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Preface

Ulcerative colitis (UC) is a complex, lifelong, immune-mediated inflammatory
disorder that affects the rectum and colon to varying degrees, characterized by al-
ternating periods of disease exacerbation and remission. The prevalence of ulcerative
colitis was recently estimated to be 5 million cases globally (2023), and the incidence
is reported to be increasing worldwide. Pathogenesis is considered multifactorial

and not yet fully understood, with both potential genetic and host-related factors
implicated in its development. The disease is believed to occur in patients with genetic
predisposition following exposure to specific environmental risk factors. Altered
microbiota, gut epithelial barrier dysfunction, and dysregulated immune response
appear to play a significant role in the pathogenesis of UC.

Clinically, patients present with bloody diarrhea associated with abdominal pain
located primarily in the left lower quadrant and fecal urgency. In severe cases, fever
and abdominal tenderness may be accompanied by a toxic megacolon. The diagnosis
is complex, based on a combination of clinical features and biological, endoscopic and
histological aspects. Therefore, the disease alters the quality of life of these patients
due to colonic inflammation, leading to the clinical picture represented by chronic
diarrhea and rectal bleeding. Moreover, extraintestinal manifestations, including
primary sclerosing cholangitis, occur in up to one-third of patients, altering their
clinical outcome. The follow-up of these patients is complex, requiring clinical and
biological monitoring with a dynamic assessment of inflammatory biomarkers,
including fecal calprotectin; also, the longstanding disease is associated with an
increased risk of developing colorectal cancer. Therefore, colonoscopic monitoring is
recommended starting at 8 years from the UC diagnosis for the surveillance of
dysplasia.

The therapeutic management of UC is guided by the patients risk stratification based
on disease location using the Montreal Classification and on disease activity, which
may be assessed in clinical practice using several scores, including the Mayo Score.

The goal of pharmacological treatment is initially to induce a rapid clinical, biological,
and endoscopic response, and subsequently to maintain both clinical and endoscopic
remission. In modern concepts, this also includes achieving histological remission to
prevent long-term patient disability. The drugs used for inducing remission include 5-
aminosalicylic acid agents and corticosteroids. Maintenance therapy comprises a wide
variety of classes of agents, including 5-aminosalicylic acid drugs, thiopurines,
biologics such as monoclonal antibodies against tumor necrosis factor, anti-integrins
and anti-cytokines, and also the category of small molecules (Janus kinase inhibitors
and sphingosine-1-phosphate receptor modulators). The location of the disease and
severity of mucosal inflammation determine the selection of drugs and type of
delivery. In cases of mild to moderate disease, the first-line treatment for inducing and
maintaining remission is represented by 5-aminosalicylic acid. The induction
treatment in moderate to severe forms of UC may include oral corticosteroids as a
bridge to modern biological treatments used to maintain remission that targets
different



inflammation pathways. Other experimental and complementary therapeutic
approaches, such as fecal microbiota transplantation and probiotic administration,
show promising data.

Despite advances in pharmacological approaches to the disease, only one up to
two-thirds of the patients will respond to these modern treatments in the context of
clinical trials, many of them needing hospitalization and about 7% requiring colec-
tomy in an interval of 5 years after diagnosis. Additionally, the life expectancy of UC
patients is shorter than that of the general population. Surgical treatment may be
required in case of fulminant or refractory disease. Despite developing novel, potent
molecules, approximately 10-20% of patients remain non-responsive and may
require proctocolectomy.

This book aims to make an overview of modern concepts referring to the involve-
ment of gut microbiota alteration in the pathogenesis of UC, current laboratory

and non-invasive diagnostic assessment of the disease, tips to differentiate UC

from other pathologies, including infectious diseases, the role of different classical

or complementary therapies and compares the short and long-term outcomes for
different surgical type of interventions. Through its updated scientific content and
the valuable knowledge offered by authors with extensive experience in this field,

the book takes a step forward in understanding this complex disease, a condition that
can be extremely challenging for clinicians. It offers guidance for diagnosing and
managing ulcerative colitis, enriching readers with a new perspective on the disease.

Nowadays, we own a rich pharmacological arsenal, but the response efficiency is still
limited. Therefore, there is an urgent need to improve the management of severe and
refractory cases. The key to overcoming therapeutic barriers in the future will likely
involve personalized medicine—selecting drugs or drug combinations tailored to
individual patients based on their unique phenotypes, as determined by specific tools
and biomarkers.

Dr. Daniela Lazar

Associate Professor,

University of Medicine and Pharmacy “Victor Babes”,
Timisoara, Romania
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Chapter1

Laboratory Diagnosis of Ulcerative
Colitis and the Possibility of
Personalized Assessment in Real
Conditions

Gulustan H. Babayeva, Makhir T. Ramazanov,
Namig O. Isgandarov and Konul M. Kerimova

Abstract

Laboratory diagnostics of ulcerative colitis today are based on a limited number
of used laboratory markers; in most cases, these are C-reactive protein and fecal
calprotectin. However, given the diversity of ulcerative colitis manifestations, the
frequency of relapses and complications, as well as fairly frequent cases of “non-
response” to the basic therapy, it is time to reconsider routine views on the laboratory
diagnostics of this disease. Taking into account both the features of the clinical course
and endoscopic visualization, as well as the constant dependence of diagnostics on
pathomorphological assessment, the authors of this chapter offer an extensive review
and the results of their own studies related to the use of new laboratory markers for
diagnostics and real assessment of the patient’s condition without endoscopy and
pathomorphology. Only on the basis of a complete assessment of the patient’s condi-
tion is it possible to build a new personalized approach for further successful thera-
peutic response in real conditions.

Keywords: ulcerative colitis, fecal markers, “non-response” markers, personification,
artificial intelligence

1. Introduction

Ulcerative colitis (UC) is a chronic, relapsing disease that develops due to the
interaction of various factors, primarily genetic and environmental factors, and
is mainly found in developed countries. The causes of its occurrence are still not
precisely established, which complicates treatment and creates the need to improve
diagnostic methods. In Europe, there is a geographical gradient vector of incidence
“north-west,” but despite this, in recent years the frequency of cases has increased
in southern and eastern countries. Despite existing treatment methods, patients face
severe symptoms and complications, as well as a high risk of disability [1, 2]. There
is the concept of undifferentiated colitis, which is used to describe cases where it is
impossible to accurately determine whether the disease is ulcerative colitis, Crohn’s
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disease, or other forms of colitis, after analysis of anamnestic and endoscopic data,
pathological interpretation of multiple biopsies taken from the colon mucosa and the
results appropriate visualization methods [3-10].

Ulcerative colitis can begin at any age [1]. Inflammation usually begins in the
rectal area and tends to spread to proximal areas and more than 90% of patients with
active UC report the presence of rectal bleeding [11-17].

In addition, with ulcerative proctitis, constipation is also possible; with ulcerative
proctosigmoiditis, frequent urge to defecate and tenesmus [12]. The appearance of
perianal fistulas should raise suspicion for Crohn’ disease (CD).

Unfortunately, with ulcerative proctitis, due to symptoms that appear over several
weeks or even months with a tendency to constipation, a sufficient period of time
may pass before the patient decides to seek medical help [18].

The onset of severe relapse is observed in approximately 15% of cases, quite often
with systemic manifestations, including weight loss, hyperthermia, tachycardia, nausea,
vomiting, and manifestations of intoxication [19]. Extraintestinal manifestations, in
most cases, are represented by rheumatological lesions (axial, peripheral arthropathy);
ophthalmological (episcleritis) and dermatological (erythema nodularis), may occur in
10-20% of cases, and may also precede intestinal symptoms in 10% of patients [20-25].

The ECCO 3E statement [1] states that there is no gold standard for diagnosing
ulcerative colitis. Diagnosis is based on clinical, laboratory, imaging, and endoscopic
parameters, including histopathology. An infectious cause must be excluded, and if
diagnostic doubt remains, a repeat endoscopy with histopathological review may be
necessary after some time [ELS5].

Laboratory markers have been tested with varying degrees of success. C-reactive
phase protein (CRP) has been shown to be less effective in assessing disease activity
in UC than in CD, except in cases of acute severe colitis, for which standard values
have been established [26, 27]. In patients receiving parenteral steroids, a CRP level
greater than 45 mg/L within 48-72 hours of hospitalization for severe colitis with 3-8
bowel movements per day has become an indicator for colectomy [1]. Increased levels
of erythrocyte sedimentation rate (ESR), procalcitonin [28], and low albumin levels
have also been studied, but have not shown benefits over CRP [1, 2].

The most studied fecal markers are fecal calprotectin and lactoferrin, although
other markers such as elastase and S100A12 have also been shown to be accurate in
detecting colon inflammation [29, 30].

Calprotectin, determined in feces, correlates well with endoscopic parameters, as
well as with relapses and response to therapy, and is therefore useful for diagnosing and
assessing the severity of the disease. It can be used as a “relapse marker” in patients with
inactive IBD. A doubling of calprotectin levels is associated with an increased risk of
relapse (hazard ratio [HR]: 2.01; 95% confidence interval [CI]: 1.52-2.65). However, it is
important to note that none of these markers are specific for UC [31].

2. General ideas about laboratory diagnosis of UC

2.1 Use of molecular markers, laboratory diagnostics in a patient with ulcerative
colitis at the initial study

The following ECCO 2D statement [1] noted that routine clinical use of genetic or
serological molecular markers is not recommended for the classification of ulcerative
colitis [EL2] [32-42].
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Let us start with an initial examination of laboratory diagnostics in a patient with
UC. Initial studies should include a complete blood count, electrolytes, liver and kid-
ney function, iron, vitamin D, C-reactive protein (CRP), and fecal calprotectin [EL5].
You should also check your vaccination status. It is important to exclude infectious
diarrhea, including Clostridium difficile [EL2] (ECCO Statement 3F) [1, 2].

Laboratory markers of chronic inflammation may remain within normal limits
in mild to moderate forms of UC. A complete blood count may show: thrombocy-
tosis—induced by chronic inflammation; anemia is an indicator of severe disease or
disease activity; leukocytosis is a predictor of the risk of infectious complications. For
ulcerative colitis, with the exception of proctitis, the level of CRP usually corresponds
to the severity of the clinical picture [27].

In patients with severe clinical activity of UC, elevated levels of CRP are often
accompanied by an increase in ESR, anemia, and hypoalbuminemia. These indicators
are used as prognostic biomarkers to assess the need for colectomy in severe acute
colitis.

A CRP level greater than 10 mg/L 1 year after the onset of major colitis predicts an
increased risk of requiring surgical intervention [1, 43, 44]. CRP levels and ESR are
not specific enough to distinguish UC from infectious or other types of colitis. To rule
out infectious causes, it is important to perform a stool microbiological examination,
including testing for C. difficile toxin. Depending on the clinical picture, other tests
may be needed, such as testing fresh, warm stool samples for amoebas, protozoa, or
parasites to rule out these as possible causes of symptoms. The ECCO 3G document
emphasizes that “it is recommended that microbiological testing be performed in
patients with recurrent colitis, primarily testing for C. difficile and cytomegalovirus
[EL3]” [1].

Hospital-acquired C. difficile is an increasingly serious public health problem
and is associated with higher mortality and increased costs of healthcare resources
[45-48]. ECCO recommends screening at every exacerbation of the disease, and stool
tests for C. difficile testing should be performed whenever treatment resistance or
severe relapse occurs [1, 49-51].

Reactivation of cytomegalovirus (CMV) can occur in UC, particularly in immu-
nosuppressed patients with severe relapse [52, 53]. Although CMV reactivation itself
may not cause disease relapse and can lead to refractory disease or severe exacerba-
tions. In patients who experience relapses while on immunosuppressive drugs, CMV
infection must be ruled out. There is currently no universal method for detecting
clinically significant CMV infection in patients with colitis.

However, most experts agree that for diagnosis it is better to use histology and
immunohistochemistry of biopsies of the colon mucosa, rather than polymerase
chain reaction (PCR) to determine CMV in the blood. Although occasional intra-
nuclear inclusions identified by histopathology as CMV do not necessarily indicate
clinically significant infection, the presence of multiple such inclusions usually has
greater clinical significance [54-56]. Although there is a laboratory test for CMV avid-
ity, which can help in clinical practice based on percentage detection.

2.2 Biomarkers

Biomarkers are often used for noninvasive monitoring and treatment decision-
making in the treatment of patients with UC.

The most widely studied serological markers are perinuclear antineutrophil
cytoplasmic antibodies (pANCA) and anti-Saccharomyces cerevisiae antibodies
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(ASCA). According to various studies, pANCA is found in patients with UC in 65% of
cases, and in patients with Crohn’s disease in less than 10% of cases [57, 58]. Given the
limited sensitivity of the markers, their routine use as the sole means for diagnosing
UC and making therapeutic decisions is not justified from a clinical point of view.
Various fecal neutrophil proteins (calprotectin, lactoferrin, lysozyme, elastase) have
been evaluated as markers of inflammation in IBD [59-62]. But fecal calprotectin
appears to be the most sensitive [63].

Numerous studies have repeatedly emphasized the importance of calprotectin in
the diagnosis and management of inflammatory bowel diseases (IBD). This marker is
useful for:

* Selection of patients for further studies: Calprotectin helps determine which
patients require additional diagnostic procedures since its level indicates
inflammation.

* Disease severity assessments: Calprotectin values correlate well with inflamma-
tory activity, allowing the severity of the patient’s condition to be assessed.

* Detection of disease relapse: An increased level of calprotectin may indicate a
relapse, which helps to adjust treatment in time.

* Assessment of treatment effectiveness: A decrease in calprotectin levels indicates
a positive effect of therapy and a decrease in the inflammatory process.

Thus, calprotectin is a valuable marker for monitoring IBD and contributes to
more accurate decision-making during treatment [31, 64]. But calprotectin does not
have the specificity to distinguish between different types of inflammation; however,
it represents a useful noninvasive marker in the follow-up of patients with UC [65].
Home calprotectin assessment provides a rapid method for measuring intestinal
inflammation, is a reliable alternative to enzyme-linked immunosorbent assay
[ELISA], and represents a new way to monitor patients using an online healthcare
system [66].

2.3 Examinations upon admission of a patient with acute severe colitis

When a patient is hospitalized with acute severe colitis, a thorough evaluation of
complete blood counts, inflammatory markers (CRP or ESR), electrolytes, liver func-
tion tests, stool culture, and C. difficile toxins should be performed [67].

Predictors of an “unfavorable” outcome:

2.3.1 Anemia

Anemia is common in ulcerative colitis (21% of all patients) [1].

A scheme for estimating total iron requirements is presented in Table 1.

The ECCO 5A statement noted that “diagnostic criteria for iron deficiency depend
on the level of inflammation. In patients without clinical, endoscopic or biochemi-
cal evidence of active disease, a serum ferritin of less than 30 pg/L is an appropriate
criterion [EL 2]. In the presence of inflammation, serum ferritin up to 100 pg/L may
still be consistent with iron deficiency [EL 4]” [68].
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Hemoglobin g/dl Bodyweight < 70 kg Bodyweight > 70 kg
10-12 [women] 1000 mg 1500 mg
10-13 [men]
7-10 1500 mg 2000 mg
Table 1.

Simple flowchart for estimating total ivon vequirements (adapted from Dignass et al. [6]) [68].

Further, the ECCO 5B statement noted that “in the presence of biochemical or
clinical signs of inflammation, diagnostic criteria for anemia of chronic disease are
serum ferritin greater than 100 pg/L and transferrin saturation less than 20%. If
serum ferritin levels are between 30 and 100 pg/L, a combination of true iron defi-
ciency and anemia of chronic disease [EL2] is likely [68].

The most common forms of anemia in UC are iron deficiency anemia, anemia
of chronic diseases, as well as their mixtures [69]. Vitamin B12 deficiency, folic acid
deficiency, hemolytic anemia, and drug-induced anemia are fewer common forms
but should also be considered in the diagnosis [70]. The World Health Organization's
definition of anemia is “a decrease in hemoglobin in the blood to a concentration
of <12 g/dL [120 g/L] in women and <13 g/dL [130 g/L] in men” [68]. All patients
with ulcerative colitis (UC) should undergo screening for anemia, which includes a
complete blood count, serum ferritin level, and CRP level measurement.

Tests for anemia include red blood cell distribution width (RDW), mean corpus-
cular volume (MCV), reticulocyte count, complete blood count, and ferritin and
transferrin saturation levels.

Transferrin saturation can decrease in both iron deficiency anemia and inflam-
mation. The level of transferrin receptor in plasma increases with iron deficiency and
is not affected by the inflammatory process. If the cause of anemia remains unclear,
additional laboratory tests should be performed, including levels of vitamin B12,
folate, haptoglobin, and lactate dehydrogenase [6, 68, 71, 72].

2.3.2 Opportunistic infections

The ECCO protocol on opportunistic infections in statement 6A ([4], statement
2B) notes that “patients with ulcerative colitis are at risk of opportunistic infections
(taking immunomodulators [EL1], risk higher with combination immunosuppres-
sive therapy [EL3] and patients with malnutrition [EL5]). Concomitant diseases
and history of serious infections must be taken into account. Patient age is also an
independent risk factor for opportunistic infections in ulcerative colitis [EL3]” [1].
Conditions predisposing to opportunistic infections are classified as severe immu-
nosuppression; human immunodeficiency virus (HIV) infection; limited immu-
nodeficiency [73, 74]. Predisposing factors for opportunistic infections can be both
external (e.g., prescribed treatment) and congenital (for example, age, premorbid
diseases, malnutrition) [1]. Patients with UC are not immunodeficient themselves
but may have altered immune reactivity as a result of their treatment [1]. Older age is
an independent risk factor for opportunistic infections and associated adverse events
in UC [75]. Corticosteroids increase the risk of opportunistic infections when taken
at dosages greater than 20 mg prednisolone per day for more than 2 weeks [76]. All
immunosuppressive drugs used in IBD increase the risk of opportunistic infections,
and the use of more than one immunosuppressant at the same time can lead to a
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more than 14-fold increase in risk [1]. This risk is independent of the dose and type
of immunosuppressive drug but may depend on the age of the patient [76-78]. Drugs
from the group of TNF-« inhibitors double the likelihood of opportunistic infections,
in particular tuberculosis [TB] [79].

Among opportunistic infections, special attention throughout the world is paid to
the problems of viral hepatitis in this cohort of patients.

Thus, ECCO statement 6B (in Rahier et al. [4], Statement 3B), notes that “all
patients with ulcerative colitis should be tested HBsAg, anti-HBAbs, anti-HBcAb at
diagnosis for HBV” [1].

The following ECCO 6C statement [4] notes that “after vaccination, the response
against HBs should be measured. In patients at risk, the maintenance of antibodies to
HBs [EL5] should be monitored [1]. Further, ECCO statement 6E ([4], statement 3E),
which states that “reactivation of latent HBV rarely occurs with immunosuppressive
therapy used for UC [EL2]. Viremia [HBV DNA] should be assessed every 2-3 months
[EL5]” [1].

Patients with UC should also be tested for antibodies to the hepatitis C virus,
and if positive, this should be confirmed by positive detection of RNA of this virus.
Immunosuppressive therapy alone does not worsen hepatitis C virus infection unless
there is co-infection with hepatitis B virus infection or HIV, but it may increase drug-
induced hepatotoxicity in patients with hepatitis C virus infection [1].

Given the increased risk of opportunistic infections when immunosuppressive
therapy is prescribed, patients with UC should be advised to undergo HIV testing
[1]. Seropositivity is not a clear contraindication to immunosuppressive therapy ([4],
Statement 3F) [1, 80].

2.3.3 Mycobacterium tuberculosis

I would especially like to touch on the topic of tuberculosis in patients with IBD,
so in the ECCO 6F position ([4], position 6A), it is noted that “reactivation of latent
tuberculosis in patients treated with anti-TNF increases and is more severe than in
the background population [EL2]. Latent tuberculosis should be diagnosed using a
combination of patient history, chest X-ray, tuberculin skin test and interferon-gamma
release assays according to local prevalence and national guidelines. Screening should
be considered at diagnosis and always performed before anti-TNF therapy [EL5].
Interferon-gamma release assays are likely complementary to the tuberculin skin test
and are preferred for individuals immunized with BCG [EL1]” [1].

2.4 Colorectal cancer and its monitoring in ulcerative colitis

Although it is generally accepted that long-term UC is associated with an increased
risk of CRC, reported risk estimates vary widely between studies. Thus, the ECCO 8A
statement notes that “the risk of colorectal cancer in ulcerative colitis increases com-
pared with the general population. Risk is associated with disease duration [EL 2],
grade [EL 2], and more severe or persistent inflammatory activity [EL 2].” Consistent
risk factors for colorectal cancer in ulcerative colitis include: primary sclerosing
cholangitis (PSC; with an increased absolute risk of up to 31%) and stable histological
activity of the disease [1, 81]. Post-inflammatory polyps may be markers of previous
inflammatory severity and have also been identified as a high-risk factor [82]. Family
history is also found to be an increased risk, although the risk of this hypothesis varies
across studies, as do different claims about gender division (one study found the risk
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of colorectal cancer to be higher in men (SIR: 2.6; 95% CI: 2.2-3.0) than in women
(SIR:1.9; 95% CI: 1.5-2.3)) [1]. In multivariate logistic regression analysis, colorectal
cancer was associated with male gender, disease duration, extensive colitis, concomi-
tant PSC, mean albumin level, and elevated CRP [1].

Today, simple, accessible laboratory tests are used for the early diagnosis of
colorectal cancer, in particular, these include fecal TM2-pyruvate kinase and fecal
hemoglobin.

3. Fecal markers in laboratory diagnosis of ulcerative colitis

Fecal calprotectin is a protein containing calcium and zinc ions with a molecular
weight of 36 kDa. This calcium-containing protein makes up approximately 5% of
the total protein and 60% of the cytosolic proteins of neutrophils, that is, neutrophils
(the largest group of leukocytes, the main function of which is to protect the body
from various infections) are responsible for its production. The protein has bacterio-
static and fungicidal properties; during a gastrointestinal immune response involving
neutrophils, calprotectin is released and then excreted in the feces at a concentration
six times higher than in the blood. As a result, direct detection of calprotectin in feces
clarifies the extent of the inflammatory immune response in the gastrointestinal tract.

The calprotectin test is a noninvasive and inexpensive, but highly sensitive bio-
marker of intestinal inflammation, which is successfully used in diagnosis, assessing
the effectiveness of treatment, predicting relapses, and monitoring the condition of
patients with ulcerative colitis and Crohn’s disease in remission.

The method makes it possible to distinguish a group of inflammatory diseases
from irritable bowel syndrome, in which there is no inflammation of the mucous
membrane of the gastrointestinal tract.

The high sensitivity of the calprotectin test has been established and proven for
other diseases accompanied by intestinal inflammation: cancer, adenoma, micro-
scopic colitis, intestinal infections with various types of damage to the mucous
membrane, including increased permeability and the presence of erosive and ulcer-
ative changes.

The main indications for the calprotectin test are differential diagnosis of organic
and functional intestinal diseases; monitoring the activity of inflammation and
response to therapy in Crohn’s disease, ulcerative colitis; diagnosis of early relapse of
chronic IBD; suspicion of intestinal neoplasms (ranks second in importance after the
quantitative comprehensive determination of fecal hemoglobin and fecal transferrin);
diagnosis of necrotizing enterocolitis in newborns; assessment of the side effects
of drugs that damage the intestinal mucosa (enteropathy associated with taking
nonsteroidal anti-inflammatory drugs); acute diarrhea syndrome; assessment of the
completeness of the inflammatory process, the degree of restoration of the intestinal
mucosa after infectious diseases (typhoid fever, escherichiosis, dysentery, viral
intestinal infections).

3.1 Fecal lactoferrin

Lactoferrin is a protein from the transferrin family, a globular glycoprotein with a
molecular weight of about 80 kDa, widely present in various secretory fluids (milk,
saliva, tears, nasal gland secretions). Lactoferrin belongs to the innate immune
system; there is evidence that it is indirectly involved in the processes of cellular
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immunity. The main biological functions of the protein are the binding and trans-
port of iron ions, as well as antibacterial, antiviral, antiparasitic, anticancer, and
antiallergic.

Antibacterial activity. The antibacterial properties of lactoferrin are due to its
ability to bind iron, which prevents bacterial microflora from using this important
microelement for growth and vital activity. However, in addition to this function,
lactoferrin also has other mechanisms of anti-infective activity that are not related to
iron binding.

Such mechanisms include:

* Stimulation of phagocytosis: Lactoferrin can enhance the process of uptake and
destruction of pathogens by phagocytes.

* Effect on complement activity: Lactoferrin may have an effect on the comple-
ment system, which helps the body fight infections.

* Specific interaction with bacterial membrane: Lactoferrin can directly interact
with the outer membrane of bacteria, leading to their destruction.

In addition, lactoferrin has the ability to destroy bacterial membranes and even
penetrate into bacterial cells. The peptide lactoferricin, located at the N-terminus
of the lactoferrin molecule, is responsible for specific binding to the bacterial wall.
This peptide is released from the lactoferrin molecule upon proteolytic cleavage, for
example, using trypsin in vitro.

