohort. Likewise, some studies state that long-lived memory T
lymphocytes activated in the gut may also recirculate through the liver, triggering inflammation
under special conditions.* This may have some impact on EIM like PSC, in which expression of
potential addressins like VAP-1 and especially MAdCAM-1, would appear to be essential in the
recirculation of long-lived memory T lymphocytes between the gut and liver.* In light of this,
periodic searches for UC active signs, even after a liver transplant is performed, are important
to prevent further complications.'”* Even though, in this cohort, only 28.6% of PSC patients
with UC actively manifested symptoms even after liver transplant, further research would be
necessary to gain a deeper understanding of this topic.

As established, disease severity is important to provide suitable treatment.” Aminosalicylates
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are used to treat mild to moderate UC, topical and systemic steroids for UC flares, and im-
munosuppressants and biological drugs for moderate to severe UC.%* In general terms, in EIMs
cases, adequate treatment of the underlying UC during the active phase usually induces EIM
remission.?*#¢ Nevertheless, in some cases the EIM course is independent from UC activity.**8
For example, previous studies have established that antibodies to tumor necrosis factor alpha
(anti-TNFa) and corticosteroids, which have a positive effect on UC in the active phase (moderate
to severe degree), have a similar effect when IMIDs, such as arthritis, RA, and AS, symptoms
manifest.'>**4%% In peripheral arthritis cases from our sample, when UC was in the active phase,
anti-TNFo (infliximab) and 5-ASA (Mesalazine) were used, with positive results for both UC
and EIMs. Similarly, AS was handled while UC was in the active phase; however, given that
few patients with AS as EIM were recruited, a broader sample would be needed to make further
assumptions. In RA cases, 5-ASA (Mesalazine) was mainly used as maintenance therapy, and
anti-TNFo (infliximab) was added when UC was in the active phase, and anti-TNFo stopped
when UC activity was controlled.

Regarding management of PG and UC in the active phase, current information is contradic-
tory. One study has reported that treatment of UC does not necessarily work on underlying
EIM (PG),*® while others have reported good results in similar circumstances.’>* Nevertheless,
most health centers tend to use 5-ASA in combination with corticosteroids in these cases, given
their positive impact on both UC and PG.' PG patients from our sample were administered
5-ASA and corticosteroids (prednisolone) when UC was in the active phase, showing good
recovery. Dermatitis as an EIM while UC was in the active phase in this study was managed
with the administration of 5-ASA (Mesalazine). In some patients, immunosuppressors, such as
azathioprine, were used, showing clinical remission. Current information suggests that using
anti-TNFo. would lead to a paradoxical effect, which would be counterproductive when treating
UC, while underlying dermatitis takes place.’® Epidermal permeability membrane dysfunction,
increased susceptibility due to dysbiosis, interferon-y secreting TH1 cells, TH17 cells (interleukin
17A and IL-22), plasmacytoid dendritic cells (interferon-ov), and keratinocytes (IL-36 and IL-17C)
have been proposed to explain this phenomenon, but this topic remains to be fully understood.*
Therefore, it is important to look after adverse mucocutaneous reactions, such as eczematous
and psoriasis-like reactions, and even some life-threatening disorders such as Stevens Johnson
syndrome and urticaria-angioedema, when prescribing anti-TNF-o, especially when there is a
family history of dermatologic comorbidities.’® Previous literature shows that PSC symptoms
while UC is in the active phase tend to have a milder clinical course after surgical treatment
(liver transplant).'”> In our cohort, PSC while UC was active had a similar pattern to previous
studies. Given that cholangiocarcinoma is a possible outcome in patients with PSC and UC,"
early diagnosis of cholangiocarcinoma (ie, biopsy analysis with signs of adenocarcinoma or
mucinous carcinoma) is vital to prevent fatal outcomes in PSC.>*

There were some limitations to this study. First, the number of patients with both UC and
EIMs followed in this study was limited. This was especially seen in dermatologic comorbidities
(atopic dermatitis and PG). Second, while most of the data were collected from electronic medical
records, some minor details were not registered explicitly.

In conclusion, this analysis corroborates, to some extent, what previous studies from other parts
of the world have stated. Furthermore, it suggests the importance of having full comprehension
of how immunologic comorbidities affect the natural development of UC, which is of vital
importance to prevent further UC complications and properly adjust its treatment.
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