3.1.1 Antivirus activity

Lactoferrin demonstrates antiviral activity against a number of viruses, both
human and animal, which may have DNA or RNA genomes. This protein binds to
various viral antigens, mainly in laboratory conditions (in vitro). Studies have shown
its effectiveness against herpes simplex viruses’ types 1 and 2, cytomegalovirus, HIV,
hepatitis C virus, rotaviruses, poliovirus type 1, adenoviruses, and respiratory syncy-
tial virus. In addition, lactoferrin and its derivative, lactoferricin, inhibit the growth
of fungi such as Trichophyton mentagrophytes, which causes skin diseases such as
ringworm. Lactoferrin is also effective against Candida albicans, a fungus that lives
in the oral mucosa of healthy people. The use of lactoferrin as a marker of diarrhea
caused by pathogens such as Shigella, Salmonella, Campylobacter, and Clostridium
difficile is currently being investigated.

This glycoprotein is synthesized by neutrophils, mononuclear phagocytes, and
epithelial cells, and is found in secretory fluids such as saliva and breast milk. Its
main function is to inhibit bacterial growth and reduce iron availability. The effect of
lactoferrin is enhanced by the presence of specific secretory IgA antibodies against
bacteria. Under conditions of inflammation in the gastrointestinal tract, neutrophils
and phagocytic cells migrate to the inflammatory zone and secrete granules contain-
ing lactoferrin. Lactoferrin remains highly stable in feces and can be detected using
immunochemical methods. Elevated levels of this biomarker are observed in patients
with chronic IBD such as ulcerative colitis and Crohn’s disease.

The results of some studies to identify adult patients with IBD showed a “cut-off”
level of calprotectin of 50 pg/g of feces; for lactoferrin, a concentration of >7.5 pg/g of
feces is regarded as positive. The lactoferrin test may be positive in breastfed children
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and should not be used to evaluate infants (newborns have higher fecal calprotectin
levels than older children (median 167 mcg/g)).

Based on the results of a retrospective analysis, fecal lactoferrin may serve as a
valuable prognostic biomarker, providing useful information on both long-term
treatment outcomes and the risk of colectomy in patients with UC. One published
study to evaluate fecal lactoferrin levels as an early predictor of long-term outcomes
in UC found interesting results. The study included patients receiving biologics for
whom fecal lactoferrin concentration data were available at week 4 of the UNIFI and
PURSUIT studies (n = 1063). The evaluation included treatment outcomes such as
histological improvement and remission, endoscopic improvement and remission,
and clinical remission, each of which was assessed after the completion of the main-
tenance therapy period. In a subset of the PURSUIT study (n = 667), colectomy cases
were recorded from weeks 0 to 228.

Using multivariate logistic analysis and Cox proportional hazards regression
analysis, the relationship between fecal lactoferrin levels and treatment outcomes
and the likelihood of colectomy was assessed. Elevated levels of fecal lactoferrin at
week 4 were found to be associated with adverse long-term outcomes (histological,
endoscopic, and clinical). Fecal lactoferrin levels greater than 84.5 pg/mL indicated
a decreased likelihood of achieving histological (odds ratio [OR]: 0.27), endoscopic
(OR: 0.40), and clinical (OR: 0.43) remission. Notably, the measurement of fecal lac-
toferrin levels at week 4, along with fecal calprotectin levels and endoscopic and clini-
cal parameters associated with treatment outcomes, provided additional prognostic
information. Regarding the risk of colectomy, patients with fecal lactoferrin levels at
week 4 > 20.1 and <20.1 pg/mL had colectomy rates of 6.39 and 1.10%, respectively.
Patients with fecal lactoferrin levels >20.1 pg/mL had a significantly increased risk of
colectomy by 99.5% (hazard ratio: 10.95).

Therefore, fecal lactoferrin may serve as a valuable prognostic biomarker for
both long-term treatment outcomes and the likelihood of colectomy in patients with
ulcerative colitis [83].

3.2 Albumin in feces

Albumin is the main protein in human plasma (40-60%), synthesized by the liver
depending on protein intake. The presence of albumin in feces reflects the inflamma-
tory response and intestinal bleeding. Increased levels of albumin and hemoglobin in
the stool are found not only in colorectal carcinomas but also in patients with polyps
and with Crohn’s disease and ulcerative colitis.

Indications for laboratory diagnostics: Establishing the source of bleeding in
the lower gastrointestinal tract; diagnosis of colorectal carcinoma; examination of
patients at risk; Crohn’s disease and ulcerative colitis.

3.3 Eosinophilic neurotoxin (eosinophil-derivedneurotoxin, EDN) in feces

EDN is a cationic glycoprotein that is secreted by activated eosinophils, has
strong cytotoxicity, and is of great importance in antiviral defense. It is released from
eosinophil granules at sites where eosinophils accumulate at the site where the body
meets the pathogen. The accumulation of EDN in the intestine is associated with
tissue damage; with its help, it is possible to determine the integrity of the intestinal
mucosa in UC and CD, intestinal carcinoma, and intestinal parasitosis. Measurement
of eosinophilic neurotoxin in fecal matter can help differentiate between food allergy
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and food intolerance, as well as assess the effectiveness of an elimination diet. The
stool EDN test can serve as an objective parameter of ongoing clinical or subclinical
chronic inflammation in the gastrointestinal tract. In patients with ulcerative colitis,
EDN allows one to judge the activity and prognosis of the disease.

3.4 p-Defensin-2 in feces

p-Defensins are part of the innate immune system and the antimicrobial immune
barrier of the intestinal mucosa. Defensins have antimicrobial activity to varying
degrees against some enveloped viruses, bacteria, and fungi. -defensin-2 deficiency
may be observed in the intestinal mucosa of patients with CD. The defensin system
in such patients is defective and does not limit invasive bacterial growth, leading to
infections typical of CD.

Indication: Differential diagnosis of CD (decreased f-defensin-2 levels) and UC
(increased B-defensin levels).

3.5 Hemoglobin-Haptoglobin (Hb-Hp) in fecal

Free hemoglobin (Hb) immediately binds to the serum protein haptoglobin (Hp),
forming the Hb-Hp complex, which is more stable in the intestine compared to free
hemoglobin. This method can detect bleeding from adenomatous nodes or carcino-
mas of the upper gastrointestinal tract. The combination of the two analysis methods
is highly sensitive and allows for effective detection of colorectal carcinoma in the
early stages. Unlike other tests for blood in stool, this method does not require dietary
restrictions or special medications. It is capable of detecting free hemoglobin with
a sensitivity 100 times greater than that of rapid tests, minimizing the risk of false
negative results. Selected antibodies ensure the high specificity of the test, and its
results do not depend on the influence of animal hemoglobin, myoglobin, animal and
plant peroxidases, or antioxidants. The method is available in enzyme immunoassay
and rapid assay formats.

Indications for use: Test for occult blood in stool, Crohn’s disease, ulcerative colitis,
suspected colon carcinoma, and rectal polyps.

3.6 Fecal myeloperoxidase

Neutrophil granules contain a large number of different enzymes.
Myeloperoxidase catalyzes oxidation with the formation of peroxide products toxic to
microorganisms. The effectiveness of the bacteria-destroying action is enhanced by
the action of polymorphonuclear leukocyte elastase. Determination of myeloperoxi-
dase in feces reflects the activity of Crohn’s disease and ulcerative colitis.

Indications: A marker of inflammation of the gastrointestinal tract; oxidative
stress.

3.7 Fecal chymotrypsin

Chymotrypsin is a serine protease enzyme that is produced by the pancreas after
eating and is involved in the breakdown of food proteins. With insufficiency of
pancreatic function, its secretion decreases significantly. Fecal chymotrypsin testing
is an informative and noninvasive way to assess pancreatic function. This method
measures the concentration of the enzyme, which can be more accurate than assessing
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its activity. Chymotrypsin remains stable for 12 days at room temperature, making it
similar in stability to pancreatic elastase. Therefore, fecal chymotrypsin testing may
be an alternative to pancreatic elastase testing. Patients with IBD often have exocrine
pancreatic insufficiency.

Indications for chymotrypsin testing: Chronic pancreatitis, exocrine pancreatic
insufficiency.

3.8 Fecal pancreatic elastase-1

Elastase-1 is a proteolytic enzyme synthesized exclusively by the pancreas. It
is characterized by stability in the intestinal passage and even accumulation: the
concentration of elastase is six times higher in feces compared to duodenal juice.
Determination of enzyme concentration reflects the secretory capacity of exo-
crine pancreatic tissue. This method is species-specific and does not cross-react
with the porcine enzyme, so patients do not need to interrupt enzyme treatment
for testing.

Indication - diagnosis of exocrine pancreatic insufficiency: For chronic pancre-
atitis; cystic fibrosis; pancreatic carcinoma; insulin-dependent diabetes mellitus;
Shwachman-Diamond syndrome; pancreatic insufficiency of another origin (e.g.,
with UC and CD).

3.9 Fecal lysozyme

Lysozyme (muramidase) is a protein with a molecular weight of about 15 kDa,
belonging to the group of alkaline glycosidases. Lysozyme is produced by granulo-
cytes, monocytes, and macrophages. The main source of lysozyme in feces is intes-
tinal granulocytes. It can be detected in the inflammatory infiltrate during the acute
period of Crohn’s disease. It is also actively secreted by mononuclear cells into the
intestinal lumen.

Indications: Diagnosis and monitoring of Crohn’s disease; bacterial, viral, allergic
and autoimmune IBD.

3.10 Fecal al-anti-trypsin

al-Antitrypsin acts as a primary inhibitor of polymorphonuclear neutrophil
granulocyte elastase (PMN-elastase) and is secreted during inflammation, reduc-
ing the proteolytic activity of PMN-elastase at the site of inflammation, playing an
important regulatory role in the anti-inflammatory response.

al-Antitrypsin is a linear glycoprotein with a molecular weight of 52 kDa, with a
free cysteine residue and three side carbohydrate chains. It is synthesized mainly in
the liver, as well as by macrophages, monocytes, and epithelial cells of the intestinal
mucosa. al-Antitrypsin is the main inhibitor of serine proteases in human plasma;
in addition, fecal al-antitrypsin is an important marker of intestinal protein loss
and increased intestinal permeability, as it is resistant to degradation in the intestine
due to its antiproteolytic activity. In addition, measurement of fecal al-antitrypsin
concentrations is used to evaluate and monitor chronic IBD. In clinical practice,
assessment of al-antitrypsin clearance (the ratio of al-antitrypsin levels in stool to
blood) is preferable to a single determination in stool: false negative and false-positive
results are reduced by 21%. The method is more sensitive compared to routine
methods and facilitates the determination of protein concentration in cell culture
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supernatants, as well as the successful recognition of both hepatic and intestinal
forms of al-antitrypsin. This method is a promising alternative to the radial immu-
nodiffusion method, especially in cases of large protein loss. The combination of two
types of specific antibodies reduces the number of false negative results, ensuring a
reliable diagnosis. Thus, this is a new, easy-to-use, and noninvasive test for determin-
ing intestinal protein loss.

Indications: Intestinal protein loss syndrome and impaired intestinal permeability;
Crohn’s disease; complicated ulcerative colitis, necrotizing enterocolitis; inflamma-
tion of viral, bacterial, or allergic origin.

3.11 Fecal TM2-pyruvate kinase

Tumor Marker 2 (TM 2) is a dimer of one of the isoforms of the pyruvate kinase
enzyme involved in the glycolysis reaction. In normal cells, it is present as a monomer
in small quantities, while in tumor cells significant concentrations of the enzyme
are produced in the form of a dimer (TM-2). A high concentration of the glycolysis
enzyme provides energy expenditure for actively proliferating tumor cells. With the
development of precancerous diseases and colon cancer, TM-2 can be detected in
stool, which makes it possible to use it as a tumor marker. The “gold standard” for
early diagnosis of colon cancer is colonoscopy. However, given its invasiveness and
associated risks, it cannot be used as a screening test, unlike the stool TM-2 test,
which is a noninvasive method.

The pyruvate kinase test has several advantages over other noninvasive methods.
If the presence of heme is detected during a stool occult blood test, this test detects an
enzyme specific to tumor cells, which makes it possible to detect both bleeding and
non-bleeding neoplasms.

This feature causes a higher sensitivity of the test (for comparison: the sensitivity
of the TM-2 test is 92.3%, and the sensitivity of the fecal occult blood test is 20-35%).
Unlike the stool occult blood test, the result of this test does not depend on diet and
can be obtained with a single collection of biomaterials, which is much more con-
venient for the patient. In addition, the analysis result is not affected by the use of
nonsteroidal anti-inflammatory drugs, vitamin C, gastritis, peptic ulcers, intestinal
diverticulosis, and hemorrhoids, that is, false-positive results are practically excluded.
A study on TM-2 is indicated for patients with symptoms of colon cancer, as well as
with risk factors for its development (smoking, obesity, heredity, age over 50 years,
alcohol abuse, sedentary lifestyle, ulcerative colitis). The concentration of TM-2 in
feces increases in proportion to tumor growth. Therefore, TM-2 testing can be used to
determine the stage and prognosis of the disease. Typically, TM-2 concentrations in
feces return to normal after surgery for colon cancer. Receiving a positive test result
again or an increase in TM-2 in the postoperative period may indicate a relapse of the
disease.

A positive test result suggests the presence of intestinal cancer but does not
establish a final diagnosis. To confirm the diagnosis, patients with this result should
be referred for additional laboratory and instrumental examinations.

What is the TM2-pyruvate kinase test used for? For early diagnosis of dysplastic
polyps and adenocarcinoma of the colon.

When is the study scheduled? If the patient has factors that increase the risk of
developing colon cancer: smoking, obesity, heredity, age over 50 years, alcohol abuse,
sedentary lifestyle, and ulcerative colitis.
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Symptoms of colon cancer: loss of weight and appetite, blood in the stool, iron
deficiency anemia (for right-sided tumors), constipation or diarrhea (for left-sided
tumors).

4. Hematological markers for laboratory diagnosis of ulcerative colitis
4.1 Homocysteine

The presence of IBD is an independent risk factor for the development of ath-
erosclerosis and, therefore, may be responsible for a high risk of cardiovascular
morbidity and mortality [84-86]. Currently, the relationship between hyper-
homocysteinemia and the development of thrombosis in IBD has been studied.
Hyperhomocysteinemia can be hereditary and also manifests itself with a deficiency
of cofactors such as vitamins B6, B1, and folic acid, which are involved in the metabo-
lism of homocysteine.

Homocysteine is a thialactone that forms aggregates with low-density lipoprotein
cholesterol, which leads to the formation of foam cells and promotes the reactivation
of oxygen-containing radicals. The latter lead to endothelial damage, which in turn
causes excessive platelet activation and aggregation.

Reactive oxygen radicals also contribute to the development of thrombosis by
oxidizing low-density lipoproteins, which leads to lipid peroxidation, causing the
proliferation of vascular smooth muscle. Thus, in studies that examined hyperhomo-
cysteinemia in IBD, it was found that homocysteine levels were significantly higher
in people with IBD compared with healthy study participants [83-86]. Our results are
also fully consistent with these data [87].

4.2 Antibody studies for laboratory diagnosis of ulcerative colitis

The current concept of the pathogenesis of IBD involves the interaction of indi-
vidual characteristics of the tolerance of the body’s immune system, external factors,
and intestinal microflora in genetically predisposed individuals. Only a certain
combination of all these factors leads to the development of inflammatory damage to
the intestinal mucosa. Many immune-mediated humoral and cellular pathogenetic
phenomena have been identified both at the systemic and local (intestinal) levels
in IBD. The binding of microbial and food pathogens to Toll- and NOD-like recep-
tors stimulate the activity of macrophages, monocytes, dendritic cells, neutrophils,
natural killer cells, innate lymphoid cells, intestinal epithelial cells, inflammasomes
and induces the synthesis of proinflammatory cytokines and various tissue factors,
which leads to inflammation and destruction of the intestinal wall. Cytokines and
tissue antigens enhance autoimmune responses of adaptive immunity, promoting the
loss of immunological tolerance and hyperproduction of a wide range of antibodies to
both microbial and self-antigens [88].

The search for serological markers of IBD began in 1959, when the first reports of
autoantibodies against colonic epithelial cells in UC appeared. Since then, a number
of autoantibodies, antimicrobial antibodies, and antibodies to peptide antigens have
been identified, including antiglycan antibodies, antineutrophil cytoplasmic antibod-
ies, intestinal goblet cell antibodies, exocrine pancreatic antibodies, and several oth-
ers, that are associated with CD and UC. Determination of these antibodies makes it
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possible to identify groups of people at high risk of developing IBD, differentiate CD
and UC (especially in cases of undifferentiated colitis), and also individually predict
the course of an existing disease, thereby, in some cases, allowing optimization of

basic therapy.
4.3 Antineutrophil cytoplasmic antibodies (ANCA)

Antineutrophil cytoplasmic antibodies are a group of autoantibodies against
antigens localized in azurophilic and specific granules of neutrophils and monocytes.
When ANCA is detected by indirect immunofluorescence (inDIF), depending on the
autoantibodies present, several types of neutrophil luminescence are microscopically
determined: cytoplasmic (cANCA), perinuclear (p)ANCA), as well as the so-called
atypical luminescence variant or “xANCA.” The main antigenic target of cANCA is
proteinase 3 (PR3), cANCA is myeloperoxidase (MPO), which are classically highly
specific markers of ANCA-associated vasculitis. The atypical fluorescence pattern of
ANCA is determined by various antigens of neutrophil granules, including elastase,
cathepsin G, lactoferrin, lysozyme, bactericidal permeability-increasing protein
(BPI), azurosidine, and is observed in 50% of patients with autoimmune hepatitis,
40% with PSC, 5% with primary biliary cholangitis (PBC), 5-10%—rheumatoid
arthritis and IBD [88, 89].

It has been shown that recognition of antigens in the intestinal mucosa is accom-
panied by local production of ANCA. The mechanism for the appearance of ANCA
in IBD may be due to the cross-reactivity of intestinal microflora antigens with
human neutrophil antigens. Proteins from the anaerobic bacteria Bacteroides caccae
(100 kDa) and Escherichia coli (OmpC) were identified by Cohavy O. as cross-
reactive ANCA epitopes for the colitis-induced T-cell immune response. Most ANCA
target antigens play a physiological role in the antimicrobial system of phagocytes.
Since ANCA antigens are components of neutrophil granules, their main focus of
action is on neutrophil function. It has been shown that ANCA can bind to nuclear
antigens of apoptotic neutrophils to form extracellular traps (NETs), the complex
of which is a strong immunogenic material and can enhance the inflammatory
response in IBD.

For the first time, XANCA of the IgG class in patients with UC was discovered back
in 1990 by two independent groups of researchers from the University of California
and the University of Freiburg, who reported the occurrence of autoantibodies in
84 and 59% of cases, respectively. In patients with CD, positive titers of xANCA are
10-20% and reach 50-85% among patients with extraintestinal manifestations of IBD
in the form of PSC [88-90].

Among the most common and studied xANCA autoantibodies are DNA-
lactoferrin complexes, PR3 and cathepsin G. Lactoferrin molecules bound to DNA
have high conformational stability, which, when identifying antigenic targets of
xANCA, determines the high specificity of the determination of autoantibodies to
DNA-lactoferrin complexes. The detection rate of these autoantibodies in patients
with UC is 72%, CD—6.3%, PSC—22%, and healthy individuals—2%. Moreover, in
half of the patients with PSC, the detection of antibodies to DNA-lactoferrin com-
plexes was associated with the presence of UC in 100% of cases [88-90].

The gold standard for the determination of ANCA is currently the nRIF method
on ethanol-fixed neutrophils in combination with determination of the antigenic
direction of antibodies—MPO, PR3, cathepsin G, elastase, lactoferrin, lysozyme,
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bactericidal permeability-increasing protein (BPI) using an enzyme-linked immuno-
sorbent assay, as well as determination of antibodies to the lactoferrin-DNA complex
on neutrophils using the nRIF method.

4.3.1 Antibodies to Saccharomyces cevevisiae (ASCA)

The immune response to commensal bacteria is critical to maintaining intestinal
mucosal homeostasis, the disruption of which is a key factor in the pathogenesis
of IBD. Loss of immunological tolerance to antigens of microbial origin and dis-
ruption of intestinal barrier function induce autoimmune responses of adaptive
immunity and the production of antibodies directed against bacterial components,
thereby maintaining inflammatory damage to the intestinal mucosa in IBD.
Examples of such antibodies are anti-glycan antibodies, including anti-Saccharo-
myces cerevisiae (ASCA), anti-mannobioside (AMCA), anti-laminarioside (ALCA),
anti-chitobioside (ACCA), anti-laminarin (Anti-L), and anti-chitin antibodies
(Anti-C).

Glycans are mono-, oligo-, and polysaccharides that are the predominant surface
components of red blood cells, immune cells, and microorganisms, including bacte-
ria and yeast. Possessing structural-modulating properties, glycans are involved in
protecting proteins from proteolysis, intercellular interactions, molecular recognition
by glycan-binding proteins and maintaining intestinal barrier function.

In 1988, a Scottish study by Main et al. first described the presence of ASCA in
patients with CD. The antigenic target of ASCA is a water-soluble thermostable
phosphopeptidomannan weighing 200 kDa, the main component of the cell wall
of baker’s yeast S. cerevisiae. Sendid B. and co-authors subsequently found that the
epitope for ASCA is phosphopeptidomannan with a-1,3-mannose with n = 1,2-sugar
residues [91-94].

Sacharomyces cerevisiae is a yeast commonly used in the food industry for baking
and brewing and is probably not directly associated with the pathogenesis of CD.
Although the mechanism of ASCA in IBD is still unclear, the mannose-induced
immunological response may be due to a cross-reaction with the yeast Candida
albicans. ASCA has been shown to appear in Candida albicans-infected rabbits, but
not mice, confirming their potentially cross-reactive nature, which depends on
the characteristics of the host organism [91-94]. The induction of ASCA and other
antiglycan antibodies has been established in various autoimmune diseases, includ-
ing IBD, PBC, PSC, and celiac disease. In particular, AMCA, ALCA, and ACCA,
despite the fact that their occurrence in patients with CD is no more than 20%, is
observed mainly with the onset of the disease at an early age, its complicated course,
and the need for surgical treatment. High levels of AMCA and ALCA were combined
with the involvement of the small intestine in CD, Anti-L—ileocolitis, Anti-C—
penetrating phenotype, and perianal lesions [91-94]. Seropositivity for ACCA and
Anti-L was associated with steroid dependence in CD, and the combined detection
of ASCA, AMCA, ACCA in concentrations of more than 63 U/ml, 77 U/ml and 50 U/
ml, respectively, was associated with a high risk of developing severe exacerbation of
CD, with AMCA and ACCA content more than 52 and 25 U/ml, respectively — severe
attack of UC [91-94].

The frequency of detection of ASCA classes IgA and/or IgG in patients with CD is
39-70%, UC—10-15%, and in healthy individuals—1-2%. In addition, ASCA occurs
in 53% of patients with PSC, 18.9% of PBC, and 55.8% of patients with celiac disease
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not following a gluten-free diet. An increased detection rate of ASCA has been shown
in healthy relatives of patients with CD. Moreover, positive ASCA results were more
prevalent in familial rather than sporadic cases of CD. The increased occurrence

of ASCA (20-25%) in first-degree relatives of patients with CD is comparable to

the role of these antibodies as markers of genetic predisposition. The World Health
Organization and ECCO-ESGAR international consensus on the clinical significance
of ASCA in IBD allows the use of antibodies to confirm the diagnosis of CD, but not
in the differential diagnosis of CD of the colon and UC.

To detect ASCA, the method of enzyme-linked immunosorbent assay (ELISA) is
used, less often—indirect immunofluorescence reactions (indirect immunofluores-
cence reactions) or immunoblotting.

Since the exact structure of the epitopes of antibodies against S. cerevisiae has
not yet been established, purified and destroyed S. cerevisiae, oligopeptidomannans
from the cell wall of yeast or mannose are used as a source of antigens in ELISA,
which may determine some differences in the interpretation of ASCA detection
results [94].

4.4 Diagnostic and prognostic value of ANCA and ASCA

Summarizing the known literature data, it can be confirmed that the indicators
of diagnostic sensitivity (DS) and diagnostic specificity (DS) (95% confidence
interval, CI) of ASCA in patients with CD vs. UC is 56.6% (51.9-61.3) and 88.1%
(85.8-90.0), CD vs. other gastrointestinal diseases (irritable bowel syndrome, diver-
ticulitis, infectious, pseudomembranous and ischemic colitis)—52.8% (44.4-61.1)
and 90.9% (77.2-96.7), CD vs. control group (without clinical signs of IBD)—53%
(44.6-61.3) and 90.9% (75.6-104.7), respectively. When assessing the diagnostic
effectiveness of isolated determination of xANCA in patients with IBD, it was found
that the indicators of DC and DC in patients with UC vs. CD vary between 50 and
71% and 75-98%. These data demonstrate that, with limited sensitivity, ASCA and
ANCA are highly specific markers of IBD, the use of which is most effective in the
differential diagnosis of CD with UC and can serve as an additional confirmatory
test in the diagnosis of CD and UC. However, the most interesting is the use of these
antibodies in assessing the individual risk of development, and clinical course and
predicting complications that require an earlier aggressive treatment strategy for
IBD [95, 96].

It was shown that xANCA-positive patients with IBD had a younger age at diagno-
sis—29.2 + 11.8 years compared to seronegative patients—43.5 + 15.3 years [95-97].

It was found that xANCA-seropositive patients with UC had a high likelihood of
left-sided intestinal lesions, a severe progressive and often recurrent course. Patients
with a diagnostic xANCA titer had a longer duration of disease, frequency of stool,
and pyrexia. In addition, thrombocytosis, leukocytosis, and hypoalbuminemia were
more common in them. Isolated detection of ANCA with a negative result of ASCA
and other antimicrobial antibodies in patients with CD is associated with localization
of the lesion in the colon, a UC-like phenotype of CD, and the absence of strictures
and penetrations. In UC, high serum levels of ANCA are a predictor of aggressive
relapsing disease, the need for early surgical treatment, and the occurrence of
pouchitis after the formation of small intestinal pouches [97]. However, other studies
have failed to detect clinical differences between x ANCA-seropositive and xANCA-
seronegative patients with UC and CD.
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Of no less interest are the results of studies regarding the relationship between
ANCA and predicting response to IBD therapy. It was shown that xANCA-positive
patients had a high risk of developing left-sided UC, refractory to 5-ASA, and hor-
monal therapy, requiring surgical treatment. Negative xANCA status in patients
with UC was an independent predictor of early clinical response to infliximab but
did not affect the achievement of disease remission [95-97]. However, unlike ANCA-
associated vasculitis, autoantibody titers in UC were stable throughout the disease
and did not depend on the effectiveness of drug and surgical treatment, which does
not allow the use of ANCA detection for monitoring and predicting the inflammatory
activity of the disease [98].

According to the results of studies by Schulte-Pelkum and Horn et al., antibod-
ies to PR3 associated with xANCA are a highly specific marker of UC (DS = 58%,

DS = 93%). The incidence of PR3-xANCA in patients with UC was 31-39%,
CD—1.9-6%, celiac disease—2%, healthy individuals—1.5-2%. High PR3-xANCA
titers are directly correlated with severe UC attack according to the Mayo index. It was
shown that these antibodies were found in 58.3% of patients with a shorter duration
of the disease (0-3 years) compared to patients with a disease duration of 17-20 years
(22.7%; p = 0.0001), and also significantly more often were determined in patients
with total UC (37.3%) vs. left-sided lesions (20.6%, p = 0.01) and proctitis (15.4%,

p = 0.04) [99, 100]. It is important to note that PR3-xANCA was found in 48.1%

of patients with a combination of CD and PSC and 40.5% with UC and PSC which
allows us to consider the data autoantibodies with an atypical luminescence pattern of
ANCA as an unfavorable prognostic marker of extraintestinal manifestations of IBD
in the form of PSC [99, 100].

Antibodies against cathepsin G were detected in 40.6% of patients with active UC,
and their frequency was significantly higher in patients with severe colitis on endos-
copy. In addition, antibodies to cathepsin G were found in 35% of patients with PSC,
of whom 80% were diagnosed with IBD. However, some research results demonstrate
the lack of correlations of autoantibodies to DNA-lactoferrin complexes, PR3, cathep-
sin G, BPI, and elastase with clinical signs of IBD [99, 100].

4.4.1 Combined definition of ANCA and ASCA

The diagnosis of CD and UC is based on the results of clinical, radiological,
endoscopic, and pathomorphological research methods. In 10-15% of patients,
colitis cannot be classified as CD or UC and are considered to have undifferentiated
colitis (UC). The diagnosis of NK is usually temporary, and the disease is later finally
differentiated into CD or UC. However, in almost 14% of patients, over time, the
initial diagnosis of UC changes to CD and vice versa. Accurate and early diagnosis in
these cases can be clinically important for making therapeutic decisions and further
prognosis. The revised ESPGHAN Porto criteria for IBD in children and adolescents
indicate that combined ASCA and xANCA testing may be performed in atypical cases
of IBD to differentiate between CD, UC, and unclassified colitis [100]. It follows
from this that a comprehensive definition of ASCA and xANCA allows increasing
the predictive value of both tests in the diagnosis of CD and UC, especially in cases
where the diagnosis cannot be established using traditional clinical and laboratory-
instrumental examination methods, and also serves as an informative marker for
carrying out differential diagnosis and predicting the characteristics of the clinical
course of IBD.
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The combined determination of ANCA and ASCA has been evaluated in several
studies and has been confirmed as a relevant diagnostic method in UC and CD.
Quinton et al. and Peeters et al. found that the combination of ANCA-positive and
ASCA-negative results provided 44-57% sensitivity but 97% specificity for UC,
while ANCA-negativity combined with ASCA positivity had 49-56% sensitivity
and 94-97% specificity for CD [99, 100]. In these studies, the combined use of both
tests reduced the DS by approximately 10% but increased the DS to more than 95%,
providing a very high predictive value for the diagnosis of UC or CD. A South Korean
study found that 49.4% of patients with CD, 61.9% of relatives of patients with CD,
and 41.7% of patients with Behcet’s disease were ASCA seropositive compared with
healthy controls (10%). Seropositivity for ANCA in patients with UC was observed
in 44.2% versus 0% of the control group. The combination of a positive ASCA test
and a negative ANCA result demonstrated a DR of 48.2% and a DS of -87% for CD,
and a combination of a positive ANCA test and a negative ASCA result was 36.4 and
97.6%, respectively, for UC. The authors concluded that both tests can be used in the
differential diagnosis of CD and UC, as well as IBD with other colitis accompanied by
diarrhea syndrome [99, 100].

A Polish study involving 71 patients with UC, 31 with CD 23 with NC, and 45
functional gastrointestinal disorders showed that the detection rate of ANCA was
significantly higher in patients with UC than in CD (68 and 29%, respectively). ASCAs
were detected significantly more often in CD (80.6%) than in UC (26.8%). The indica-
tors of PM, DS of positive predictive value (PPV), and negative predictive value (NPV)
of ANCA for the diagnosis of UC were 68, 84, 75 and 78%, respectively, ASCA for the
diagnosis of CD—81, 78, 45.5 and 95% respectively. The combined use of two mark-
ers made it possible to increase the diagnostic accuracy of the test: with a seropositive
ANCA result and a negative ASCA in the diagnosis of UC, the values of DC, DS, PCPR,
and PCOR were 42, 100, 100 and 43%, respectively, with a negative ANCA resultand a
positive ASCA in the diagnosis of CD—52, 98.6, 94 and 82%, respectively. Similar results
were demonstrated in an Italian study, which showed that ANCAs were detected in 20%
of patients with CD versus 50% of patients with UC (p < 0.05), while ASCA, on the
contrary, were observed in 61% of patients with CD versus 16% patients with UC. The
combination of a positive result according to ASCA and a negative result according to
ANCA allowed us to obtain such values of DP, DS, and PTPR as 45, 91 and 75%, respec-
tively, in the diagnosis of CD, and the combination of a positive result of ANCA and a
negative result of ASCA—44, 95 and 94% respectively in the diagnosis of UC [99, 100].

Thus, ASCA is fundamentally more often detected in patients with CD; on the
contrary, pANCA are strictly associated with UC. The limited sensitivity and high
specificity of the combined detection of ANCA and ASCA allows the use of these
markers in the differential diagnosis of UC and CD and also serves as an additional
laboratory examination in the primary diagnosis of IBD.

Whether ANCA and ASCA may be more informative in family and population-
based IBD screening needs to be confirmed in prospective studies. As the study of
these serological markers continues, it is possible that their use in clinical practice will
be more effective in individual long-term prognosis of CD and UC.

5. Diagnosis of celiac disease and lactase deficiency in ulcerative colitis

Celiac disease and ulcerative colitis (UC) are autoimmune intestinal diseases
associated with the involvement of tumor necrosis factor-o and interleukin-8 in the
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pathogenesis [101, 102]. In a study by E. Jandaghi et al., conducted on 406 patients
with IBD, the incidence of celiac disease in UC was 1:200, and the levels of serological
markers of celiac disease were 10 times higher than in the population [103]. In another
study in Italy, among 1711 patients with IBD, 9 (0.5%) patients were diagnosed with
celiac disease, established on the basis of serological tests and the results of a morpho-
logical study of biopsies of the small intestinal mucosa (SMB). Moreover, these were
more often patients with UC and less often—with Crohn’s disease [104]. According to
Krums et al. [105] of 37 patients with UC and Crohn’s disease, an increase in the titer
of antibodies to gliadin (AGA) was noted in 8 (21.6%): in 5 (13.5%)—AGA IgA and

in 3 (8.1%)—AGA IgG. None of them showed an increase in the level of antibodies to
tissue transglutaminase (AtTG). An increase in the level of AGA in patients with IBD
may indicate an immunological reaction to gluten and is explained by the increased
permeability of SOTC associated with the activity of the inflammatory process

[105, 106].

One study aimed to evaluate the risk of developing IBD in patients with celiac
disease and vice versa, compared with the general population [107]. The researchers
used a histological and general medical registry, which identified 48,551 patients with
celiac disease and 83,529 patients with IBD. Patients were matched to individuals from
the general population (n = 240,136 were matched to patients with celiac disease and
n = 408,195 patients were matched to patients with IBD). Among patients with celiac
disease, IBD was diagnosed in 1.6%; in the general population, IBD was diagnosed
in 0.4% of patients. Among patients with celiac disease, the risk of developing IBD
was almost four times higher (hazard ratio, 3.91 (95% CI 3.56—4.31). The risk of
developing Crohn’s disease was higher than the risk of developing ulcerative colitis.
The incidence of celiac disease was 0.8% among patients with IBD, compared with
0.1% in the general population. The risk of developing celiac disease among patients
with IBD was almost 5.5 times higher (hazard ratio, 5.49 [95% CI 4.90-6.16]). The
risk of developing celiac disease was higher in patients with ulcerative colitis (seven
times higher) than in Crohn’s disease (3.3 times higher risk). Typically, the interval
between diagnoses was <1 year. During a follow-up period of 20 years, celiac disease
was diagnosed in 1.3% of patients with IBD and 2.5% of patients with celiac disease.

To obtain the most complete diagnostic information, the determination of all
main serological markers of the disease is used. The study is used to diagnose the
disease in case of its mild or atypical course, and can also be used for the purpose
of differential diagnosis of celiac disease with other autoimmune diseases of the
gastrointestinal tract.

Composition of the study: antibodies to endomysium, IgA; antibodies to tissue
transglutaminase, IgG; antibodies to tissue transglutaminase, IgA; total immunoglob-
ulin A (IgA) in serum; antibodies to deaminated gliadin peptides, IgA; antibodies to
deaminated gliadin peptides, IgG. To detect autoantibodies in celiac disease, two main
methods are used: indirect immunofluorescence reaction (IRIF) and enzyme-linked
immunosorbent assay (ELISA).

Using RNIF, autoantibodies to gliadin are detected. They interact with one of the
main components of gluten (gliadin). These tests are quite sensitive, but not very
specific. Thus, antibodies to gliadin can be detected not only in celiac disease but also
in autoimmune hepatitis, systemic lupus erythematosus, rheumatoid arthritis, and
other autoimmune diseases.

Using ELISA, autoantibodies to endomysium and tissue transglutaminase can
be detected. Antibodies to endomysium are autoantibodies that interact with the
connective tissue sheath of the muscle fiber (endomysium). Antibodies to tissue
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transglutaminase interact with the enzyme involved in the biochemical transforma-
tions of gliadin. These studies are characterized by very high sensitivity and specific-
ity. Thus, antibodies to tissue transglutaminase, IgA, are considered the best clinical
and laboratory marker of celiac disease.

Total IgA antibodies are an important factor in the local protection of mucous
membranes. They bind to microorganisms and prevent their penetration from
external surfaces deep into tissues, enhancing the phagocytosis of antigens by activat-
ing complement along the alternative pathway. IgA deficiency is often associated with
autoimmune pathologies—enteropathies accompanied by protein loss.

A comprehensive study of the entire spectrum of autoimmune antibodies allows
us to obtain the most complete information about the patient. A complete serological
test is performed to diagnose celiac disease in patients with symptoms of this disease.
With celiac disease, the following symptoms may be observed: chronic diarrhea or
constipation, weight loss, iron deficiency anemia, unmotivated fatigue, and others
(identical for UC and CD). It should be noted that now the atypical and erased form
of celiac disease is more often observed. For this reason, a complete laboratory exami-
nation is also carried out on all patients at risk for this disease, regardless of whether
they have symptoms of the disease or not. The risk group for celiac disease includes
patients with the following diseases: type 1 diabetes mellitus, isolated deficiency
of immunoglobulin IgA, autoimmune thyroid diseases, Down syndrome, Turner
syndrome, Williams syndrome, autoimmune liver diseases, as well as first-degree
relatives of patients with celiac disease.

Positive result (antibodies to deaminated gliadin peptides): celiac disease; rheu-
matoid arthritis; systemic lupus erythematosus; sarcoidosis; Sjégren’s syndrome;
IgA nephropathy; autoimmune hepatitis; primary biliary cirrhosis; irritable bowel
syndrome.

A positive result (endomysium antibodies, tissue transglutaminase antibodies):
celiac disease.

A negative result (for all antibody variants): absence of celiac disease; disease
control on the background of a gluten-free diet.

A negative result (antibodies to endomysium, IgA, antibodies to gliadin, IgA,
antibodies to tissue transglutaminase, IgA): isolated (selective) deficiency of immu-
noglobulins of the IgA class.

What can influence the result? Prescribing a gluten-free diet before taking blood
for testing may lead to a false negative result [108, 109].

Lactase deficiency is a condition associated with decreased activity of the lactase
enzyme. Lactase is produced by cells of the small intestine - enterocytes. Its function
is to break down lactose (milk sugar) entering the intestines into glucose and galac-
tose. Lactose is the only carbohydrate in breast milk and the first sugar that enters
the newborn’s body. In addition to breast milk, lactose is found in animal milk and
dairy products. When there is a deficiency of the lactase enzyme in the body, a clinical
syndrome develops, characterizing the inability to digest and absorb lactose - this
condition is called “lactose intolerance.” The incidence of lactase deficiency varies
greatly by population. If among the peoples of northwestern Europe, about 1-3% of
adults cannot digest lactose, then among the indigenous populations of Africa, Asia,
and Latin America their number is close to 90-100%.

There is primary lactase deficiency, in which intestinal cells (enterocytes) are not
changed, and secondary lactase deficiency, when a decrease in enzyme activity is
associated specifically with damage to enterocytes.
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5.1 Diagnosis of lactase deficiency

Typically, the diagnosis is made based on the presence of symptoms characteristic
of lactase deficiency and the patient’s positive response to treatment. However, for
an accurate diagnosis, a genetic test is performed to detect lactase deficiency. Lactase
deficiency is caused by decreased transcription of the LCT gene encoding the enzyme.
In close proximity to the LCT gene is the MCM6 gene, which influences the expres-
sion pattern of the lactase gene. It has been proven that the replacement of cytosine
(C) with thymine (T) in the 13th intron of the MCM6 gene increases the expression of
the lactase gene. Carriers of the main allele C are characterized by a decrease in lactase
levels in adulthood, that is, lactase deficiency. Carriers of the minor T allele, on the
contrary, can digest lactose, and this ability is not lost over time.

Information about the genotype based on the C (—13,910) T marker of the MSM6
gene will help the doctor choose the right low-lactose or no-lactose diet for adult
patients, prevent digestive disorders in children, and assess the risk of developing
osteoporosis in women during menopause.

Interpretation of MCMS6 results (C(—13,910)T).

C/C is a genotype associated with lactose intolerance in adults.

C/Tis a genotype associated with good lactose tolerance in adults.

T/T is a genotype associated with good lactose tolerance in adults.

The results of the study should be interpreted by a doctor in conjunction with
other genetic, anamnestic, clinical, and laboratory data on IBD.

6. Determination of the interleukin series in ulcerative colitis

According to modern views, the development of ulcerative colitis (UC) is based
on genetically determined disturbances in the interaction of receptors of the innate
immune system and the molecular structures of microorganisms (PAMPs, pathogen-
associated molecular patterns), loss of immunological tolerance in relation to autolo-
gous microflora, pathogenic activation of the innate and adaptive immune systems,
accompanied by hyperproduction of various inflammatory factors, including the
system of proinflammatory cytokines [110-112]. Traditionally, the immunopatho-
genesis of UC is associated with dysregulation of Th2 cell and NKT cell populations.
However, the accumulation of data on new proinflammatory cell populations (Th17)
and cytokines (IL-17, IL-33), the duality of functions of individual cytokines (TGF-
B), overestimation of the anti-inflammatory and underestimation of the proinflam-
matory functions of other cytokines lead to a revision of some positions, including
substantiate the role of Thl (IFN-y) cells and Th17 (IL-17) cells and associated
proinflammatory cytokines (TNF-« - tumor necrosis factor-o, IL-1p, IL-6, IL-17) in
immunopathogenesis not only Crohn’s disease, but also UC [113, 114].

The presented data show that IL-8, as well as the following IL-1p, IL-6, and TNF-«
in terms of production, constitute the main cytokine profile of the operated colon
with pronounced inflammatory activity in combination with a severe clinical course
associated with resistance to drug therapy. IL-1f is produced mainly by cells of the
innate immune system (monocytes, macrophages, etc.) and, according to the results
of many studies, is a pluripotent proinflammatory cytokine [115]. It causes activa-
tion and degranulation of granulocytes and macrophages with the release of oxygen
radicals, nitric oxide, prostaglandins, leukotrienes, proteases, and other factors of
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inflammation and destruction. The spread and intensification of inflammation are
facilitated by the effects of IL-1f, associated with an increase in the permeability of
endothelial and epithelial cells, activation of cytotoxic T cells, as well as stimulation
of the secretion of chemotactic cytokines, including IL-8, which persists for a long
time at the site of inflammation, being the main highly selective chemoattractant of
neutrophils during IBD. Its level in colon tissue correlates with the number of neutro-
phils, the presence of which in the cellular infiltrate is a sign of active UC [115].

The cytokines IL-6 and especially TNF-a, which is the main target of anti-
cytokine therapy, also have high proinflammatory activity. IL-6 regulates the acute
phase of inflammation by stimulating the production of acute-phase proteins and the
recycling of macrophages, monocytes, and lymphocytes through the activation of
chemokines and adhesion molecules [116].

TNF-q, like IL-1B, enhances the proinflammatory functions of neutrophils and
macrophages; among its many effects, activation of Th1 cells and stimulation of IL-8
secretion are also highlighted. An increase in the content of IFN-y in colon biopsies
is associated with the activation of Thl and NK cells and is realized in increased
intracellular lysis of pathogens in macrophages, differentiation of Th1 cells, and
activation of B cells [116, 117]. The presence of IL-17 in biopsies reflects the function
of Th17 cells, which are involved in the pathogenesis of many inflammatory diseases,
including experimental colitis. According to the results of most studies, an increase
in the number of Thl and Th17 cells and the level of their corresponding IFN-y and
IL-17 is associated with the pathogenesis of CD [117, 118]. Therefore, an increase in
the concentration of these cytokines in the colon of patients with UC indicates the
presence of common cross-talk mechanisms with CD. At the same time, the absence
of IL-4 and IL-5 cytokines in biopsy specimens does not confirm the pathogenic role
of Th2 cells at the final (destructive) stage of uncontrolled inflammation [119].

7. The role of eosinophilic inflammation and features of its laboratory
diagnosis in ulcerative colitis

Data on the role of eosinophils in the formation and progression of fibrotic
changes, as well as the development and maintenance of inflammatory processes in
patients with UC and CD, are limited. Eosinophils have been recognized as important
players in immune cell infiltration in IBD, including eosinophilic infiltration into the
lamina propria, as reflected in the Geboes histological index for UC [120, 121]. One of
the predictors of lack of therapeutic response is the presence of eosinophilic infiltra-
tion in the lamina propria in biopsies of the mucous membrane in patients with UC
[122]. The high content of mediators in eosinophil granules involved in inflammation
and/or fibrosis makes these cells particularly interesting in the context of fibrosteno-
sis in IBD and in the search for new “targets” for treatment [123].

7.1 Eosinophil cationic protein (ECP)

Degranulation of eosinophils releases eosinophil-specific ECP, also known as
ribonuclease-3, which is a protein with a molecular weight of 18-22 kDa. ECP has
the ability to damage cell membranes by forming pores in transmembrane channels
through which toxic molecules can enter the cell. Eosinophils contain large amounts
of ECP, which is released upon degranulation, and therefore de novo synthesis is not
required during degranulation [120].
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Patients with active UC and CD had increased serum EPC levels compared with
healthy controls or patients with IBD in remission [124, 125].

7.2 Eosinophil peroxidase (EPO)

Toxic cationic EPO produces hypohalous, bromous, and hypochlorous acids by
utilizing hydrogen peroxide, halide ions, and bromide through the formation of these
acids. EPO can cause cell damage [126]. Biopsies from the colon mucosa of patients
with CD and perfusion fluids from the colon of patients with UC show increased
levels of EPO at the time of relapse [127].

7.3 Eosinophil-derived neurotoxin (EDN)

Contrary to its name, EDN is not neurotoxic to the human body (neuropathologi-
cal reactions were detected in a mouse model) [127]. Amcoff K. and his co-authors
reported increased levels of EDN protein in the feces of patients with UC not only at
the time of relapse but also 3 months before relapse. Therefore, fecal EDN has been
proposed as a biomarker or predictor of relapse [128, 129]. Thus, EDN may serve as a
diagnostic tool or biomarker for gastrointestinal inflammation. Whether this protein
additionally contributes to direct inflammation or fibrosis is still a matter of debate.

7.4 Eosinophil basic protein (MBP)

MBP, proteoglycan 2 (PRG2), is encoded by the PRG2 gene and is represented by
MBP1 (can be found in eosinophils, basophils, and mast cells) and MBP2 (present
only in eosinophils). Due to its cationic nature, this protein can disrupt the perme-
ability and functioning of cell membranes. It is believed that MBP, due to its toxicity,
directly increases the permeability of the epithelial layer [130].

8. Possibilities for personalizing laboratory diagnostics of ulcerative
colitis

The diagnosis of IBD is established based on generally accepted criteria in accor-
dance with the recommendations of the European Crohn’s and Colitis Organization,
the American gastro-associations, the World gastro-association, etc., based in general
on old and new/modified indices, including isolated endoscopic indices, combined
indices taking into account the general condition of the patient, endoscopic, clinical
and laboratory parameters. Unfortunately, in most cases, for a full assessment within
such indices, a time period is sometimes required for the full compliance of aspects of
the assessment within one or another index.

At the same time, laboratory diagnostics, based mainly on taking into account only
two parameters (CRP and calprotectin), in our opinion, need to be expanded and
modernized.

With all this in mind, we made an attempt to create a system for assessing the
patient’s condition on the basis of other laboratory studies.

The aim of the study: To create a monitoring system for the condition of patients
with IBD.

Materials and methods: In the period from August 2015 to June 2022, 388 patients
with a diagnosis of IBD. The diagnosis was established on the basis of generally
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accepted criteria in accordance with the recommendations of the European Crohn’s
and Colitis Organization. The severity of the clinical course of the disease is assessed
in accordance with the Truelove-Witts Index and Mayo in the case of UC and Crohn’s
Disease Activity Index and Harvey-Bradshaw index in CD. The study did not include
patients with severe cardiac and nephrological pathology, as well as those who under-
went surgery within the last 6 months or are in the stage of clinical and endoscopic
remission. Thus, the study included 250 patients; of these, 112 (44.8%) had CD and
138 (55.2%) UC. The age of patients was from 18 to 60 years (39.4 + 4.6), by gender:
129 (51.6%) women and 121 (48.4%) men. The duration of the disease before contact-
ing a specialist doctor was 1.1-8.3 years (3.7 + 1.2), and patients were under dynamic
observation from 6 to 48 months (18.4 + 7.2). In addition to the general clinical
examination, the following laboratory markers were obligatory determined: highly
sensitive C-reactive protein (h/s-CRP), homocysteine, vitamin D, platelet level, ECP,
o-TNF, IL-1B, IL-2, IL-4, IL-6, IL-8, IL-10, IL-18 in blood, calprotectin, lactoferrin
and TM-2-pyruvate kinase (TM2-P) in feces, albumin level (micro- and macro)

in urine. Patients, if necessary, underwent repeated studies (680 cases in total). In
the statistical processing of the results obtained, the generally accepted methods of
descriptive statistics were used with the calculation of the arithmetic mean values of
the trait (M), standard deviation (c), and mean error (m). Student’s coefficient t was
used when comparing quantitative values in groups; the error probability (p) was
determined. To establish the relationship between the indicators, the Pearson correla-
tion coefficient ® was calculated.

Results of the study and their discussion: Separate analysis of the detection of each
of these indicators in the UC and CD groups did not reveal any difference (p > 0.05).
There was also no difference when analyzing the results by gender (p > 0.05).

We carried out computer processing of the obtained data in order to find a
possible relationship between the indicators of endothelial dysfunction and the
condition of patients, determined in accordance with the recommendations.

The severity of changes in the studied indicators of endothelial dysfunction was
assessed as a percentage of the permissible value of the norm (with an increase in
the indicator, its excess of the upper limit of the norm, and a decrease compared
to the lower limit, with a reduced content). The results obtained are presented in
Table 2.

Laboratory indicator/ Norm  Idegree (mild) I degree III degree (severe)
severity (medium-severe)
h/s CRP N 13N 15N >1,5N
Homocysteine N 1,3N 15N >1,5N
Platelets N LIN 12N >1,2N
Vitamin D N 0,7N 04N <04N
Eosinophilic cationic protein N 1,IN 1,2N >1,2 N
Fecal calprotectin N 2N 3N >3N
Albumin in urine N — Micro- Macro-
Points 0 1 2 3
Table 2.

Correlation of some indicators of endothelial dysfunction, inflammation, and the severity of the clinical course in
patients with inflammatory bowel disease.
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As aresult, it was found that if there is a severity of endothelial dysfunction,
estimated from 4 to 6 points, patients with IBD have a mild, from 6 to 9 points—
medium, and if there is more than nine points—a high degree of severity of the
clinical course of the disease. Clinical and endoscopic remission corresponded to
three points or less. The degree of correlation was 0.863.

Separately, the correlations of some fecal markers and the severity of the clinical
course in patients with IBD were studied, and the results are presented in Table 3 as
an index for calculating the activity of the disease.

Interpretation: O points—no severity (clinical and endoscopic remission)

From 0.1 to 3 points—mild severity.

From 3 to 6 points—moderate severity

From 6 to 9 points—severe degree

Above 9 points—very high degree of activity

The possible correlation of some laboratory parameters was also studied (in
patients with a tendency to strictures (stenoses) and concomitant infectious processes
(latent tuberculosis, herpes viruses), the results are presented in Table 4 as a new
calculation index.

Laboratory indicator/ Norm Idegree I degree III degree IV degree (super
severity (mild) (moderate) (severe) severe)
Fecal calprotectin N Less2 N From2to3 N From3to5N More 5N
Fecal lactoferrin N Less2 N From2to3N From3to4 N More 4 N
Fecal N Less1.5N From15t025N  From2.5to5N More 5N
TM2-pyruvatikine

Points 0 1 2 3

Table 3.
Correlation of some fecal indicators and the severity of the clinical course in patients with inflammatory bowel
diseases.

Laboratory indicator/ Norm Idegree Il degree III degree IV degree (super
severity (mild) (moderate) (severe) severe)
h/s CRP N 15N 2N 3N 4N
Eosinophilic cationic N 12N 15N 2N 3N
protein

Vitamin D N 07N 05N 03N 02N
IL-8 N 12N 14N 16N 18N
IL-18 N 12N 14N 16N 18N
Fecal calprotectin N Less2 N From2to3N From3to5N More 5N
Fecal lactoferrin N Less2 N From2to3 N From3to4 N More 4 N
Fecal N Less15N From15t025N From25to5N More 5N
TM2-pyruvatikine

Points 0 1 2 3

Table 4.
Correlation of some indicators and the severity of the clinical course in patients with inflammatory bowel diseases,
noted in patients with a concomitant infectious process and the presence of strictures.
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Interpretation: O points—no severity (clinical and endoscopic remission)

From 0.1 to 3 points—mild severity.

From 3 to 6 points—moderate severity

From 6 to 9 points—severe degree

Above 9 points—very high degree of activity.

With the help of machine learning artificial intelligence, threshold values were
derived for some indicators that predict relapse in patients with IBD, here are some of
them: an increase in h/s CRP above 1.2 mg/L, homocysteine higher than 7.4 pmol/L,
platelets above 328,000/ mm?, a decrease in the level of vitamin D below 45.6 ng/mL,
an increase in the level of fecal calprotectin above 88 pg/g and albumin in the urine
above 6 mg/L.

We have selected the most accessible, both in practical (availability/availability in
the laboratory network) and in economic terms, studies of indicators of endothelial
dysfunction and immuno-allergic changes. These indicators were: homocysteine,
platelets, highly sensitive CRP, ECP, and vitamin D in the blood, fecal calprotectin,
lactoferrin, and TM2-P, as well as microalbumin in the urine [87, 131].

Our results allow us to conclude that the severity of some indicators of endothelial
dysfunction, as well as immuno-allergic changes, directly correlates with the severity
of the patient’s condition.

The expanded laboratory diagnostics of UC that we have proposed allows, with
the diagnosis established, not to resort to repeated expensive studies and to obtain
real-time results that enable a personalized assessment of the severity of the patient’s
condition. This allows creating an individual system for monitoring the patient’s
condition, making timely decisions about the need for additional studies, and adjust-
ing therapy, which is especially important in outpatient practice.

9. Conclusion

As presented above, ulcerative colitis is a chronic relapsing disease characterized
not only by serious intestinal complications but also by a large number of extraint-
estinal complications. Questions of “no answer” to the therapy being carried out are
in most cases hidden in the depths of laboratory diagnostics. So, for example, for
this group of patients, in matters of hormonal resistance or hormonal dependence,
it is necessary to study the laboratory parameters of the steroid-adrenal panel. One
can cite many “crisis” scenarios with the only hope for the “light at the end of the
tunnel,” which includes laboratory diagnostics with its growing capabilities in the
modern world. Approaching the issue of laboratory diagnosis of this pathology based
on the determination of a small number of studies (as stated above, mainly CRP,
fecal calprotectin) is currently incorrect. It is necessary to maintain a personalized
approach in the laboratory diagnosis of ulcerative colitis, which will help in the early
identification of many aggravating factors in the future treatment of this pathology.
As they say, “if you are forewarned, you are already forearmed.”
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Abstract

The global incidence and age-standardized prevalence rate of ulcerative colitis
(UC) is increasing worldwide. It is a debilitating and lifelong inflammatory disease
affecting both pediatric and adult patients. Thus, it is important to focus on modern
treat-to-target approach, based on a tight control of the disease with close monitoring
through interval assessments and modification of the treatment. Endoscopy remains
the key method for UC assessment, but recent guidelines focus on implementation
of non-invasive methods for UC diagnosis and management such as biomarkers
(C-reactive protein, fecal calprotectin, and fecal lactofferin) and imaging methods
(intestinal ultrasound). We summarize the diagnostic performance of non-invasive
tests and present current evidence-based non-invasive strategy recommendations for
UC monitoring.

Keywords: ulcerative colitis, non-invasive monitoring, biomarkers, CRP, fecal
calprotectin, fecal lactoferrin, intestinal ultrasound

1. Introduction

Given the chronicity, relapsing-remitting course (with structural damage,
extraintestinal manifestations, bowel surgery, and colorectal dysplasia/neoplasia/
carcinogenesis), impact of the disease (symptom burden, negative impact on the
quality of life [QoL], fatigue, anxiety-depressive disorder [ADD], and disability), and
the treatment-related complications on the ulcerative colitis (UC) patients, it comes
as no surprise that contemporary management algorithms and consensus guidelines
are complex and ever-changing. Rapid advent and incorporation of widely available
novel diagnostic tools continues discussions on “best” new goals and targets based
on available data. For practicing inflammatory bowel disease (IBD) specialists, there
are practical and demanding realities in translating limitations of current one-size-
fits-all guidelines to real life and clinical practice. These clinicians are burdened with
the knowledge that, despite constant advances, gaining the optimal and satisfactory
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outcome is achievable in some (and certainly not most) UC patients. The traditional
goals of treating UC are physical and psychological symptoms resolution with
normalization of QoL and avoidance of restorative proctocolectomy [1]. This is chal-
lenged by the fact that major unmet needs such as sustained long-term steroid-free
remission, histologic-endoscopic mucosal remission, and bowel urgency remission
are the ones that are causally linked with improved long-term outcomes (such as
prevention of progression to “damage” or “carcinogenesis”). Therefore, regulatory
agencies incorporate objective outcomes, such as endoscopy and histology, with
co-primary endpoints of symptom assessment such as patient-reported outcomes
(PROs) in trial designs. Insurers covering the cost of UC diagnosis and management
follow that practice. But UC is lifelong disease with the need for frequent and longi-
tudinal serial assessment of disease activity with multiple objective tools. A “treat-
to-target” (T2T) strategy based on serial measurements of activity and severity of
disease and response to treatment with close monitoring of intestinal inflammation
are the recommended contemporary approaches to UC [2]. Frequent endoscopic
assessment is considered “gold standard” for UC disease monitoring and manage-
ment by multiple international guidelines [3-5]. Although proactive endoscopic
assessment of bowel inflammation is associated with improved long-term outcomes,
there are multiple differences in its utilization [6]. Given the invasive nature and
high cost of frequent and repeated endoscopies needed to monitor UC, search for
non-invasive diagnostic alternatives is warranted. In the first systematic review (10
studies evaluating 1846 participants) of patient perceptions of monitoring tools in
IBD, adult IBD patients preferred non-invasive investigations (such as fecal calpro-
tectin [FC] and intestinal ultrasound [IUS]) [7]. Recent evidence-based American
Gastroenterological Association (AGA) guidelines propose non-invasive biomarkers
as a first-line strategy for monitoring UC patients which can inform treatment deci-
sions and avoid unnecessary routine endoscopic assessment of disease [8].

2. Non-invasive methods for diagnosis and management of UC patients
2.1 Clinical activity indices/scoring systems

Interval symptom-based monitoring strategy is still valid and often used, espe-
cially in the group of asymptomatic UC patients who place high value on avoiding
biomarkers collecting and/or testing [8]. The potential benefit of symptom-based
monitoring is the ease of collecting PROs; potential disadvantages are higher risk of
developing disease complications (risk of relapse, structural damage, and dysplasia).
This does not suggest that symptom resolution is unimportant; it is an elementary
but insufficient long-term treatment target. Various clinical activity and scoring
systems are still used as a means of evaluating the severity of UC. Truelove-Witts
Score consists of six variables (number of stools, fever, tachycardia, hemoglobin level,
erythrocyte sedimentation rate [ESR]/C-reactive protein [CRP], and weight loss/
gain) and has been the basis of severity index scoring in UC, although with several
limitations (unclear definitions of improvement and/or worsening, focus on disease
activity during a single moment) [9]. Since Trulove and Witts study, multiple scores
have been developed to describe disease severity. Mayo Score is most widely used
scoring system in clinical trials as well as in routine practice [10]. It consists of four
components: stool frequency (SF), rectal bleeding (RB), findings of endoscopy,
and physician’s global assessment (ranging 0-12; three points for each component).
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There are several disadvantages of Mayo score. It incorporates endoscopic assessment
with all the burden that invasive tests place on UC patients. Some of its endoscopic
variables have been reported to have significant interobserver variability (namely
mucosal friability). And clearly, there is the subjectivity of the physical global assess-
ment. Lewis et al. have validated a non-invasive 9-point partial Mayo score (excluding
endoscopy) and a 6-point partial Mayo score (composed of SF and RB) in a 12-week
RCT; they also performed the full Mayo score (sensitivity and specificity over 80%)
to identify the patient perceived clinical response [11]. Sanborne et al. have proposed
and used a modified Mayo score (which excludes the subjectivity of the physical
global assessment) in OCTAVE (induction 1 and 2; sustain) studies; it was consistent
with the previously reported data using the original Mayo Score [12]. One of the
outcome endpoints in LUCENT-1 and LUCENT-2 was symptomatic remission defined
by SF = 0 or SF = 1 with >1-point decreased in modified Mayo score from baseline;
RB =0 [13].

Three main domains and preliminary set of criteria were proposed by Peyrin-
Biroulet et al. relevant to the evaluation and classification of disease severity in IBD:
impact of the disease on the patient (clinical symptoms, quality of life, fatigue, and
disability), measurable disease burden (CRP, mucosal lesions, upper gastrointestinal
involvement, and disease extent), and disease course (including structural damage,
history/extension of intestinal resection, perianal disease, number of flares, and
extraintestinal manifestations) [14].

With advanced therapeutics available for UC treatment, treatment targets beyond
endoscopic improvement have emerged such as improvement of bowel urgency (BU).
BU, the sudden need to have a bowel movement, is a frequent and bothersome core
symptom of UC, experienced by up to 80% of patients, even in the absence of objec-
tive markers of active inflammation [15, 16]. BU is associated with a negative impact
on patient’s QoL [17]. Many UC patients consider controlling BU more important
than SF or RB. Historically, BU was not used as an endpoint in clinical trials; if
included it was reported only as binary (yes vs. no). The Urgency Numeric Rating
Scale (NRS) was evaluated and validated in multicenter RCT with study sample of
1162 participants with moderate to severe UC; it is considered well-defined, content-
valid, and reliable measurement of BU in adults with UC [18]. It can even document
patient interpretation with modified recall periods (with 7-day or 3-day recall
period) [19]. In LUCENT-1 and LUCENT-2 phase 3 studies, BU clinical meaningful
improvement (>3-point improvement from baseline) or BU remission (achieving a
post-baseline score of 0 or 1) assessed by an 11-point urgency NRS (0 no urgency to
10 worst possible urgency) was associated with an improvement in QoL outcomes and
PRO measures at week 12 which were sustained through week 52 [20].

2.2 Initiatives/guidelines

An initiative by the International Organization for the Study of IBD called STRIDE
(Selecting Therapeutic Targets in Inflammatory Bowel Disease) in its 2021 update
(STRIDE-II) added (using Delphi-like process and systematic literature review)
clinical response (decrease of at least 50% in SF and RB) and then clinical remission
(SF = 0 and RB = 0; or partial Mayo Score < 3 and no score > 1) with CRP normaliza-
tion as minimal obligatory short-term (immediate) to medium-term (intermediate)
treatment target [2]. Normalization of FC (to 100-250 mcg/g) was defined as another
formal medium-term treatment target. Clinical remission in addition with objective
improvement in non-invasive measures on inflammation must be shown.
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ECCO-ESGAR guideline for diagnostic assessment in IBD defines the ideal moni-
toring test as non-invasive, simple to conduct, and easily interpretable [3]. CRP, FC,
and IUS all have moderate to good responsiveness to changes in condition and high
practicality, widely are available and well tolerated. Therefore, they could detect an
imminent disease flare (often undetectable by symptom-based monitoring alone) and
make provision for proactive treatment optimization.

AGA clinical practice guideline on the role of biomarkers for the management of
UC suggests the use of non-invasive biomarkers (serum CRP, FC, and fecal lactoferrin
[FL]) as an accurate, cheaper, and convenient first-line strategy (in combination with
symptom-based monitoring) for monitoring UC patients in clinical remission as well
as those with current symptoms [8]. For example, in asymptomatic patients without
objective signs of active inflammation (FC <150 pg/g, normal FL, and/or normal
CRP), routine endoscopic assessment of disease can be avoided. In patients with UC
with moderate to severe symptoms, and objective signs of active ongoing inflamma-
tion (FC >150 pg/g, elevated FL, or elevated CRP), routine endoscopic assessment of
disease to inform treatment decisions can also be avoided.

2.3 Serum markers

Currently, available serologic markers can be categorized into two primary groups:
blood inflammatory biomarkers and IBD-related antibodies, some of which have
prognostic, diagnostic, or even potential therapeutic significance.

2.3.1 C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR)

Before the introduction of CRP into everyday clinical practice, ESR and thrombo-
cytosis were used as a main inflammatory parameter. Notably, nowadays still in use,
the Truelove and Witts Severity Index for UC includes ESR as one of its parameters [9].

CRP is an acute-phase reactant protein synthesized by the liver in response to
interleukin-6 (IL-6) [21]. Although it has low specificity (many other conditions
can cause increase such as infective gastroenteritis, ischemic colitis, appendicitis
etc.), it is widely accepted as a reliable marker of inflammation in UC. Its short
half-life of 16-24 hours makes it particularly responsive to changes in disease
activity. Although CRP levels at diagnosis are related to the extent of the disease,

a certain proportion of patients with mild forms of the disease have normal CRP
levels [22, 23]. A CRP level of >12 mg/L predicts severe UC with 95% sensitivity
and an 85% positive predictive value when used in place of ESR in the Truelove and
Witts Severity Index for UC [23].

According to the literature, CRP levels tend to be higher in Crohn’s disease (CD)
compared to UC [24, 25]. However, the absolute concentration of CRP is not useful
for differentiating between IBD types [22]. Anti-inflammatory or immunosuppres-
sive drugs do not affect CRP production directly. Therefore, changes in CRP concen-
trations during treatment reflect the drug’s effect on the underlying inflammation.
Despite this, neither CRP nor ESR can be used as predictors of relapse in quiescent
UC [26]. Conversely, CRP levels after the induction of biologic therapy may predict
the long-term response to treatment [27, 28].

ESR is cheap and widely available test that measures the distance erythrocytes fall
in 1 hour in a vertical column of non-coagulated blood under the influence of gravity
[29]. Compared to CRP, ESR peaks more slowly, declines at a slower rate, and exhibits
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smaller changes in magnitude [22]. Compared to CRP, it has a slightly lower sensitiv-
ity [22] and lower correlation with endoscopic findings [30], but it remains a valuable
parameter for disease diagnosis and monitoring.

2.3.2 Oncostatin M (OSM)

Oncostatin M (OSM), a cytokine within the interleukin-6 (IL-6) family, has
attracted considerable attention for its role in UC, particularly regarding its impact on
disease severity and treatment response.

OSM is produced in inflamed intestinal tissues and is linked to the pathogenesis
of IBD. Its OSM receptor-f (OSMR) is expressed in nonhematopoietic, nonepithe-
lial intestinal stromal cells, which respond to OSM by producing various proin-
flammatory molecules [31]. Elevated OSM levels have been observed in patients
with active disease and correlate with histopathological severity and inflammation
markers such as CRP and FC [31, 32]. Moreover, high levels of OSM before treat-
ment are indicative of a poor response to anti-tumor necrosis factor (anti-TNF)
therapies. According to Guo et al., patients with UC who have elevated OSM levels
prior to treatment are less likely to achieve clinical remission after 1 year of therapy
[33]. In a cross-sectional study by Verstockt et al., increased tissue and serum OSM
were detected in newly diagnosed IBD patients and unaffected first-degree rela-
tives of patients with IBD, while elevated colonic OSM and OSMR were associated
with refractory disease phenotype such as requirement of biologic therapy within
2 years after diagnosis and primary nonresponse to both anti-TNF and vedoli-
zumab therapy [34].

Due to its role in promoting intestinal inflammation and its link to treatment
resistance, OSM is being investigated as a potential therapeutic target [31, 32].

2.3.3 Anti-Saccharomyces cevevisiae antibodies (ASCA) and perinuclear anti-
neutrophil cytoplasmic antibodies (pANCA)

ASCAs are antibodies targeting the mannan heteropolymer found in the cell
wall of Saccharomyces cerevisiae. Various studies have confirmed that ASCA has low
sensitivity but high specificity for CD [35, 36]. It can be detected in patients with CD
in up to 60-70% and in only 4% of patients with UC [37].

PANCA are autoantibodies targeting perinuclear cytoplasmic antigens in neutro-
phils. pANCA are primarily associated with rheumatological conditions and vascu-
litis. In the context of IBD, ANCA positivity ranges from 2% to 28% in patients with
CD and 20-85% in patients with UC [36, 38].

In cases of indeterminate colitis, using a combination of antibodies can be more
effective for establishing a definitive diagnosis. Bossiut et al. demonstrated that the
combination of ASCA and p-ANCA is particularly useful in distinguishing CD from
UC due to their distinct antibody patterns. Specifically, patients with CD are generally
positive for ASCA and negative for p-ANCA, whereas patients with UC are positive
for p-ANCA and negative for ASCA [39]. Neither pANCA nor ASCA are effective
for monitoring disease activity. However, the presence of atypical p-ANCA has been
associated with resistance to treatment in left-sided UC and an increased likelihood of
early surgical intervention. Additionally, UC patients who are p-ANCA-positive and
ASCA-negative at the initial infliximab infusion tend to experience a suboptimal early
clinical response [22].
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2.3.4 Anti-chitobioside carbohydrate IgA antibodies (ACCA), antilaminarbioside
carbohydrate IgG antibodies (ALCA ), and anti mannobioside carbohydrate
IgG antibodies (AMCA)

Recent studies have focused on more anti-glycan antibodies in IBD, with ACCAs,
ALCAs, and AMCAs emerging as effective diagnostic biomarkers for these condi-
tions. Dotan et al. demonstrated that these biomarkers can effectively differentiate
CD from UC with a specificity exceeding 90% [40].

Although the exact predictive value of ACCAs, ALCAs, and AMCAs specifically
for treatment response in UC is still being studied, their presence could indicate
variations in disease behavior and may influence treatment strategies. The combina-
tion of these antibodies with traditional markers (like pANCA and ASCA) could
enhance diagnostic accuracy and help tailor therapeutic approaches for individual
patients.

2.4 Fecal markers

Fecal biomarkers offer simple, non-invasive, and specific testing with possibilities
of self-testing methods at home what is ideal for reducing number of unnecessary
hospital visits [41]. Recently implemented T2T approach highlighted importance
of biomarkers and their value in treatment optimization or treatment changes [42].
Several fecal biomarkers are discussed in detail in the following section.

2.4.1 Fecal calprotectin (FC)

FC is a calcium and zinc-binding protein found in neutrophils, monocytes, and
macrophages. Its presence in feces is a marker of neutrophil-driven inflammation,
making it particularly useful as a screening tool in detecting gastrointestinal inflam-
mation [43]. FC is the most studied fecal biomarker, first quantified in 1992 [44].
Measuring FC levels is a non-invasive, cost-effective way to screen for and monitor
intestinal inflammation, compared to more invasive procedures like endoscopy
[41, 45]. FC is a stable protein that can persist in stool sample on room temperature
for a week [45]. FC <50 pg/g (100 pg/g in children) is identified as a cut-off value
which could exclude organic inflammation from irritable bowel syndrome (IBS).
Significantly elevated FC levels (>250 pg/g) are detected in IBD. Moderately elevated
FC (100-250 pg/g) can occur in some other GI conditions such as IBS, colorectal
cancer (CRC), polyps, and celiac disease [46]. It is important to emphasize that
elevated levels should be interpreted in the context of clinical signs, symptoms, and
other diagnostic tests. It is generally used in the diagnosis and management of listed
GI conditions:

IBD: Elevated FC levels are a strong indicator of intestinal inflammation associ-
ated with CD and UC. It also serves as a prognostic marker in IBD. Elevated levels are
associated with active disease and can predict relapse in patients in remission (clinical
and endoscopic) [41, 47]. Regular FC monitoring enables the detection of subclinical
inflammation and early intervention before clinical symptoms worsen [48]. FC helps
distinguish between IBD and IBS where normal levels of FC are expected [49]. For
all those reasons, FC is included as a recommended monitoring fecal biomarker in
clinical practice guidelines for UC.

CRC: FC has been recognized as a potential biomarker in the context of CRC since
early 1990s [50]. There is a strong correlation between advanced CRC tumor stage,
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proximal tumor location and tumor type (mucinous), and elevated FC levels. Since
high FC levels are indicative of inflammation and can be high in many other condi-
tions, low specificity prevents it for being used for CRC screening [51, 52].

2.4.2 Fecal lactoferrin (FL)

FL is another investigated fecal biomarker of intestinal inflammation. It is an
iron-binding glycoprotein present in feces. Its main function is transporting iron Fe**
to blood stream. FL has bactericidal role since it limits iron availability. It influences
deregulated gut microbiota composition in IBD patients by eliminating harmful
bacteria and promoting beneficial bacterial growth [53]. FL is released by activated
neutrophils and phagocytic cells during inflammation [41]. Like FC, FL levels are
elevated in IBD. High LF levels suggest further evaluation for either IBD or infectious
diseases, while normal levels indicate that symptoms are more likely functional. FL
can help predict IBD recurrence and guide treatment adjustments [54]. It can be eas-
ily tested from liquid or solid samples with immunoassay tests. FL is stabile in room
temperature samples even longer than then FC (2 weeks). Commercial tests simplify
the use of LF as a biomarker and reduce the number of hospital visits. One precisely
defined cut-off value (7.25 pg/g) which is identical for all laboratories is an advantage
of FL testing [55].

An elevated FL level has been reported in the population of patients with CRC in
comparison with healthy controls, but FL cannot be recommended as a CRC diagnos-
tic tool. Persistent elevation of FL in IBD patients may indicate the development of
dysplasia or carcinoma and should be promptly evaluated [53].

2.4.3 Lipocalin 2

Lipocalin 2 (LCN2), also known as neutrophil gelatinase-associated lipocalin
(NGAL), or siderocalin, is a protein involved in immune responses, discovered in
1989. It has been recently shown to play a role in regulating intestinal inflammation.
It is released by macrophages and neutrophils during inflammation, but also from
colonic epithelial cells which made him interesting as a potential biomarker [56, 57].
Research indicate LCN2 has influence on gut microbiota and modulates the inflam-
mation, potentially contributing to the pathogenesis of IBD. It serves as a significant
biomarker especially for patients with active UC [56]. LCN2 correlates with clinical
and endoscopic disease activity. It has shown comparable sensitivity and specificity
to fecal FC [57]. While both UC and CRC can elevate lipocalin 2 levels, the degree
and pattern of elevation can differ. UC typically causes a more consistent and sig-
nificant rise in lipocalin 2 due to chronic inflammation. Expression level of LCN2
was significantly negatively correlated with UC disease duration and UC-associated
carcinogenesis in a study by Kou et al. [58]. Diagnostic performances of biomarkers
are summarized in Table 1.

2.5Imaging methods

2.5.1 Intestinal ultrasound (IUS) and other imaging methods in diagnosis and
management of ulcerative colitis

Standard imaging methods are usually second-line procedures in the context of
UC. Plain radiography and abdominal CT are usually performed in the emergency
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Specificity Sensitivity PPV NPV
CRP cut-off 1.2-7.3 mg/L for active disease [8] 77% 63%
CRP cut-off 12 mg/L for ASUC [23] 90.3% 95% 85% 92.8%
Fecal calprotectin cut-off 150 + 50 mcg/g [8] 69% 71%
Fecal lactoferin cut-off 7.25 mcg/g [8] 75% 83%
Oncostatin M cut-off 118.50 pg/mL for active disease [59] 54.2% 66.7%
PANCA for establishment of diagnose [60] 94.3% 53.7% 81.5% 81.4%
CDvs. UC [60]
ASCA+ 58.5% 66.2% 73.4% 50%
ASCA+/pANCA- 80.5% 50.7% 81.8% 51.5%
UCvs. CD [60]
PANCA+ 78.9% 53.7% 59.5% 74.7%
PANCA+/ASCA—- 94.4% 31.7% 76.5% 70.5%
ALCA in differentiating CD vs. UC [61] 92.3% 25.6% 90.3% 30.8%
AMCA in differentiating CD vs. UC [61] 93.1% 273% 91.7% 31.4%
ACCA in differentiating CD vs. UC [61] 93.1% 16.8% 871% 28.6%

Table 1.

Diagnostic performances of UC biomarkers.

setting to rule perforation or toxic megacolon but are of limited use in long-term
monitoring due to radiation exposure. MR enterography (MRE), although shown to
be accurate in assessing and monitoring UC, is rarely used in clinical practice due to
its long duration, expensiveness, reduced availability, and poor tolerability, as bowel
preparation and intravenous contrast agents are needed [62]. MRE is mostly used to
detect signs of small bowel involvement in indeterminate IBD.

IUS is an emerging method in the evaluation of the bowel. Recognizing the
invasive nature of endoscopy as the gold standard of UC diagnosis and monitoring,
non-invasive methods such as IUS show promise in reducing the need for invasive
procedures. Through the advancements in technology and increasing availability
of ultrasound machines this method is pushing into the frontlines of care for IBD
patients.

Bowel wall thickness (BWT) greater than 3 mm as measure with intestinal ultra-
sound is considered significant and can indicate an inflammatory process. A linear
mid-to-high frequency ultrasound probe is used to evaluate the entire length of the
bowel in greater detail, while a convex low-to-mid frequency probe is usually used to
evaluate deeper seated bowel loops and the rectum. The color doppler signal (CDS)
in the bowel wall can be graded semi-quantitatively from non-existent to a spot
like pattern, long stretches in the bowel wall, and long stretches extending into the
mesentery.

The fundamentals of an IUS examinations in the form of recommendations
and guidelines have been published by the European Federation of Societies for
Ultrasound in Medicine and Biology in 2018 [63].

Key topics to address on the role of IUS in UC are the ability to diagnose the dis-
ease, evaluation and scoring of severity and extent, monitoring treatment response,
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and detecting complications. Special scenarios such as pregnancy and severe acute
colitis are also discussed.

2.5.2 The role of IUS in diagnosing UC

The diagnosis of UC relies on endoscopy and clinical characteristics of the disease
and cannot be based solely on imaging findings. The hallmarks of UC on IUS are BWT
and the presence of CDS. The loss of bowel wall stratification as well as the presence
of inflammatory fat can indicate the severity of the inflammation.

A systemic review and meta-analysis determined the accuracy for evaluation of
individual colorectal segments in patients with IBD. The results showed that bowel
wall thickness >3 mm identified inflamed colonic segments with 86.4% pooled
sensitivity and 88.3% specificity. When used for the rectum, the same cut-off yielded
74.5% sensitivity and 69.5% specificity [64].

2.5.3 Monitoring UC using IUS

The TRUST&UC study was among the first to establish IUS as a monitoring tool in
UC. The study showed significant decrease of BWT in response to therapy starting at
the 2-week timepoint. Normalization of the BWT at 12 weeks (sigmoid colon 32.0%;
descending colon 37.6%) highly correlated with clinical response [65]. Further studies
have shown that IUS parameters at week 6 of initiating therapy predicted endoscopic
remission at 26 weeks [66].

2.5.4 1US scoring systems in UC

Several scoring systems have been developed for IUS use in UC. One of the most
used is the Milan ultrasound criteria (MUC), computed according to the following
mathematical formula: 1.4 x BWT (mm) + 2 x bowel wall flow (1 if present or 0 if
absent). The MUC > 6.2 discriminates active vs. inactive UC and has been validated in
independent studies [67].

2.5.5 IUS in special situations in patients with UC
2.5.5.1 Pregnancy

IUS is of special value in pregnancy where most of the colon can be visualized during
the first and second trimester. It helps with the diagnosis as well as visualizing the extent
of inflammation and can be used as a monitoring tool. The feasibility of IUS decreases
in the third trimester due to the limited visualization of the sigmoid colon. It remains
however a reproducible non-invasive method of obtaining information on the activity
and extent of the disease as well as response to treatment during pregnancy [68].

2.5.5.2 Severe acute UC

A severe flare-up of UC can be a life-threatening condition that is typically
treated with high-dose corticosteroids and/or anti-TNF. A recent study showed that
BWT measured 48 hours after intravenous corticosteroid initiation predicted risk of
colectomy. IUS can be used to early identify steroid non-responders and accelerate
escalation of therapy [69].
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2.6 Time frames for clinical, biochemical, and imaging assessments

The optimal non-invasive, patient-centered monitoring time interval for follow
up of UC patients is still under debate. In symptomatic UC patient with active disease
repeat clinical and biochemical (CRP, FC, and FL) assessment to determine response
to treatment can be reasonable alternative to endoscopy and should be performed
3-6 months after treatment initiation/adjustment (according to ECCO-ESGAR,
STRIDE-II, and AGA) [2, 3, 8]. In clinically asymptomatic patients with elevated
serum and/or stool markers of inflammation, AGA suggests endoscopic assessment
of disease activity, although repeat measurement of biomarkers in 3-6 months
interval can be a reasonable alternative. Also, in UC patients with mild symptoms
(slight increase in SF and/or infrequent RB) and normal biomarkers of inflammation
repeat measurement of biomarkers in 3-6 months may be a reasonable alternative
in patients who prefer to avoid endoscopic assessment or empiric treatment escala-
tion. In UC patients who have reached clinical and biochemical remission depending
upon duration of remission and current therapy, ECCO-ESGAR recommends clinical
and biochemical assessment in 3-6 months; on the other hand, in the group of UC
patients with symptomatic remission, AGA suggests monitoring strategy that com-
bines symptoms and biomarkers with interval biomarker monitoring that should be
performed every 6-12 months.

The use of IUS in combination with biomarkers to monitor disease activity seems
like a reasonable postulate. Point-of-care IUS offers an additional benefit for rapid,
early, replicable, and non-invasive assessment of a subset of patients with highly active/
difficult-to-treat/steroid refractory UC [69]. The International Bowel Ultrasound Group
suggests that, after baseline IUS, response to treatment initiation/escalation/change
should be evaluated with IUS at week 14 + 2, and between weeks 26 and 52, or IUS
should be repeated depending on clinical and/or biochemical suspicion of UC flare [70].
Kucharzik et al. even suggest early combined (PROs and repeated IUS) assessment of
treatment response 2-4 weeks after treatment initiation/escalation/change depending on
UC activity followed by monitoring strategy that combines PROs, FC, and IUS at month
3; PROs, FC, IUS and endoscopy at month 6; and PROs, FC and IUS at month 12 [71].
The proposed timetable for UC assessment in clinical practice is shown in Figure 1.

2.7 Cost-effectiveness of non-invasive monitoring

Cortesi et al. have assessed the cost-effectiveness of a T2T approach based on the
normalization of clinical signs and FC using a decision analytical Markov model
which included five treatment lines and was conducted from the Italian National
Health Service perspective using a 3-year time horizon [72]. Combination of symp-
tom- and biomarker-based T2T approach resulted in an increased time spent by a
mild-moderate UC patients in clinical remission and reduced incidence of UC relapse
but was associated with higher costs.

2.8 Open questions

BU should be considered as a third PRO in UC along with SF and RB and should be
included as a T2T treatment target in future guidelines.

Regulatory agencies have embraced recent shift toward evaluating PROs (as a co-
primary endpoint in clinical drug trials) because patients’ perceptions of their illness
and symptoms may differ significantly from those of the treating physician [73]. But
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Figure 1.
Potential timetable for UC assessment in clinical practice.

we all should be aware that PROs and clinical activity systems derived from them are
highly subjective with dubious correlation with inflammation and can be potentially
influenced by other causes (diet, anatomy, IBS, ADD, and microbiome).

When comparing diagnostic performance of biomarkers with endoscopy, we
should know that FC has high sensitivity and lower specificity in identifying mucosal
inflammation, and CRP has the opposite characteristics: it has higher specificity but
low sensitivity [74].

There is inter-individual heterogeneity in biomarker responsiveness. In population
with SNP polymorphisms in the CRP gene (prevalence of the non-wild type of status
is 10-15% in general population with an additional 30-35% having heterozygosity at
these loci), lower degree of CRP elevation is expected, and the performance of CRP as
a biomarker may be less reliable [75, 76].

Fecal biomarkers assays may not be interchangeable (inter- and intra-assay test
variability); the same assay should be used for a particular patient in longitudinal
observation.

There is still an open question about the accuracy of different FC cutoffs for ruling
out the endoscopically active disease. The guideline panel behind AGA guidelines
chose a FC cut-off (<150 pg/g) that is broadly applicable across a wide range of UC
clinical scenarios, rather than reporting multiple different cut-offs for different
scenarios [8].

There are limited studies on different cut-offs for LF; for now, positive (elevated)
or negative LF, corresponding to a cut-off of 7.25 pg/g is advocated [8].

It is advised to compare the serum and/or fecal biomarkers at the time of endo-
scopic evaluation to determine their correlation in an individual patient.

In a study by Barsky et al., 60% of IBD patients initially preferred fecal markers
over endoscopy; most study participants changed their choice to colonoscopy after
learning more about the accuracy of currently available fecal markers for disease
monitoring [77].

FC’s high cost, absence of widespread availability, and low patient adherence still
limits its use as a potential surrogate for endoscopy.
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Although there are some interesting data, biomarkers and IUS cannot replace
endoscopy for detection and surveillance of UC-associated carcinogenesis.

One of the most important knowledge gaps that needs to be addressed in translat-
ing guidelines to clinical practice is the lack of specific biomarkers to aid with predict-
ing individual patient response to specific therapies.

3. Conclusions

Non-invasive strategy for management of UC, that combines interval symptom-
and (serum and fecal) biomarker-based monitoring with new diagnostic modalities
such as IUS, is now recognized and established in new diagnostic algorithms that
guide treatment decisions. By placing emphasis on fast patient-centered evaluation,
areduction in the number of unnecessary invasive procedures such as endoscopy
can be easily accomplished. Relevant up-to-date guidance is available to practicing
IBD specialists; it is time to translate its full potential to real life. Cost-effectiveness
studies demonstrating which non-invasive diagnostic modality/monitoring strategy
is best are required. Further clinical trials and real-world clinical studies are needed to
convince insurers that covering non-invasive-based monitoring will improve patient
satisfaction and clinical outcomes.
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Chapter 3

Ditferential Diagnosis of Ulcerative
Colitis

César Enrique Garnica Camacho

Abstract

Nowadays, ulcerative colitis is a diagnostic challenge. It is characterized by
being a chronic inflammatory disease that manifests itself with abdominal pain,
diarrhea, and hematochezia, associated with an increase in inflammatory mark-
ers. In addition, progressive anemia and hypoalbuminemia are found in labora-
tory tests. The onset of symptoms can be sudden or gradual. Due to not having
specific manifestations, the approach can be difficult. Classically, Crohn’s disease
is a diagnosis that goes hand in hand with ulcerative colitis, however, there are a
wide number of diseases to rule out: Diseases of an infectious nature, malignancy,
or some even less thought of, such as collagenous colitis or medication-induced
colitis. In order to provide adequate treatment, we have to carry out an accurate
approach and exclude the main diagnoses.

Keywords: ulcerative colitis, inflammatory bowel disease, Crohn’s disease, colitis,
Shiga toxin, dysentery, amoebic

1. Introduction

Ulcerative colitis (UC) is part of the spectrum of inflammatory bowel disease,
including Crohn’s disease (CD).

It is characterized by a uniform inflammation of the colon mucosa, and is classi-
fied according to its distribution into proctitis, left colitis, and extensive colitis. This
degree of commitment is what gives us the clinical manifestations [1].

Classically, it manifests with abdominal pain, nausea, vomiting, fever, and bloody
diarrhea. This last manifestation is characteristic and can be used as a cardinal point
to approach the diagnosis. However, there are various inflammatory and infectious
disorders that can manifest in the same way, becoming a diagnostic and therapeutic
challenge [1, 2]. For this reason, we must perform a broad battery of clinical and
imaging studies to approach a more accurate diagnosis.

The purpose of this chapter is to describe in detail the differential diagnoses
of UC.
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2. Approach
2.1 History and clinical manifestations

When we examine a patient with abdominal pain, fever, and diarrhea, the range
of diagnostic possibilities is wide [1, 2]. When the number of stools is high and
the volume is low (fractioned stools), they contain pus and/or blood (dysentery),
we will consider that it is some type of colitis (Table 1). In most cases, the first
diagnostic possibility is colitis of infectious origin. The most common causal agents
are enteropathogenic bacteria, including Shigella, Salmonella, Campylobacter,
Escherichia coli, among others [3]. These agents regularly appear in both industrial-
ized and underdeveloped countries, and among travelers. Now, when the scenario
is different, such as the hospital setting (Clostridium difficile), or in an immuno-
compromised patient (tuberculosis, histoplasmosis, HIV), we will have to consider
other pathogens [3-5].

Colitis of infectious origin usually appears suddenly, after ingesting food that is
not well cooked, but with self-limitation of the condition with or without treatment
[4]. Regularly, the duration does not exceed 1-2 weeks of evolution [3, 4], being those
cases of longer duration, which will make us suspect infection by rare pathogens or,
even, conditions of non-infectious origin.

Relevant record such as the presence of diverticula, consumption of non-steroidal
anti-inflammatory drugs (mainly aspirin) [6], or other medications (laxatives,
immunomodulators, or chemotherapy) [7], cancer patients who received pelvic
radiation, as well as patients suffering from systemic diseases (vasculitis with colonic
condition: polyarteritis nodosa or systemic lupus erythematosus), they can bring us
closer to more specific conditions, helping us give specific treatment [1, 4].

Accompanying symptoms such as weight loss, rectal pain, tenesmus, perianal
vesicles, genital ulcers, condylomas, lymphadenopathy, erythema nodosum or reac-
tive arthritis will guide us to other less suspected diagnoses such as sexually transmit-
ted diseases or autoimmune diseases [1, 4, 5].

Among the various diseases that mimic UC, we cannot forget CD, which is also
part of the spectrum of inflammatory bowel disease. Both share manifestations such
as abdominal pain, fever, and diarrhea, but they may have different clinical charac-
teristics [1, 4, 5, 8]. Malabsorption confers anemia, bruising, night blindness, and
hypocalcemia with tetany [1, 8].

Gastrointestinal infections: Salmonella, Shigella, Campylobacter, strains of E. coli, Clostridium difficile, Entamoeba
histolytica, Aeromonas, Vibrio, Cytomegalovirus, Mycobacterium.

Crohn’s disease.

Drug-induced colitis: NSAIDs, laxatives, checkpoint inhibitor.

Ischemic colitis

Colovectal cancer

Radiation colitis

Sexually transmitted disease

Autoimmune disease: Behcet’s disease, vasculitis.

Table 1.
Differential diagnosis of ulcerative colitis.
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In CD, abdominal pain is limited to the right lower quadrant and around the navel,
unlike UC, which is located in the left hemiabdomen. Due to uniform rectal involve-
ment, rectal urgency and tenesmus are typical in UC [1, 8].

UC is a disease that affects the mucosa of the colon, presenting mainly as diarrhea
with blood (dysentery) in up to 95% of cases [1, 2, 4, 8, 9]. For this reason, we will
consider bloody diarrhea as a pivotal symptom. From this manifestation, the diagnos-
tic possibilities will be addressed.

Now, the next step will be to identify those patients who have bloody diarrhea with
acute onset (<14 days), from the cases that last longer [3, 4].

2.2 Stool cultures and markers

When a patient comes to our office with acute bloody diarrhea, the most impor-
tant diagnostic test is a stool culture to look for bacterial causes [3, 4, 9]. The problem
is that the result is not immediate and in 45-70% of these cases, it is not possible to
identify etiological agents. The precision of the culture decreases if the sample is
obtained after the first 3 days of the onset of symptoms [4].

In these cases, we will use other diagnostic resources, such as markers and/or
microbiology studies, including cultures and polymerase chain reaction (PCR) tests
on feces [3]. The most commonly used fecal markers are leukocytes, lactoferrin, or
measurement of calprotectin levels [1-3, 10].

Leukocytes in feces are an inflammation’s marker of the intestinal lumen, and
strongly suggest infections by Shigella, Salmonella, or inflammatory bowel disease.
When there is proctitis or diffuse colonic inflammation, the number of leukocytes
is usually high. On the other hand, when it is a focal inflammation, the number of
leukocytes is low or absent [2-4]. The drawback is false negatives that appear due to
problems in the transfer or handling of the sample and their consequent destruction.
To avoid this disadvantage, we can use fecal lactoferrin, a marker released by neutro-
philic granules in response to pathogens such as Escherichia coli, Salmonella, Shigella,
Streptococcus, including Entamoeba [2-4, 11].

Lactoferrin levels are directly proportional to the flow of neutrophils, so its levels
indicate how inflamed the intestinal lumen is and, therefore, a direct correlation has
been observed with the presence of fecal leukocytes [12]. For example, lactoferrin
levels >0.001 microgram/microliter correlate with >200 neutrophils/microliter, which
suggests that higher lactoferrin levels imply more fecal neutrophils, more intestinal
inflammation, and greater severity [12-16].

Lactoferrin is a marker of neutrophilic, but not lymphocytic, response. For this
reason, it does not usually increase when diarrhea is secondary to a viral infec-
tion. This was confirmed by Chen et al. where they reported lactoferrin levels
of 11.17 + 2.73 pg/g in patients with Salmonella diarrhea, 10.32 + 2.94 pg/g in
Campylobacter infections, 2.82 + 1.27 pg/g in rotavirus infections, and 3.16 + 1.18 pg/g
in norovirus patients [16].

The last marker that we will approach is Calprotectin, a protein released by the
neutrophil, measured in fecal samples by enzyme-linked immunosorbent assay (ELISA).
This biomarker is related to the degree of intestinal inflammation, but is not specific to
any disease [1, 3, 11]. There are a 100 causes of intestinal inflammation, so high levels of
calprotectin do not differentiate one from another. Enteropathogenic bacterial infections
cause variable elevation of calprotectin, as do cases of UC. In industrialized countries,
inflammatory bowel disease can be strongly suspected with calprotectin levels >60—

100 pg/mg. However, in countries with a high rate of infectious diarrhea (developing
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countries), even higher levels must be determined to truly suspect inflammatory bowel
disease (>200 pg/mg). What is a fact is that levels within the normal ranges of 10-50 pg/
mg (as in the case of irritable bowel syndrome) rule out these alterations [17]. Thus, low
levels of fecal calprotectin have <1% chance of having inflammatory bowel disease [1, 2].
Elevations of fecal leukocytes, lactoferrin, and calprotectin are related to colonic
inflammation, both of infectious (mainly bacterial) and non-infectious origin, so
we can infer that they are not useful to define a precise diagnosis [1-3, 18]. Without
underestimating its impact on the management of patients with bloody diarrhea,
calprotectin can be used to differentiate organic gastrointestinal disorders (UC,
colon cancer, celiac disease, infectious colitis) from merely functional causes, such
as irritable bowel syndrome [3, 17, 18]. On the other hand, if infectious causes are
suspected, then we may consider PCR study in stool.

2.3 Fecal PCR

In recent years, microbiology has progressed enormously. In the past, we
depended solely on the results of fecal culture, which, as mentioned above, have a low
yield [3, 4, 19]. Recently, technologies have appeared that have allowed us to more
quickly identify pathogens in a short time, and with greater precision. Such is the case
of PCR studies of single or multiple identification of pathogens [20].

Currently, there are different diagnostic kits that have expanded the number of
pathogens detected, especially with the use of multiplex polymerase chain reaction
techniques. One of them is FilmArray GI, which was released by the food and drug
administration (FDA) for clinical use, allowing the detection of 22 enteric pathogens
(Table2) [21, 22].

These novel techniques detect one or more pathogens with high sensitivity and
specificity (>98%) in an average time of 2 hours, unlike cultures that usually take
>48 hours. The detection rate can be higher than conventional methods, detecting
bacterial, parasitic, and viral agents [20-22].

2.4 Endoscopy

Endoscopic studies will be used when we see the need to directly observe the
intestinal mucosa, that is, in those cases where the first studies were not revealing, the
first treatment did not help resolve the condition, it is an atypical condition or with
alonger duration than expected. It is a diagnostic tool that will help us distinguish
between UC, CD, and other forms of colitis [1, 4, 5].

The involvement of the colorectal mucosa in UC and terminal ileum in CD is widely
known. Continued involvement, ulcerative lesions, erythema, and friability are typical
of UC, unlike CD, which is expressed with patchy aphthous ulcers [1, 4, 8, 23].

Up to one-third of patients with suspected UC and bloody diarrhea are due to infec-
tious colitis [24]. Infectious colitis is characterized by mucosa with patchy petechial hem-
orrhages, edema, and focal erythema [23]. However, this finding does not tell us which
pathogen is the culprit, nor whether it is a superinfection in the bed of an inflammatory
bowel disease. However, there are findings that bring us closer to infectious causes,
such as the preservation of the crypts, viral inclusions (suggestive of cytomegalovirus
or herpes simplex virus type II), presence of granulomas (tuberculosis, intracellular
Mycobacterium avium, syphilis, or Chlamydia trachomatis), or whitish plaques that bleed
upon removal (characteristic of Clostridium difficile colitis) [4, 23, 25].
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Microorganism

Bacteria Campylobacter (jejuni, coli, upsaliensis)

Clostridium difficile

Enteroaggregative Escherichia coli

Enteroinvasive Escherichia coli

Enteropathogen Escherichia coli

Enterotoxigenic Escherichia coli

Shiga toxin-producing Escherichia coli

Plesiomonas shigelloides

Salmonella

Shigella

Vibrio cholerae

Vibrio parahaemolyticus and Vibrio vulnificus

Yersinia enterocolitica

Virus Adenovirus

Astrovirus

Norovirus

Rotavirus A

Sapovirus

Parasites Cryptosporidium

Cyclospora cayetanensis

Entamoeba histolytica

Giardia lamblia

Table 2.
Multiplex PCR: FilmArray GI

Multiple drugs have been related to colitis symptoms, mainly non-steroidal anti-
inflammatory drugs [6]. Chronic consumption (>3 months) of non-steroidal anti-
inflammatory drugs can cause small intestine and colon lesions that can mimic both
CD and UC. In the United Kingdom, colitis due to Non-steroidal anti-inflammatory
drugs (NSAID) is more common than inflammatory bowel disease. These lesions
include erythema and edema, superficial or deep ulcerations, crypt distortion, patchy
colitis, and lymphoplasmacytic infiltrate [4, 6]. Finally, ischemic colitis, which
mainly occurs among elderly people with cardiovascular risk factors, has endoscopic
findings of focal lesions characterized by erythema and edema, compromising the
rectosigmoid junction or the splenic flexure. In both drug-induced and ischemic
colitis, the rectum is usually preserved [4, 7, 23].

3. Specific causes

To facilitate the approach to colitis, the most representative causes of colitis or
bloody diarrhea will be developed in detail, as part of the differential diagnosis of UC.
We will divide them into acute and chronic causes.
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3.1 Acute causes

The main causes of acute colitis are bacterial. We previously mentioned the
Escherichia coli, Salmonella, Shigella, and Campylobacter (ESSC) complex as the main
cause of acute bloody diarrhea, with up to 5 million cases being reported in the United
States [1-4, 26]. There are other important agents such as Entamoeba histolytica (this
germ tends to become chronic), Clostridium difficile (important in a hospital environ-
ment), and some others.

3.1.1 ESSC complex

E. coli has six strains of clinical relevance, with two strains mainly causing dysen-
tery (>80% of cases), abdominal pain, and fever. These two strains are Shiga toxin-
producing E. coli and enteroinvasive E. coli [26, 27]. Enteroinvasive E. coli has been
identified as a cause of endemic dysentery in certain countries in South America and
Eastern Europe [3].

The clinical picture is usually self-limiting without the need for specific treat-
ment. In severe cases the clinical spectrum can behave like ischemic colitis (in
the elderly) or hemolytic uremic syndrome (in young people <15 years of age and
elderly). Diagnosis, in the case of Shiga toxin-producing E. coli (serotype O157:H7),
can be made with detection by fecal PCR [3, 4, 26, 27]. With new microbiology
methods, multiplex PCR in Fecal sampling will help us identify the causative strain
of E. coli [21, 22].

Salmonella usually affects the small intestine and, in a lower percentage, causes
colitis and dysentery, causing around 6% of cases in developing countries, changing
drastically to 65% in industrialized countries. This suggests underestimated numbers
in developing countries due to a lack of laboratory testing [26]. The clinical picture
varies from gastroenteritis with watery diarrhea, fever, and abdominal pain with
splenomegaly, to enterocolitis with bloody diarrhea, secondary to erosive lesions in
Peyer’s patches. Symptoms begin 8-48 hours after eating contaminated food, lasting
3-5 days in patients with gastroenteritis and up to 3 weeks in those with enterocolitis.
Endoscopic findings vary depending on the patient’s manifestations. In patients with
bloody diarrhea, colonoscopy demonstrates mucosal friability, ulcerations, aphthous
erosions, and deep fissures, with segmental involvement of the colon [28].

Shigellosis commonly results from ingestion of low doses of some strain of Shigella
(flexneri, sonnei, dysenteriae, boydii), through food or water, or through sexual con-
tact. The manifestations are fever, anorexia, and vomiting, with abdominal cramps,
tenesmus, and mucoid or bloody diarrhea appearing hours later. The usual clinical
course lasts no more than a week [4]. Severe cases, with more than 20 bowel move-
ments, dehydration, malnutrition, and persistent diarrhea, are observed in children
and immunocompromised patients [29].

Campylobacter as the cause of bloody diarrhea has a prevalence that ranges
between 18% and 42%. In many areas of the United States and some developing
countries, it is the leading cause of diarrhea [4, 26]. Gastrointestinal symptoms are
clinically indistinguishable from those caused by Salmonella and Shigella. Fever may
appear in 90% and bloody diarrhea in more than 50% of infections caused by this
pathogen. Symptoms are usually self-limiting without treatment, however, up to 20%
of cases can persist for 3 weeks. Those severe cases manifest as appendicitis or toxic
megacolon [30]. As it is a self-limiting disease, this pathogen is not usually searched
for, but when there is doubt (for example, cases lasting >1 week), stool culture
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is usually requested, even knowing its low effectiveness, which is why multiplex
PCR in feces is more useful. Campylobacter dysentery may require short courses of
antibiotics [4, 26].

3.1.2 Other important pathogens

When the usual microorganisms (ESSC complex) are ruled out in a patient with
bloody diarrhea, other pathogens such as Yersinia, Vibrio, and Clostridium difficile
become relevant.

Yersinia is a gram-negative bacterium that is acquired from the consumption of foods
derived from pork [5]. It is one of the main bacteria causing diarrhea in developing
countries, with variable numbers, ranging between 58% and 64%. It has a predilection
for children and young people [26]. It manifests itself as fever, watery, and sometimes
bloody diarrhea, lasting up to 3 weeks [4, 5]. Since it has a predilection for the cecum
and terminal ileum, the abdominal pain is in the right lower quadrant, behaving like
pseudoappendicitis in 40% of cases. Colonoscopy shows aphthous ulcers in the right
and left colon, and edema and ulcers are observed in the terminal ileum [4, 5, 26, 30].

The different strains of Vibrio, and mainly Vibrio parahaemolyticus, cause low-
grade fever, nausea, vomiting, nonspecific abdominal pain, and bloody diarrhea in
7% of some series. It usually lasts 3 days, although it can be prolonged in immuno-
compromised patients [3, 4, 26, 28].

The pathogens mentioned may have a self-limiting course; however, when the
symptoms are severe or last longer than usual, we will rely on colonoscopic studies
with histopathology to determine if it is an alternative diagnosis, such as UC.

3.1.3 Clostridium difficile

In hospital settings or in people living in a nursing home, the main cause of
bloody diarrhea is Clostridium difficile. Typically, these patients received antibiot-
ics, mainly broad-spectrum, as well as other agents such as antineoplastics or
immunosuppressants. It can manifest with fulminant colitis, colitis with or without
pseudomembranes. It manifests itself with bloody diarrhea (10%), fever, and systemic
inflammatory response after 1 week of receiving antibiotics [4, 5, 26]. Acute phase
reactants usually rise and the leukocyte count increases. The diagnosis is made through
the detection of Toxin A and B. Colonoscopy can demonstrate whitish-yellow pseu-
domembranes in the colon, and raised plaques on the mucosa, associated with patchy
or diffuse erythema. Rectum and distal colon are usually involved and 10% involve
proximal colon. In less severe cases, colonoscopy findings are absence of membranes,
with diffuse or patchy nonspecific colitis [28]. It is noteworthy that the presence
of Clostridium difficile can coexist with UC, being part of an exacerbation of this
disease [1, 2].

3.1.4 Ischemic colitis

Ischemic colitis usually appears when there is a low-flow scenario. It occurs when
colonic blood flow (mainly splenic flexure or rectosigmoid junction) is abruptly com-
promised. Ischemic colitis manifests quickly (within hours) as severe abdominal pain
and rectal bleeding. An abdominal CT scan will show us data suggestive of ischemia.
An endoscopic study will reveal erythema, edema, friability, superficial and deep
ulcers, and images suggestive of gangrene [4]. The single stripe sign (a single linear
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ulcer of at least 5 cm long on the axis of the left colon) is indicative of ischemic colitis.
The clinical course is limited, but occasionally it can become severe (acute mesenteric
ischemia), requiring emergency surgery [5].

3.2 Chronic causes

There are various etiologies of bloody diarrhea associated with fever and abdomi-
nal pain that may last longer than expected or be related to chronic diseases such as
cancer. Likewise, chronic consumption of certain medications can precipitate these
manifestations.

3.2.1 Infections

Infection caused by Aeromonas strains causes diarrhea, mainly in the tropics.
They usually behave with self-limited diarrhea and rarely cause bloody diarrhea.
These cases can last from more than 2 weeks to more than 3 months [3, 4]. These cases
with longer duration are the ones that will suggest alternative diagnoses such as UC.
Colonoscopy will be of great help in differentiating these conditions [31].

Amoebiasis is an infection caused by Entamoeba histolytica that has a high
prevalence throughout the world. It is most prevalent in developing countries (e.g.,
India, Africa, Central and South America). It can be asymptomatic, and cause liver
abscesses or colitis. Intestinal symptoms include abdominal pain, fever, and bloody
diarrhea (18-48%) after ingestion of contaminated water or food, as well as after
sexual contact between homosexual men [4, 26]. Diarrhea may be mild, but it tends
to be intermittent and chronic [4, 5]. The initial diagnostic study is with the identifi-
cation of trophozoites in feces (risk of false positives due to non-pathogenic species)
[4, 32]. Detection by PCR is more accurate. Because amoebiasis colitis can be chronic,
it can be confused with UC or CD [32, 33]. In these cases, if it cannot be identified
directly, or by PCR study, we will request endoscopy (inflammation and ulcerations
of the cecum and colon) with biopsy and histopathology [detection of trophozoites
by H-E staining (100%), mild alteration of crypt architecture (62.5%), without
abscess formation (100%)] to make the differential diagnosis [4, 5, 34].

Sexually transmitted diseases are great imitators. Sexual practices that include
anal contact tend to inoculate some of the most common pathogens such as Neisseria
gonorrhea, Chlamydia trachomatis, human immunodeficiency virus, Treponema
pallidum, among others. Regarding T. pallidum (syphilis), after an incubation
of up to 6 weeks, the genital ulcer will appear. In addition to the characteristic
genital ulcers, painful anal ulcers, tenesmus, fecal urgency, and fever may occur.
Manifestations such as abdominal pain, nausea, vomiting, and bloody diarrhea
cast doubt on the diagnosis of a simple venereal disease and may suggest UC. The
diagnosis will be made based on the suspected pathogen and the endoscopic findings
show ulcers, aphthous lesions, erosions, erythema with colorectal involvement, or
terminal ileus [4, 5].

3.2.2 Cancer
Colorectal cancer is a disease with diverse clinical manifestations. Abdominal

pain, rectal bleeding, iron deficiency anemia, and diarrhea are found in the broad
clinical spectrum. These four signs and symptoms are considered “red flags” since
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they usually appear at least 3 months prior to the diagnosis of colorectal cancer
[35, 36]. The family history of colorectal cancer, abdominal mass, and weight
loss will guide us in seeking the diagnosis. Other neoplasms such as lymphomas
or carcinoid tumor can be considered, although cases of bloody diarrhea are rare.
Generally, diarrhea is inflammatory (leukocytes, blood and/or pus in stool).
Given these findings, colonoscopy will show adenomatous polyps (14.4-37.5%),
tumors (8%), and ulcers (10.3%) [37].

On the other hand, those patients with some types of cancer, such as melanoma,
lung or kidney cancer, receive drugs known as checkpoint inhibitors, such as ipili-
mumab, nivolumab, or pembrolizumab. Although they have been shown to increase
survival, enterocolitis may appear in 21% of cases. This adverse effect requires drug
discontinuation, steroid treatment, and anti-TNF treatment, otherwise, there is
arisk of perforation and colectomy. The clinical findings resemble inflammatory
bowel disease (bloody diarrhea, abdominal pain, fever, vomiting), and endoscopic
findings show severe and diffuse damage, with erythema and ulcerations in 79% of
patients [5, 38].

Another treatment used for cancer (gastrointestinal, gynecological, urological)
is radiotherapy. Depending on the time and dose of radiation, enteritis or proctitis
may occur. Manifestations range from abdominal pain, constipation, incontinence,
tenesmus, and bloody diarrhea [4, 23]. These events can be acute (<45 days after
the last radiation therapy) or chronic (>45 days after radiation). These are usually
short-term events, but when they appear a long time after the last radiation session
(they can appear up to 30 years later) and without self-limiting symptoms, we would
have to consider alternative diagnoses. In these cases, colonoscopy would demonstrate
the involvement of the proximal rectum and distal sigmoid. The typical presentation
is fragility, granularity, and telangiectasias of the mucosa. In addition, there may be
stenosis [23, 39].

3.2.3 Drug-induced colitis

Drug-induced colitis can manifest as microscopic forms (collagenous and lym-
phocytic colitis) and macroscopic forms (colonic ischemia) [4, 6]. Microscopic
colitis manifests with watery diarrhea with normal colonoscopies. More related drugs
are proton pump inhibitors, serotonin reuptake inhibitors, and non-steroidal anti-
inflammatory drugs, mainly Asprin, with a 30-fold risk with more than 1 year of use
[6, 7]. Regarding induced macroscopic colitis due to drugs (non-steroidal anti-inflam-
matory drugs are the most common cause), it manifests with sudden abdominal pain
with or without bloody diarrhea. Endoscopy findings vary according to severity, from
edema, petechial hemorrhages, erythema, erosions, or ulcerations, in segments with
clear demarcation. Diaphragm-like stenosis is characteristic of macroscopic colitis
caused by non-steroidal anti-inflammatory drugs, which is not present in inflamma-
tory bowel disease [4, 6, 40].

3.3 Crohn’s disease

UC and CD are inflammatory bowel diseases. Understanding the clinical, serologi-
cal, and endoscopic characteristics is a fundamental part of the approach to colitis in
general. It will be important to detail each of these characteristics to provide the best
care for a patient with abdominal pain, fever, and bloody diarrhea.
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3.3.1 Manifestations and serology

Among the various diseases that mimic UC, there is CD, which is also part of the
spectrum of inflammatory bowel disease. UC is limited to the colon, while CD can
occur anywhere in the gastrointestinal tract (ileum and colon: 35%, colon: 32%, small
intestine 28%, gastroduodenal: 5%) [41].

Both share manifestations such as abdominal pain, fever, and diarrhea, however,
CD usually presents with perianal (fistulas) and anal canal lesions (stenosis, fissures,
ulcers), non-bloody and malabsorptive diarrhea [1, 4, 5, 8]. Malabsorption confers
anemia, bruising, night blindness, and hypocalcemia with tetany [8].

In CD, abdominal pain is limited to the right lower quadrant and around the navel,
unlike UC located in the left hemiabdomen. Finally, due to uniform rectal involve-
ment, rectal urgency and tenesmus are typical in UC [1, 8].

Extraintestinal manifestations can occur in both entities. Musculoskeletal, ocular,
and mucocutaneous are the most common. Ankylosing spondylitis and sacroiliitis
occur more frequently in CD, unlike primary biliary cholangitis and pyoderma
gangrenosum, which are more common in patients with UC [1, 41, 42].

In addition to the clinical differentiation of these diseases, we can rely on serologi-
cal markers. In addition to the clinical differentiation of these diseases, we can rely
on serological markers as Antibodies such as Anti-Saccharomyces cerevisiae (ASCA)
and perinuclear pattern antineutrophil cytoplasmic antibodies (pANCA). pANCA are
detected mainly in patients with UC (55% vs. 20%), and ASCA in patients with CD
(35-50% vs. 1%). These markers have low sensitivity, but can serve as adjuvants to
confirm any of the diagnoses [1, 25].

3.3.2 Endoscopy

The uniform involvement of the rectal and colonic mucosa in UC is widely known,
unlike CD, where there is focal and transmural involvement in any area of the gastro-
intestinal tract, with a certain predilection for the terminal ileum and right colon. UC
has the endoscopic and histopathological characteristics of erythema, loss of vascular
pattern, tissue friability, crypt distortion, and the formation of small ulcers in a linear
or circular arrangement [1, 23]. On the other hand, ulcers, Aphthous and longitudinal
lesions surrounded by healthy tissue, skipped lesions, luminal stenosis, perianal lesions,
and the cobblestone pattern are part of the presentation of CD (Table 3) [1, 4, 8, 25].

Characteristics Crohn’s disease Ulcerative colitis

Common site Terminal ileum Rectum

Bloody diarrhea No Yes

Complications Bowel strictures, obstruction Toxic megacolon

Lesion pattern Asymmetric, discontinuous, focal, and patch Continuous lesion

Ulceration depth Transmural Mucosa

Stricture Common Rare

Fistula Common No

Cobblestone Yes No

Microscopy Non-caseating granulomas Crypt abscess
Table 3.

Differential diagnosis between Crohn’s disease and ulcerative colitis [1, 23, 25].

70



Differential Diagnosis of Ulcerative Colitis
DOI: http://dx.doi.org/10.5772/intechopen.1008284

OMSET [52 W

e NG
Figure 1.

Differential diagnosis of ulcerative colitis: approach based on bloody diarrhea.

4, Conclusions

When faced with a patient with abdominal pain, fever, and bloody diarrhea
of recent onset, we are forced to suspect colitis due to community pathogens,
mainly related to the ESSC complex (E. coli, Salmonella, Shigella, Campylobacter).
Conventional stool cultures will help us confirm these options. If the result is nega-
tive, testing for Clostridium difficile or Entamoeba histolytica may be considered. If
we have multiple PCR, we can consider doing it from the first diagnostic approach.
Fecal markers such as leukocytes, lactoferrin, or calprotectin can reinforce the initial
diagnosis of inflammatory diarrhea, without bringing us closer to a specific diagnosis.

The greatest challenge lies in those patients who present longer, more severe clini-
cal symptoms, or in patients with a significant history of some type of immunocom-
promise or chronic intake of drugs, such as non-steroidal anti-inflammatory drugs.
In these cases, endoscopic studies associated with histopathology will be mandatory
(Figure1).
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Chapter 4

Use of 5-ASA in Ulcerative Colitis
in the Era of Biologics

Omer Sentiirk and Ugur Korkmaz

Abstract

In the era of biologic drugs, 5-aminosalicylic acid (5-ASA compounds) still con-
stitutes the most important step in the treatment of patients with mild-to-moderate
ulcerative colitis (UC). They can also be effective at high doses in moderately severe
patients who are not at high risk. However, the use of many drugs daily can make
it difficult for patients to comply with this group of drugs. Therefore, long-acting,
single-dose drugs in the form of the Multi Matrix System (MMX) can play a very
important role in treatment management. Although it is not comfortable for every
patient, topical 5-ASAs can be used effectively and safely, especially in cases with
proctitis and left colon involvement. Mesalazine preparations can also be used safely
during pregnancy. In general, the oral dose that provides remission should be the
dose selected for maintenance therapy. However, the dose can be reduced over time
in topical treatment. Although more robust evidence is needed, 5-ASA preparations
are also widely used in the prevention of colorectal cancer (CRC) in UC. 5-ASA drugs
have little systemic toxicity. Although safe and well tolerated, patients should still be
informed about rare but serious side effects, paradoxical worsening of symptoms at
the beginning of treatment, and the need for long-term monitoring of renal function.

Keywords: salazopyrin, sulfasalazine, 5-aminosalicylic acid, mesalazine, mesalamine

1. Introduction

Inflammatory bowel disease (IBD), which occurs as a result of chronic inflamma-
tion that cannot be controlled in the intestinal mucosa, manifests itself as two differ-
ent diseases. Unlike Crohn’s disease (CD), which can affect the entire digestive tract
from the mouth to the anus and shows full-thickness involvement of the intestinal
wall, UC is localized in the large intestine and manifests itself only with mucosa-
submucosa involvement and is more common than CD. Although both diseases have
common aspects, they show significant differences from pathophysiology to clinical
manifestation, from complications to treatment management. The incidence of IBD is
increasing with the change in environmental conditions, nutritional habits, and many
other factors [1].

New treatment agents (biological agents and small molecules) that emerge every
day offer new opportunities to physicians on the one hand, but on the other hand,
they bring with them concerns about their limited effects on the course of the disease,
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potential side effects, and safety. The fact that the desired and expected decrease in
surgical colectomy rates has not been demonstrated (at least in some studies) with the
introduction of these drugs still makes standard treatments more attractive. In other
words, these drugs have limited effects on the course of the disease [2].

The aim of treatment in the disease is to achieve and maintain remission and to
maintain quality of life by preventing possible disease-related complications (e.g.,
cancer, surgery). When deciding on treatment, not only the factors related to the
disease, but also the type of medication, dosage, possible side effects, and special
conditions of the patient (social status, age, comorbidities, pregnancy status, etc.)
should be taken into consideration. For example, steroid side effects may be more
important for a young woman or a patient with diabetes. Likewise, the potential
malignancy-enhancing effects of immunosuppressive drugs should be considered,
especially in young male patients. Similar considerations apply to biological agents.
Therefore, physicians should almost always make treatment decisions on a patient-by-
patient basis (individualized treatment) [3].

2. Salazopyrin

The discovery of salazopyrin (SASP) or sulfasalazine (sulfasalazine contains
5-aminosalicylic acid that is bound to sulfapyridine via a diazo base) in IBD has
created a revolutionary effect in the treatment of the disease. Because before SASP,
patients were given supportive treatments that were completely symptomatic (bed
rest, high protein diet, vitamin supplements, blood transfusion, opioids, and rectal
administration of some substances such as bismuth). Undoubtedly, since these treat-
ments had no effect on the disease, the prognosis of the disease was quite poor and
mortality was high [4].

The use of SASP, discovered by Nanna Svartz, in patients with UC was reported
in a study conducted in 1948 including 124 patients [5]. In this study, it was observed
that 80% of mild-moderate UC cases responded to SASP treatment, but almost all of
them relapsed when the drug was discontinued. The first double-blind randomized
controlled trial (RCT) on SASP was conducted by Baron and colleagues in 1962 [6].
Although SASP given as 4 g was found to be significantly superior to placebo in mild
UC cases, many side effects were observed. Subsequently, the same group introduced
maintenance therapy by reducing the dose to 2 g and extending the treatment period
to 1 year [7]. With this treatment (by extending the treatment period), it was noticed
that patients whose treatments had been previously discontinued and who had
relapsed in large part remained in remission. This finding was also confirmed in UC
patients in whom Dissanayake and Truelove used SASP for 5 years. In this placebo-
controlled study, 12% of the placebo group remained in remission, while this rate was
found to be 54% in the SASP group (p < 0.001). The study concluded for the first time
that SASP maintenance treatment of UC should be continued “indefinitely” unless
contraindicated due to side effects [8]. As a result, SASP has become the drug of
choice worldwide in the treatment of UC.

The prolonged response achieved by reducing the daily dose and prolonging the
duration of treatment, as well as increasing the likelihood of potential side effects of
the drug, has a serious impact on treatment adherence, prompting new searches for a
solution. First, in a placebo-controlled, double-blind study conducted in 1977, it was
shown that 5-ASA constitutes the therapeutically active part of sulfasalazine and that
sulfapyridine acts as a carrier that allows the release of 5-ASA only in the colon, where
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the diazo bond is cleaved by bacterial enzymes. Sulfapyridine was found to enter
the systemic circulation and was responsible for most of the adverse events associ-
ated with sulfasalazine [9]. This situation initiated the process of developing 5-ASA
preparations without sulfapyridine.

3. 5-Aminosalicylic acid

There are different forms of 5-ASA. After oral administration, most of the drug
is absorbed by the small intestine. The unabsorbed part is excreted in the feces
[10]. In order to increase the concentration of 5-ASA in the colonic lumen, different
pharmaceutical forms of 5-ASA have been derived, by either time-dependent and
pH-dependent or placing it in a matrix (Table 1) [11]. The time-dependent release
formulation contains microgranules coated with a semipermeable ethyl cellulose
membrane. This formulation slowly releases 5-ASA from the duodenum to the ileum
in a time-dependent manner, where it is then absorbed by the ileal and colonic
mucosa. Therefore, this formulation is used for both UC and CD. In contrast, the pH-
dependent release formulation states that 5-ASA is secreted when the threshold pH is
exceeded during gastrointestinal transit from the small intestine to the large intestine
(pH 6 or 7). When the target pH is reached (e.g., pH > 7), it begins to dissolve in the
terminal ileum and shows its effect mainly in the large intestine [12]. Multi-matrix
system (MMX) formulations include lipophilic and hydrophilic matrices with
Eudragit-S. These coatings release from the terminal ileum and colon at a pH greater
than 7, providing an advantage in terms of efficacy and tolerability [13].

5-ASA (mesalamine) is mainly used in IBD due to its anti-inflammatory effects.
Although it is not fully understood how it reduces inflammation to date, there are
many proposed mechanisms of action since many inflammatory pathways leading to
chronic intestinal inflammation have been identified in UC. It achieves its effects by
the inhibitory effect it creates on a number of pro-inflammatory substances secreted
by the mucosa (Figure 1) [14]. Its effect is mainly localized in the area of inflamma-
tion and this effect is mainly related to its mucosal concentration. Therefore, the aim
when administering this drug should be to ensure that the drug reaches the area of
inflammation. For this purpose, the drug can be administered directly into the distal
region of the rectum and colon via suppository, enema, or foam or orally with differ-
ent formulations that allow drug distribution into the colon. In fact, when adminis-
tered as free 5-ASA, the drug is rapidly absorbed and ineffective in the proximal small
intestine. Therefore, to achieve the best therapeutic results, it is important to ensure
topical availability of the drug on the inflamed mucosa rather than increasing the oral
dose [15].

3.15-ASA: Use in patients with mild-to-moderate severity

With the discovery of mesalazine and the demonstration of its effectiveness in
placebo-controlled studies, the “Mesalazine Era” began in UC. Because before mesala-
zine, SASP and steroids were drugs with a lot of side effects. Although new drugs that
have emerged in the last 10-15 years have reduced the use of mesalazine, it remains
the main component of treatment, especially in patients with mild-to-moderate UC.
However, the main problem for the physician here is the identification of patients
with “Ulcerative Colitis with Mild to Moderate Activity.” Because this expression,
which is used in all clinical studies demonstrating the effectiveness of mesalazine, has
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Formulation  General Usageform  Standard Place Releaseof =~ Pharmaceutical
name daily dose of drug the drug technology
release
Diazo-linked  Sulfasalazine  Tablet 2-4 g/day Colon Cleavage 5-ASA islinked to
(Azo-linked by sulfapyridine by
prodrugs) intestinal an azo bond
flora
Olsalazine Capsule 2-3 g/day Colon Cleavage Two 5-ASAs are
by linked by an azo
intestinal bond
flora
Balsalazide Tablet 2-6.75g/day  Colon Cleavage 5-ASA is linked to
by 4-aminobenzoyl-
intestinal b-alanine by an
flora azo bond
Multi-matrix ~ MMX Tablet 24-36g/ Terminal Enteric MMX is
system mesalamine day ileum, coated characterized by a
colon tablet, lipophilic matrix
pH>7 dispersed within
soluble a hydrophilic
structure
pH Mesalamine Tablet 24-48g/ Terminal Delayed; Mesalamine
dependent day ileum, pH>7 is coated with
(multiple colon Eudragit S resin
doses daily)
Mesalamine Tablet 24-48g/ Terminal Delayed; Coated with
day (single ileum, pH > 6-7 Mesalamine
daily dose) colon Eudragit L&S
resin or natural
effective
hydrophilic matrix
technology
Time Mesalamine Tablet, 2-4 g/day, From Controlled  Ethylcellulose-
dependent granule,and  canbegiven duodenum coated
sachet once a day to colon microgranules
Topical Mesalamine Enema, 250 mg-4g/  Distal Topical Enema, foam, and
foam, and day colon and suppository

suppository rectum

Table 1.
5-ASA formulations, release mechanisms, and usage doses. (MMX: Multi MatriX system,).

unfortunately not been standardized and the physician’s subjective assessment is also
included in this calculation [16]. In all studies, the mesalazine group was composed
of “Mild-Moderate Activity Ulcerative Colitis” patients, but completely different
indexes (with different evaluation criteria) were used in the selection of this group
of patients: Clinical Activity Index, Disease Activity Index, Endoscopic Index, Mayo
Clinic Endoscopic Subscale, Mayo Clinic Score, Mayo Endoscopic Score, Modified
Mayo Disease Activity Index, Patient Functional Assessment, Physician Global
Assessment, and Ulcerative Colitis Disease Activity Index.

In determining the appropriate treatment, many factors such as the patient’s
age, fertility status, additional diseases, and medications taken should be taken into
consideration before treatment, in addition to this subjective assessment. In order to

82



Use of 5-ASA in Ulcerative Colitis in the Era of Biologics
DOI: http://dx.doi.org/10.5772/intechopen.1007709

Permeability Miiric oxide Lcukui.i}lf.: .-\.f:wh'?duniu: Pmugt..'mdin I_u.'uhll!'l::l'h.' WE-¢B
synihase chemoaxis acid production production
. [ s > metnbalites w : r
hin % N NP
a o A ’ Inflamima-
nilammatory tory cell
eytokines (IL-18, / 5-ASA el e | B
TNF-alpha) __,_..ﬂ"’" N malecules
lodictida of Activation and Induction of
TR Expression of reactive axygen
c onie PPAR-gamma SCAVENEers
Figure 1.

5-ASA mechanism of action ( «: inhibitory effect, — stimulatory effect). (IL-1p: Interleukin-1 beta; TNF-alpha:
Tumor necrosis factor-alpha; NF-kB: Nuclear Factor kappa B; PPAR-gamma: Peroxisome proliferator-activated
receptor).

provide a source for this chapter, we will first explain the use of mesalazine in “Mild-
Moderate Activity UC” patients, and then its use in “Moderate Activity UC” patients,
which should actually be considered as a separate group. The treatment algorithm for
both groups is summarized in Figure 2.

Many studies have shown that both oral and topical forms of mesalazine are
effective in achieving and maintaining steroid-free remission. One of the first studies
on oral 5-ASA was conducted with Asacol®. In patients with mild-to-moderate UC,
4.8 g of Asacol per day was found to produce a higher response rate than placebo (24
vs. 5%). In the same study, 1.6 g of Asacol per day was found to have a similar effect to
placebo [15]. The small number of patients included in this study reduces the power
of the study. In a multicenter placebo-controlled study, it was suggested that a dose of
atleast 2.4 g/day was required to detect a clinically significant difference (p = 0.03)
[17]. According to data from randomized controlled trials, 5-ASA use for 6-8 weeks
resulted in 60-70% clinical response and 40-70% clinical remission, with similar
rates of endoscopic improvement (30-80%) over the same period. Higher doses
resulted in higher mucosal healing at week 6 (80 vs. 68%) [18, 19].

It has been shown in meta-analyses that remission is achieved at higher rates with
the continuation of treatment with 5-ASA in patients with remission [20]. In patients
who achieved remission with Asacol, the relapse rate in patients who continued treat-
ment was 42.4%, while this rate was 65% in the placebo group [17]. In a meta-analysis
of 38 studies including 8000 patients with UC in clinical and endoscopic remission,
41% of patients using 5-ASA experienced relapse, while this rate was found to be 58%
in the placebo group (relative risk, 0.69; 95% confidence interval [CI], 0.62-0.77)
[21]. In this meta-analysis, no difference was found between the different 5-ASA
formulations used in the studies in terms of the effectiveness in maintaining remis-
sion [21, 22]. On the other hand, a systematic review of 15 studies on mesalamine
and budesonide, a steroid, showed that 2.4 g mesalamine daily was as effective as
budesonide-MMX and was better tolerated [23].

Patient compliance is very important in rectal 5-ASA use. In particular, topical
mesalazine given alone should be prescribed after the patient has accepted it and has
sufficient confidence that it can be applied. Topical mesalazine treatment is superior
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Figure 2.
Algorithm for 5-ASA use in ulcerative colitis. (PSC: Primary sclerosing cholangitis).

to oral 5-ASA in ulcerative proctitis. However, combining topical and oral mesala-
zine is more effective than topical treatment alone [24] and may protect against

the proximal spread of mucosal inflammation in patients with ulcerative proctitis
[25]. According to Cochrane systematic reviews, rectal 5-ASA at a dose of 1 g/day is
recommended for induction of remission in patients with mild or moderate proctitis
to achieve symptomatic, endoscopic, histologic response and remission [26-28].
Suppositories are more suitable for proctitis because they target the rectum better and
are better tolerated, but mesalazine foam or enemas can also be used for this indica-
tion [29]. Once-daily topical therapy is as effective as divided doses [30]. Topical
5-ASA is more effective than topical steroids alone [31]. However, the combination of
topical mesalazine (2 g) and beclomethasone dipropionate (3 mg) has been shown
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to provide better clinical, endoscopic, and histologic improvement than either agent
alone [32]. Topical 5-ASA at a dose of 3 g/week may be sufficient for maintenance
treatment of proctitis.

In the treatment of mild-to-moderate left-sided or extensively involved UC, both
ECCO and AGA recommend oral mesalazine >2 g/day combined with at least 1 g/
day of aminosalicylate enemas [26, 27]. This combination strategy has been shown to
be more effective than oral 5-ASA alone or topical aminosalicylates alone [33]. There
was no difference between foam and liquid enemas in induction of remission [34] or
endoscopic healing [35]. Although the optimal duration of combination therapy is
uncertain, it has been suggested that daily application for 4 weeks reduces the likeli-
hood of relapse [36].

Topical 5-ASAs are the first choice for maintenance therapy in patients with
proctitis after remission induction. However, the frequency of rectal mesalazine
use in maintenance of proctitis can be reduced according to the patient’s clinical
complaints. Rectal mesalazine enemas are a good alternative in left-sided UC [37].
However, the combination of oral and rectal mesalazine has been found to be superior
to oral therapy alone or intermittent topical therapy, especially in patients at high risk
of relapse [38]. As will be discussed later, new 5-ASA granule formulations [39] and
formulations that provide higher levels of 5-ASA in the distal colon, such as MMX-
mesalazine [13], may be more effective in this indication.

3.2 Determining the effective dose in 5-ASA treatment

The most important problem facing physicians dealing with UC treatment is the
extremely low patient compliance with drug treatment (especially 5-ASA). This is
perhaps the most important obstacle to the success achieved with treatment. Patients
whose symptoms decrease and/or disappear with 5-ASA treatment either reduce the
drug dose, do not take the drug every day, or worse, stop taking the drug. However, a
study has unfortunately found that patients who do not comply with 5-ASA mainte-
nance treatment are five times more likely to relapse in the next 2 years compared to
patients who comply with the treatment [40]. Here, from the perspective of patients,
both frequency and daily 5-ASA intake constitute the main reasons for this incompat-
ibility. Therefore, in order to eliminate this problem, studies have begun to determine
the optimum dose of 5-ASA drugs and to develop formulations that provide less
frequent daily dosing and lower pill burden.

For mild UC, with fewer than four bowel movements per day, only intermittent
bleeding, and no signs of systemic toxicity (fever, tachycardia, anemia, normal eryth-
rocyte sedimentation rate), a starting oral dose of 2.4 g once daily has been found to
be as effective as higher doses. For moderate disease (4-6 bowel movements per day,
frequent hematochezia, and minimal signs of systemic toxicity), higher doses may
provide greater benefit. The 5-ASA dose should be kept high, especially in patients
who have previously received systemic corticosteroids. In severe UC (>6 bloody bowel
movements per day and significant systemic features), there is no role for 5-ASA [41].

The ASCEND studies in UC are a series of dose-finding studies for 5-ASA. The
ASCEND I study investigated oral delayed-release Eudragit S formulation (Asacol®)
in divided doses of 4.8 or 2.4 g daily for 6 weeks in patients with mild to moder-
ate UC [42]. The study found no significant difference in achieving overall clinical
improvement (i.e., remission or response) between 4.8 and 2.4 g/day of 5-ASA (56
and 51% of patients achieved this primary endpoint, respectively). However, this
study found that in the subgroup of patients with moderately active disease, higher
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therapeutic success was achieved with a higher dose of 5-ASA (72 vs. 57%, p < 0.05).
The ASCEND II study confirmed that a dose of 4.8 g/day achieved better results

than a dose of 2.4 g/day in patients with moderately active UC (72 vs. 59% overall
response) [43]. Subgroup analyses of patients with moderate-to-severe UC recruited
in the ASCEND III trial showed that a dose of 4.8 g/day was more effective than a dose
of 2.4 g/day in patients with a history of difficult-to-treat UC, especially in patients
who needed steroids or more than two drugs (steroids, oral 5-ASA, rectal 5-ASA, or
immunomodulators) to control their disease in the past [44].

Developed to improved patient compliance with treatment, MMX consists of
a lipophilic matrix dispersed in a hydrophilic matrix (double matrix) system. The
tablet core contains 5-ASA particles dispersed throughout the hydrophilic matrix
within the lipophilic matrix. It is then coated with a polymeric film that is resistant
to gastric acid (pH dependent) (allowing the coating to disintegrate at pH > 7.0).
This system is designed so that the drug begins to dissolve in the terminal ileum. In
a placebo-controlled study on the effect of MMX mesalamine taken once or twice
daily for remission induction in patients with mild-to-moderate UC, it was shown
that the MMX form was superior to placebo. The study compared MMX 4.8 g/day
orally once daily for 8 weeks with 2.4 g/day twice daily 5-ASA (1.2 g PO, given twice
daily). Clinical and endoscopic remission was significantly higher in the 5-ASA group
compared to placebo (clinical remission 34.1% and endoscopic remission 29.2% in the
treatment group and 12.9% in the placebo group, p < 0.01). However, there was no
significant difference in the responses between the two 5-ASA doses [45]. In a related
study, Kamm et al. compared two different doses of MMX 5-ASA given once daily
with 2.4 g/day of Eudragit S delayed-release 5-ASA (Asacol®) divided three times
daily in patients with mild-to-moderate UC [46]. The primary endpoint of the study,
clinical and endoscopic remission rates at 8 weeks were found to be significantly
higher in patients receiving MMX mesalamine given as 2.4 g/day once daily (40.5%;
p = 0.01) and in patients receiving MMX mesalamine given as 4.8 g/day once daily
(41.2%; p = 0.007), compared to placebo (22.1%).

Subsequently, Sandborn et al. reported analyses combining the patient popula-
tions from the above two phase III studies to more precisely estimate the efficacy of
MMX mesalazine compared to placebo [13]. In this study, data from a total of 517
patients were analyzed. Eight-week remission rates were 37.2 and 35.1% in the MMX
mesalazine 2.4 and 4.8 g/day groups compared with 17.5% in placebo (p < 0.001 for
both doses compared with placebo). Eight-week complete mucosal healing rates were
32% in both MMX mesalazine groups, compared to 16% in placebo. The incidence of
adverse events was similar in all groups. The conclusion was that MMX mesalazine is
effective in inducing clinical and endoscopic remission of active, mild-to-moderate
ulcerative colitis and is generally well tolerated.

Kamm et al. later reported two phase III studies of MMX in which patients who
failed to achieve remission at week 8 continued to receive 5-ASA 4.8 g/day for an
additional 8 weeks [47]. These patients were those who had received MMX 2.4 or
4.8 g/day, Asacol 2.4 g/day, or placebo in the main studies. Approximately 60% of
patients achieved remission after an additional 8 weeks of MMX 4.8 g/day, regardless
of previous therapy. Interestingly, 60% of patients who failed to achieve remission on
MMX 4.8 g/day initially achieved remission after an additional 8 weeks of treatment
with the same dose of MMX. These findings suggest that 5-ASA treatment can be con-
tinued for up to 16 weeks before therapeutic failure is declared. Although this result
suggests that essentially equivalent therapeutic success was observed in UC patients
after the first 8 weeks of treatment with 2.4 and 4.8 g/day 5-ASA, there may be a
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reasonable rationale for a step-up approach (i.e., initiating 4.8 g/day 5-ASA in patients
who have not achieved therapeutic success after 8 weeks on 2.4 g/day) in patients who
receive treatment at 2.4 g/day and do not achieve remission.

In the light of the MMX studies demonstrating the safety, efficacy, and practical
advantage of once-daily 5-ASA, other proprietary formulations have been tested.
Kruis et al. conducted an equivalence study comparing the once-daily dose of
Salofalk® granules (3.0 g/day) with the dose given divided into three daily doses
(1.0 g three times daily) in patients with mild-to-moderately active UC [48]. Clinical
remission was achieved in 79.1 and 75.7%, respectively, following 8 weeks of once-
daily dosing with 3.0 or 1 g three times daily. The only significant difference between
the groups was that more patients with proctosigmoiditis achieved remission in
the once-daily 5-ASA group. This suggests that the once-daily bolus dose may have
achieved higher peak intraluminal concentrations of the drug to better affect inflam-
mation in the distal colon.

Once-daily 5-ASA has been shown to be effective in inducing remission, its effi-
cacy in maintenance has been investigated. Sandborn et al. have shown that 1.6-2.4 g
of Asacol once daily is equivalent to twice-daily dosing in preventing UC relapse over
a 1-year observation period [49]. Studies of other products have also yielded similar
results. Oral ethylcellulose-coated 5-ASA (Pentasa®) has been shown to be statisti-
cally superior to the twice-daily 1.0 g format in maintaining clinical remission in UC
[50]. The long-term safety and tolerability of MMX 5-ASA at a dose of 2.4 g/day have
also been demonstrated [51]. The study also demonstrated that single- or divided-
dose MMX regimens were equally effective in maintaining clinical and endoscopic
remission in UC for 12 months. MMX 5-ASA at a dose of 2.4 g/day once daily was
found to be equivalent to Asacol at a dose of 2.4 g/day twice daily in maintaining
clinical remission and mucosal healing for 1 year in patients with left-sided UC [52].
All of the above studies support both the efficacy and safety of the various once-daily
dosage formulations of 5-ASA used in the treatment of UC. Clinical trials aside, the
new simplified convenient once-daily 5-ASA regimens are likely to be superior to the
older 5-ASA multi-dosages in actual clinical practice.

On the other hand, from a safety perspective, aminosalicylates have the best
safety profile of all medical therapies currently used in the treatment of IBD. Minor
but common side effects of 5-ASA include headache, nausea, indigestion, bloating,
and diarrhea. Rare but serious side effects include pleuritis, pericarditis, myocardi-
tis, pancreatitis, and cholestatic hepatitis. Mesalazine-induced nephritis and renal
dysfunction have also been described, and it is recommended that renal function be
monitored periodically in IBD patients receiving continuous oral 5-ASA maintenance
therapy [53]. Patients may experience worsening symptoms of colitis due to the
osmotic effects of the drug or, much less commonly, develop eosinophilic colitis with
peripheral eosinophilia, characterizing this phenomenon as a drug hypersensitivity
reaction.

3.35-ASA: Use in moderately severe patients

The majority of clinical evidence for mesalazine has focused on its use in the “Mild
to Moderate UC” spectrum, with Cochrane reviews [54, 55] and other meta-analyses
[56, 57] confirming its efficacy in both inducing (induction) and maintaining (main-
tenance) remission in patients with extensive, left-sided, or distal disease. However,
in both European and American guidelines, there is a second group of patients
defined according to disease activity in determining medical treatment of patients:
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“Moderate to Severe UC” [26, 27]. Unfortunately, “Moderate UC” cases in both
groups have remained an area of uncertainty and neglect, with the exception of a few
studies and one meta-analysis [43, 44, 46, 58].

The definition of moderate disease activity in UC varies in clinical practice and
in the medical literature, particularly between early 5-ASA studies and more recent
studies evaluating the use of biologics. Randomized controlled trials of 5-ASA com-
pounds [59] included patients with mild-to-moderate UC according to Truelove and
Witt’s criteria. These patients had: <5 bowel movements per day with no more than
a small amount of macroscopic blood in the stool, no fever (temperature < 37.8°C),
no tachycardia (<90/min), non-severe anemia (>10.5 g/dl), low erythrocyte sedi-
mentation rate (<30 mm per hour) [60]. On the other hand in the study showing the
efficacy of infliximab as induction and maintenance therapy in UC [61], the defini-
tion of “moderate” disease is different, as eligible patients were those with Mayo score
6-12 [62] and moderate-to-severe active disease at sigmoidoscopy (Mayo endoscopic
subscore >2) despite concomitant treatment with corticosteroids alone or in combi-
nation with thiopurines.

There is currently no formally validated or consensus definition for mild, mod-
erate, or severe UC, but there are three main areas that are important in assessing
disease severity in IBD: the impact of the disease on the patient, the burden of
disease, and the course of disease [63]. Recently, an expert consensus developed a
new index to define overall disease severity by selecting the most important charac-
teristics related to IBD. The disease severity index was generated by accounting for
18.1% of the disease severity being attributed to mucosal lesions, 14.0% to impact on
daily activities, 11.2% to C-reactive protein, and 10.1% to previous experience with
biologics [64]. The overall disease severity index was then constructed on a 100-point
scale by applying the average importance of each attribute to adjusted utilities. Once
validated, this disease severity index may provide a useful tool for consistent assess-
ment of overall disease severity in patients with UC.

In fact, at this point, 5-ASA treatment may not be given to all patients with moder-
ate UC, but to selected cases. In this context, if it can be determined which patients
and/or disease will have an aggressive course, both at the time of diagnosis and during
follow-up, treatment can be established accordingly. Proximal disease extension
(left-sided or diffuse colitis) at diagnosis (HR = 1.46, 95% CI = 1.01-2.10, p = 0.04)
and baseline hemoglobin level < 10.5 g/dl (HR = 0.43, 95% CI = 0.22-0.81, p = 0.01)
were found to be major predictive factors for clinical relapse after 5-ASA/sulfasalazine
treatment in patients with mild-to-moderate UC [65]. Two independent predictive
factors were identified for the time to relapse after initial oral corticosteroid treat-
ment. Male gender was an unfavorable risk factor (HR = 4, 95% CI = 1.46-11.5,

p = 0.03), while long disease duration was found to be a protective factor (HR = 0.98,
95% CI = 0.97-0.99, p = 0.03) [66]. A meta-analysis found that female patients

(OR = 0.78, 95% CI = 0.68-0.90) and smokers (OR = 0.55, 95% CI = 0.33-0.91) had
a lower risk of colectomy, whereas those with extensive disease (OR = 3.68, 95%

CI = 2.39-5.69), those receiving at least one course of corticosteroids (OR = 2.10,
95% CI = 1.05-4.22), and hospitalized patients (OR = 4.13, 95% CI = 3.23-5.27) had a
higher risk [67]. In addition to clinical factors, severe endoscopic activity (presence
of deep ulcers) and elevated inflammatory markers may also predict an aggressive
disease course [27]. On the other hand, concurrent infections (Cytomegalovirus or
Clostridium difficile) increase the risk of disease exacerbation and hospitalization,
while primary sclerosing cholangitis (PSC) has been shown to increase the risk of
proximal disease spread and CRC [68]. As a result, the “moderate” patient group of
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UC can probably be divided into two patient subgroups depending on the presence or
absence of these predictors of aggressive disease.

Before determining the treatment of patients, physicians should thoroughly
evaluate the findings regarding how the disease may progress and should avoid drugs
that have significant side effect potential, especially in repeated or long-term use. On
the other hand, this situation should not lead to inadequate treatment in those with
severe disease. Unnecessary immunosuppressive treatment should be avoided in a
patient whose disease can be managed with 5-ASA. Of course, it may not always be
possible to identify this patient group 100%. In addition, there may be no response to
the initial 5-ASA, in which case the 5-ASA dose can be increased first by making an
individual assessment. In the ASCEND I and II trials, increasing the dose of Asacol®
from 2.4 to 4.8 g/day (doubling) in patients with moderate UC led to a significant
improvement in clinical efficacy (defined by physician’s overall assessment) (58 vs.
72%, p = 0.04), with no increase in adverse events [42, 43]. Another study with a
different 5-ASA demonstrated the efficacy of high-dose mesalazine (4 vs. 2.25 g/day)
in both clinical healing and endoscopic healing. Significant differences were found
in all variables used in the UIC disease activity index (UDAI) (stool frequency, rectal
bleeding, mucosal appearance on endoscopy) in the high-dose group. In particular,
the improvement in mucosal appearance at endoscopy was significantly higher in
the high dose group [-0.5 (95% CI = —0.8 to —0.2)] compared to the standard dose
group [—0.1 (95% CI = —0.3to —0.1)] (p = 0.03). However, increasing the drug
dose did not make a difference in terms of drug reaction or adverse events [69].

This high-dose strategy has also been found to be cost-effective, with high-dose
mesalazine being both more effective and less costly than the standard dose [70]. It
has also been shown that the addition of topical 5-ASA to this group of patients, in
whom the dose of oral mesalazine was increased, reduced the number of relapses and
the need for steroids (p < 0.0001) [71]. In the study by Kamm et al. [46] comparing
MMX mesalazine 2.4 and 4.8 g/day in patients with moderately active UC (placebo-
controlled randomized double-blind double-blind, plus 3 equal doses of Asacol®
2.4 g/day in the reference arm), both doses produced higher clinical and endoscopic
remission than placebo at week 8 (40.5%; p < 0.01, 41.2%; f < 0.007 and 22.1%,
respectively). In fact, this study investigated the efficacy of once-daily mesalazine
MMX form (2.4 and 4.8 g) compared to 2.4 g/day mesalazine given three times daily.
The clinical and endoscopic remission rate in the reference arm was not different
from placebo (32.6%; p = 0.124).

The ASCEND II and III studies showed an advantage of using higher doses of
mesalazine [43, 44]. In patients with moderately active UC, Eudragit-S-coated
mesalazine 4.8 g/day had a higher treatment success rate than 2.4 g/day (ASCEND
I1: 71.8 vs. 59.2%, respectively, p = 0.036; ASCEND III: 70.2 vs. 65.5%, respectively,

p = 0.17). Although clinical and complete remission rates were higher for 4.8 g/dose,
significant differences were observed only in clinical remission. Clinically impor-
tantly, the duration of cessation of rectal bleeding was shorter in patients receiving
4.8 g/day compared to those receiving 2.4 g/day (9 vs. 16 days, respectively; p = 0.035)
[43]. The clinical significance of this is that if rectal bleeding does not stop within

10 days with high doses (>4 g) of mesalazine, the patient is likely to be a slow or
incomplete responder, and therefore, treatment should be reconsidered at that stage.
A recent network meta-analysis in patients with only moderately active UC used data
from Kamm et al. and the ASCEND II and III studies. The study reported that MMX
mesalazine 4.8 g/day combined with Eudragit-S-coated mesalazine 4.8 g/day had
overall similar efficacy in achieving clinical and endoscopic remission [58].

89



Unveiling Ulcerative Colitis — A Comprehensive Approach to Understanding and Management

Although limited, the available evidence suggests that mesalazine may be an effec-
tive and well-tolerated first-line treatment for patients with moderately active UC.
The use of mesalazine may be considered for the treatment of patients with moder-
ately active UC, especially those with newly diagnosed disease or relapse after a long
period of remission. To maximize the chance of success of treatment, an optimized
oral mesalazine dose of >4 g/day (+1 g/day rectal mesalazine for proctitis) should
be recommended. For patients who respond to this treatment, the IMPACT study
has shown that longer-term treatment with mesalazine 4 g/day for at least 6 months
significantly reduces the risk of relapse [72]. If a dose reduction is considered after
a prolonged period of remission, guidelines recommend continuing oral mesalazine
ata minimum of 2 g/day [27, 73]. For patients who do not respond to mesalazine
therapy, switching to more effective oral corticosteroids or other therapies should be
considered.

4. Use of 5-ASA in special circumstances
4.1 Pregnancy

As the diagnosis of IBD is often made during childbearing years, the management
of the disease in reproductive women requires special attention. The most important
point in pregnancy and IBD is that the patient who wishes to conceive has been in
remission (deep remission) for at least 6 months or more endoscopically [74]. In
pregnancies of patients with UC who are not in remission, not only the management
of their disease is difficult, but also the effects on the pregnancy/fetus may adversely
affect the process. Premature birth, low birth weight babies, miscarriages, and
stillbirths are more common in pregnant women with active disease [75, 76]. While
Crohn’s disease itself can negatively affect pregnancy, only total colectomy + ileal
pouch anastomosis in UC reduces pregnancy [77].

The disease state as well as drug therapies should be chosen carefully during preg-
nancy and all risks related to the disease and drugs should be shared with the patient.
Mesalamine is considered safe in pregnancy as no significant adverse effects on the
fetus have been observed in animal and human models [78]. A meta-analysis showed
that mesalamine use during pregnancy did not increase the rates of congenital mal-
formations, stillbirth, spontaneous abortion, preterm birth, or low birth weight and
that doses of more than 3 g per day were safe [79]. Among mesalamine preparations,
the FDA revised the pregnancy category of Asacol to C due to the inactive ingredient
dibutyl phthalate (DBP) it contains [80]. The reason for this is that DBP has antian-
drogenic effects on the fetus exposed during pregnancy and that it can cause urogeni-
tal defects in male babies [81]. However, these effects have not yet been demonstrated
in human models. Nevertheless, it is recommended that patients using Asacol switch
to another mesalamine at least 3 months before pregnancy and that disease control
should be provided before pregnancy [82]. If the patient becomes pregnant while
using Asacol, an individual approach should be developed. Another drug that should
be considered is Sulfasalazine. Pregnant women using Sulfasalazine should receive
2 g of folic acid supplementation daily [75]. Because sulfasalazine crosses the placenta
and can affect folate metabolism and cause neural tube defects. Sulfapyridine is found
in breast milk and can cause diarrhea in the newborn during breastfeeding [83]. This
problem disappears when the drug is stopped. Another point about sulfasalazine is
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its negative effects on men (expectant fathers) who use this drug. Sulfasalazine use
is associated with oligospermia, abnormal sperm morphology, and decreased sperm
motility. All of these effects disappear when the drug is stopped. These effects are
probably due to the sulfa moiety, and it is recommended to switch to a different drug
at least 4 months before planning a pregnancy [74].

4.2 Elderly patients

UC is increasing in all age groups, including early childhood and the elderly
population [84]. Elderly UC patients are defined as those >65 years of age [85].
Similar to symptoms in younger patients, elderly UC patients typically present
with abdominal pain, urgency, and bloody diarrhea. There is no significant differ-
ence in symptomatic severity between the two groups. However, older UC patients
are more likely to have UC with left-sided involvement (compared to isolated
proctitis and pancolitis) [86].

Compared to the younger population, the health status of elderly patients is more
fragile. Not only because of the additional chronic diseases they have and the drugs
used to manage them, but also because of the changes in drug metabolism with age
and the possible side effects of these drugs, care should be taken in their manage-
ment. On the one hand, the increased risk of infection and cancer development
associated with immunomodulators and biologics should be taken into account,
while on the other hand, complications related to the disease as a result of inadequate
treatment put gastroenterologists in a difficult position. Another aspect of the matter
is the lack of sufficient data on the course of the disease and the effect of treatment
in elderly patients. Therefore, the management of UC in elderly patients should be
individualized and preferably carried out by physicians experienced in this field or
shaped according to the opinion of these physicians [87].

In general, 5-ASAs are considered safe and effective in the treatment of mild-to-
moderate UC, but regular monitoring of renal function and side effects, including
interactions of 5-ASA with other drugs such as thiopurines, digoxin, warfarin, and
isoniazid, should be closely monitored in elderly patients [88].

In addition to oral mesalazine, topical medications can also be used to treat mild-
to-moderate UIC in the elderly, but it should be kept in mind that topical mesalazine
may increase the rate of fecal incontinence in elderly patients [89].

4.3 Prevention of colorectal cancer (chemoprevention)

The risk of developing CRC is increased in patients with ulcerative colitis. On the
one hand, developments in treatment, discovery of new effective drugs, and on the
other hand, more dynamic and closer follow-up of patients and the submission of
resistant cases to colectomy have reduced the development of cancer in these patients.
While it was previously thought that the development of cancer in colitis was six
times higher than in the general population [90], more recent data show that this is
2.4 times higher than average [91]. In a study analyzing population-based data on
the subject, it was revealed that the risk of CRC in IBD patients was around 1.3-1.6%
after 14-15 years [92]. In fact, the risk of CRC has increased at a similar rate not only
in patients with UC but also in CD with colonic involvement. The most important
approach to preventing this risk is endoscopic screening programs. Since our topic
mainly covers the effects of mesalamine, endoscopic screenings will not be discussed.
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For a cancer prevention (chemopreventive) approach to be widely used:
1. effective in preventing cancer,

2. easily applicable,

3.affordable,

4. safe and well tolerated,

5. minimal side effects [93].

Almost all of the evidence on the cancer prevention effect of 5-ASA, which meets
all the features except the first item above, has been obtained from retrospective
examinations of patients who used 5-ASA compliantly (mostly with UC), and unfor-
tunately, there is no randomized, placebo-controlled study on the subject.

A case-control study conducted by Eaden et al. on 102 patients found that the risk
of CRC was reduced by 75% in UC patients who received regular 5-ASA treatment
(OR 0.25, 95% CI: 0.13-0.48, p < 0.00001) [94]. A nested case-control analysis of
18,969 patients found that those who had received six or more 5-ASA prescriptions in
the previous 12 months had a lower risk of CRC [95]. In another case-control study,
Rubin et al. applied logistic regression analysis to their data and showed that daily
5-ASA doses of 1.2 g or more reduced the likelihood of developing colorectal cancer or
dysplasia by 72% and that the degree of protection was dose-related [96].

Velayos et al. published a meta-analysis of 9 studies including 1932 patients
examining the association between the use of aminosalicylates and the development
of CRC in patients with long-standing UC [97]. In this retrospective meta-analysis of
included studies, 5-ASA use was found to have a preventive effect for CRC, but did
not alter the risk of dysplasia.

Since retrospective studies and meta-analyses are limited, biased and have the
power to interpret data in the desired direction, they are far from objectively answer-
ing the cancer preventive effects of 5-ASA. Only prospective, randomized, placebo-
controlled studies can answer this question. However, due to the relative rarity of
CRC in UC and the long time it takes to develop, such large and long-term studies are
unlikely. Nevertheless, additional information on the chemoprophylactic effects of
5-ASA comes from numerous experimental studies with cell culture or animal models
of colon epithelial carcinogenesis, confirming that 5-ASA mechanistically inhibits
carcinogenesis [41].

Colon cancer in IBD patients is believed to arise differently from sporadic colon
cancer in patients without IBD [92, 93]. Unlike sporadic colon cancers that develop
in the setting of adenomatous polyps, cancer in IBD patients may develop from
nonpolypoid, dysplastic mucosal changes. Active colon inflammation predisposes to
dysplasia and is therefore considered a risk factor for colon cancer in patients with
IBD. It is therefore conceivable that controlling inflammation of the colon may reduce
this risk. At this point, it is conceivable that at least part of the chemopreventive effect
of 5-ASA agents is due to their anti-inflammatory effect.

Indeed, these agents are structurally similar to aspirin, an anti-inflammatory drug
that has been shown to reduce the rate of sporadic CRC in individuals without IBD
[98]. These mechanisms of action include modulation of cyclooxygenase-2, NFkB
activity, and scavenging of reactive oxygen species. In particular, PPAR-gamma, a
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nuclear receptor that mediates colon inflammation in part through modulation of
NFKB, has been shown iz vitro to play an important role in cell cycle progression
and apoptosis independent of its anti-inflammatory effect [99]. In addition to its
anti-inflammatory effects, 5-ASA has also been shown to have some distinct and
specific antineoplastic effects. For example, 5-ASA reduces the activity of the Wnt/
beta-catenin pathway [99]. It is well known that increased activity of this pathway is
present in most early CRC.

There are currently no definitive guidelines for the use of 5-ASA agents as chemo-
prevention for CRC. The available evidence is insufficient to support the use of 5-ASA
to reduce the risk of malignancy in all individuals with IBD. These agents can be
given to patients at higher risk for colon cancer, such as those with extensive disease,
primary sclerosing cholangitis, or a family history of CRC. In the prevention of CRC,
which has both a low risk and a long time to develop, control of active disease with
appropriate treatment approaches and close follow-up should be the basis instead of
routine use of 5-ASA.

5. Use of 5-ASA with other drugs

In patients with UC, it is generally recommended to maintain remission with
5-ASA and not to stop the drug, except for a small group of patients with proctitis
who remain in remission for a long time [100]. However, the same guideline does
not comment on stopping or continuing 5-ASA in patients using immunomodula-
tors and/or biologics [100]. The use of 5-ASA in patients in remission with immu-
nomodulators and/or biologics has attracted the attention of researchers because,
on the one hand, it complicates patient compliance with treatment and leads to
increased costs, and on the other hand, it is thought to have preventive effects
against colorectal cancer [101]. However, the results obtained from observational
studies and meta-analyses are contradictory on this issue [102, 103]. The dura-
tion and extent of disease, apart from concurrent PSC and family history of CRC,
have been identified as modifiable risk factors for chronically active disease CRC
[104]. Therefore, any drug that successfully controls inflammation and maintains
endoscopic remission may be considered to reduce the risk of CRC, as observed
with long-term thiopurine use [105]. A meta-analysis has shown that mesalazine,
especially at doses >1.2 g/day, provides a modest reduction in the risk of CRC
(OR =0.6,95% CI = 0.4-0.9, p = 0.04). However, these studies are not community-
based and are based only on data from referral centers [106]. In this context, it
remains unclear whether aminosalicylates have an independent biological chemo-
preventive effect beyond controlling inflammation.

Although the combination of 5-ASA compounds with thiopurines has been shown
to have a synergistic effect on thiopurine therapy by increasing serum 6-TGN levels
[107-109], in clinical studies, thiopurines combined with 5-ASA were not found to
be more effective than thiopurines alone [110, 111]. Therefore, it seems reasonable to
try to stop 5-ASA in patients in remission under thiopurines. Conversely, UC patients
who are unresponsive or resistant to standard thiopurine therapy may benefit from
the concomitant administration of 5-ASA, which may lead to an increase in 6-TGN
levels.

The analyses conducted on the use of 5-ASA compounds with biologic agents and
the general opinion resulting from this are that these drugs do not provide an addi-
tional, positive effect on the treatment [112-114].
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6. Compliance problems encountered in the use of 5-ASA

Taking less than 80% of the required dose is defined as “treatment non-adher-
ence.” In this case, the patient may have completely stopped the treatment. Therefore,
the term non-adherence to 5-ASA treatment refers to patients who stop the treatment
or do not follow the treatment regimen correctly [115, 116]. Studies conducted on
large patient groups receiving 5-ASA 2-3 times a day reported that almost 60% of
UC patients were non-adherent to the treatment [115, 117]. In fact, this problem is
not only related to mesalazine. Studies have shown that 20% of IBD patients using
azathioprine (AZA) [118] and 30% of those receiving anti-TNF were non-adherent to
the treatment [119, 120].

Unfortunately, the most important cause of disease relapse in UC patients is non-
adherence to the treatment (Table 2). It has been reported that the disease relapse is
five times more common in patients who are noncompliant with treatment [40, 121].
The “patient-physician” relationship plays an important role in compliance with drug
treatment. The physician should predict the patient’s compliance with the treatment
and determine the drug to be given and the method of administration accordingly,
in other words, an individualized treatment should be applied. Although rectal
mesalazine administration is effective, this treatment should not be recommended to
a patient who cannot apply it (especially if, e.g., they have pancolitis). However, the
effectiveness and importance of this method of administration should be explained
to the patient with proctitis and they should be made to understand it. Similarly,
for a patient who has difficulty taking the drug orally three times a day, forms that
can be administered once a day should be preferred. Detailed information should be

Patient and disease- Drug-related Physician-related factors Other factors
related factors factors
* Not accepting the * Route of use ¢ The physician does not * The patient does
disease (e.g., rectal have sufficient knowledge not have social
« Not accepting the application) ar.ld experience about the secu.rlfy to buy the
disease medicine

effectiveness of the Taking too many

treatment medications or * Not providing sufficient * The health system
. F large amounts information about the is not developed
orgetfulness : . .
daily disease enough to diagnose,
* Intense work .
hedul * Seeing or fearing * Not providing sufficient treat,. and monitor
schedule . . the disease
side effects of trust to the patient
* Male gender icati
& medications ¢ The patient cannot reach
* Patient’ marital their physician when
status necessary

Short duration of

the disease

Prevalence of the
disease

Patient’s level of

education

The disease is in
remission

Table 2.
Reasons for patient non-adherence to mesalamine treatment.
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provided to alleviate the patient’s concerns about the drugs, and reducing or stop-
ping the drug due to possible side effects should be prevented. The patient should be
informed that the disease being in remission does not mean that the disease has disap-
peared, that stopping the drug may lead to relapse in a large proportion of patients,
and the importance of continuing the treatment while in remission should be empha-
sized. As mentioned before, another important point in the healthy functioning of
the treatment process is to avoid polypharmacy. In this context, 5-ASA should not

be given to patients in remission with AZA or anti-TNF. Applying the optimum dose
to patients in remission with mesalazine to maintain remission is another important
point. The higher doses given during remission induction can be gradually reduced
after remission is achieved (likewise, treatment frequency can be reduced in topical
treatments). Possible reasons for non-adherence to treatment are summarized in
Table 2. These possible reasons should be considered separately for each patient and
individual solutions should be produced.

7.Is there a difference between mesalamines?

Although 5-ASA group drugs are generally effective, especially in patients with
mild-to-moderate UC, not all formulations may have the same effect in each patient.
Therefore, in cases where clinical response is not obtained, patient compliance is not
achieved (such as taking more than one tablet 3 times a day) and some side effects are
observed, the drug may be changed. In fact, in patients who do not have side effects
or compliance problems, but only inadequate response, the dose should be increased
first. However, this increase should not affect the patient’s compliance with the drug
(such as too frequent, too much medication). A change in drug may be considered
for other reasons (e.g., if there are also concerns about tolerance, especially if the
patient is taking sulfasalazine or olsalazine, there may be justification for switching
to a different 5-ASA treatment). In fact, the most important question at this point
is whether patients who do not respond to one formulation of mesalazine (despite
appropriate and adequate dosing) should be switched to an alternative preparation or
whether the lack of response to one formulation should be considered as a class effect
(i.e., should be switched to a more effective class such as steroids). There are very few
studies examining the transition from one oral 5-ASA treatment to another. The few
published studies have combined a change in 5-ASA formulation with an increase in
dose. Although a small study (nine UC patients), patients with endoscopically active
disease despite 12 weeks of treatment with Asacol® 2.4 g/day had a significant reduc-
tion in the endoscopic severity of the disease when treated with 12 weeks of Pentasa®
4.0 g/day (p < 0.05). However, it should be noted that the drug doses used here were
not equal [122]. Another study was conducted due to treatment compliance problems
(52%), patient preference (36%), and persistence of symptoms (12%). A total of
363 UC patients were examined in this study. Of these, 130 patients (36%) were
offered a change and 87 patients (24%) underwent the procedure. In the second study
conducted 6 months after the first pilot study, it was found that 70% of the patients
had an improvement in their UC severity score (Walmsley Index) and 30% had no
change. No worsening of the UC score was observed in any patient. In the second
pilot study conducted 6 months later, it was shown that when patients were switched
to once daily mesalazine maintenance treatment: 47% reduction in all hospital visits,
60% reduction in hospital visits due to UC flare, 45% reduction in GP visits, and 50%
reduction in steroid courses used. Most patients preferred the once daily dose and
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85% stated that they were not aware of alternative dosing regimens. Both pilot studies
resulted in significant cost savings [123]. Another study by Motoya et al. reported

a retrospective analysis of 46 patients with active UC who were switched from a
time-dependent mesalazine formulation (4.0 g/day) to a pH-dependent formulation
(3.6 g/day) because of inadequate clinical response [124]. At week 8, 50% of patients
achieved clinical remission and had a significant decrease in the Lichtiger clinical
activity index.

Although further studies are needed, available data suggest that in patients who do
not respond adequately to a particular oral 5-ASA treatment, it may be beneficial to
increase the dose and/or switch to another oral 5-ASA formulation. The failure of one
formulation should not preclude the future use of the entire drug class. Factors such
as patient adherence to treatment, site of disease involvement, and activation should
be considered when deciding which strategy to use.

On the other hand, patients with stable disease on a particular mesalazine for-
mulation should not switch preparations as this may compromise disease control.

In a retrospective study, Robinson et al. showed that stable patients who switched
mesalazine formulations had a 3.5-fold increased risk of relapse compared with
those who did not switch [125]. This suggests that mesalazine formulations are not
bioequivalent.

8. Stopping 5-ASA and reducing the dose

In placebo-controlled studies on stopping topical 5-ASA use in UC patients who
had achieved remission, more relapses were seen in the placebo group (52-85% in the
placebo group at 12 months, 91% at 24 months, and 20-48% at 12 months and 55%
at 24 months in the group continuing 5-ASA use) [126]. Therefore, stopping topical
treatment often leads to relapse. Unfortunately, there are no studies on reducing the
dose. However, the target of treatment should be to determine the topical dose that
will maintain remission. This situation may vary from patient to patient.

The duration of remission is the determining factor in stopping oral 5-ASA. For
example, relapse rates were similar to placebo in those who were discontinued after
being proven to be in remission for more than 2 years (26 vs. 18%, p = 0.35) [127].
However, patients who were in remission for 1-2 years before discontinuation of
5-ASA had a higher relapse rate than those who continued the drug (49 vs. 23%,

p = 0.035) [127]. Therefore, in patients under 5-ASA monotherapy, the duration of
remission should be taken into account when discontinuing the drug and this period
should be at least >2 years. In addition to the short duration of remission, being
younger than 40 years of age and/or having disseminated disease are important risk
factors for relapse. The situation with immunosuppressive drugs and biologics has
been discussed previously.

A dose-reduction strategy has been put forward to prevent the increased risk of
relapse with discontinuation of 5-ASA monotherapy. By reducing the dose, patient
compliance can be improved while also reducing treatment costs. The ECCO guideline
for the management of UC states that 2 g/day oral 5-ASA is effective in maintaining
remission, while in cases of distal disease, topical treatment of 3 g/week in divided
doses may be sufficient [26]. Similarly, a retrospective database study of 4452 patients
found no significant difference in the risk of exacerbation between patients treated
with low-dose (2.2-2.8 g/day) and high-dose (4.4-4.8 g/day) mesalazine over a
mean follow-up of 6 years [128]. On the other hand, another randomized controlled
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trial found that oral mesalazine alone, 1.2 g/day, was less effective than 2.4 g/day

in maintaining remission, especially in patients with a history of more frequent
relapses [129]. In a different study, 4.8 g/day oral mesalazine was superior to 2.4 g/
day in maintaining remission in patients younger than 40 years of age and/or with
disseminated disease [130]. In conclusion, it seems safe to reduce the dose in selected
patients, but it seems more appropriate to continue high-dose 5-ASA in patients
younger than 40 years of age, those with poor drug compliance or those with dissemi-
nated colitis.

9. Conclusion

Despite the introduction of new treatment agents every passing day, mesalamines
continue to be the main treatment option for UC since the majority of patients have
clinically mild and moderate activity. Although classically mild-to-moderate patients
are the main indication, 5-ASA preparations have also been shown to be effective in
moderate-to-severe UC in selected cases and at high doses. The treatment response
increases with the addition of topical agents to oral formulations. They are quite safe
agents and can be used safely in both the elderly and pregnant women. Although
it has been shown that adding immunosuppressive agents and biologics does not
increase the clinical response, these patients still use 5-ASA preparations widely.
Likewise, their cancer prevention effects continue to be debated due to the differences
in the results obtained from the studies.
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Abstract

With improvements in medical management, surgery for ulcerative colitis is
becoming less frequent. Multidisciplinary care is essential when selecting patients
who would benefit from surgery. The most frequent surgical options with curative
intent are total proctocolectomy with end ileostomy or total proctocolectomy with
ileal pouch-anal anastomosis. When selecting the appropriate operation for a patient,
detailed knowledge of short-term outcomes, long-term outcomes, and pouch func-
tion is essential. This chapter details indications for surgery, surgical options, patient
factors relevant to surgery selection, and short- and long-term outcomes after total
proctocolectomy with end ileostomy and total proctocolectomy with ileal pouch-anal
anastomosis.

Keywords: ulcerative colitis, J-pouch, total proctocolectomy, toxic colitis, inflammatory
bowel disease, ileal pouch anal anastomosis, indeterminate colitis

1. Introduction

Ulcerative colitis is a form of inflammatory bowel disease that affects the
rectum and colon. There were an estimated 5 million cases of ulcerative colitis
worldwide in 2023, and the incidence is growing [1]. With the advent of biologic
and immunomodulating therapies, response to medical management has improved
with a decreased need for surgical intervention. However, surgery is still indi-
cated in certain situations and is curative for true ulcerative colitis. The two main
surgical options for ulcerative colitis are total proctocolectomy with ileal pouch
anal anastomosis reconstruction or total proctocolectomy with permanent end
ileostomy. When selecting the appropriate operation, patient factors as well as
outcomes and expectations after surgery are important to consider for overall long-
term success.
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2. Indications for surgery

While the incidence of ulcerative colitis continues to increase worldwide, surgeries
have decreased in large part due to improvements in medical management, earlier
disease detection and treatment, the creation of evidence-based protocols, and the
increased use of biologic therapy and immunomodulators. Despite the improvements
in medical management, approximately 20% of ulcerative colitis patients will require
surgery, with a lifetime risk of 4.9%, 11.6%, and 15.6% at 1, 5, and 10 years from diag-
nosis, respectively [2]. Indications for surgery include fulminant colitis, medically
refractory disease, steroid dependence, colorectal malignancy, high-grade dysplasia,
or multifocal low-grade dysplasia.

Operations within the first year of diagnosis are significantly more likely to be
emergent surgeries due to fulminant colitis. Patients with chronic ulcerative colitis
requiring inpatient hospitalization also have a 27% risk of requiring a colectomy
on the same admission. Emergent colectomy is associated with higher morbidity,
mortality, and ultimately pouchitis or other functional issues of an ileal pouch anal
anastomosis [3].

With the array of available treatment options, defining medically refractory
disease and subsequently which patients would benefit from surgery can be a
nuanced decision. Medical treatment options include aminosalicylates, cortico-
steroids, immunomodulators, synthetic small molecules, and biologic therapy,
which are targeted antibodies. The goal of medical management is mucosal healing,
which is determined through surveillance colonoscopy. Selection of medications
is determined by disease severity, which is scored based on patient symptoms and
endoscopic evaluation of mucosal injury [4]. Medical management also includes risks
of opportunistic infections, malignancy, osteoporosis, and psychological disease
processes such as depression. Therefore, medical management also includes inten-
sive screening for comorbidities of medications, resistance to treatment options, or
development of malignancy, as well as preventive measures such as vaccination [5].
Due to the complexities of ulcerative colitis treatment, the decision to proceed with
surgery ideally involves a multidisciplinary discussion with the patient’s gastroenter-
ologist, primary care physician, and surgeon. In the age of biologic therapy, failure to
improve or worsening of disease severity after trial of two immunomodulators and/
or biologics would be a strong indicator to consider surgery as third-line therapy is
associated with risks of adverse events, serious infections, or death (23%, 7%, and
1%, respectively) [6].

While steroids are integral to inducing remission in severe ulcerative colitis, the
adverse effects of dependence include osteoporosis, hypertension, diabetes, Cushing’s
syndrome, cataracts, glaucoma, and infections [7]. Adverse events related to cor-
ticosteroids are estimated to occur in 55% of inflammatory bowel disease patients
treated with prednisolone at dosages of 40 mg/day and 33% of patients treated with
budesonide 9 mg/day. These risks are also related to the duration of therapy and
increase after 2-3 weeks of treatment [8]. Steroid dependence is defined as patients
who require 3 months of total duration of steroids or who relapse and require steroid
treatment within 3 months of cessation of steroid therapy [9]. Steroid dependence
occurs in 22-36% of patients with ulcerative colitis [10, 11]. As steroids are often used
as rescue therapy in either the acute setting or in the failure of response to other drug
classes, approximately 15% of inflammatory bowel disease patients report self-med-
ication by using steroids without a prescription, which is associated with other risks
such as incorrect diagnosis, delays in medical evaluation and intervention, adverse
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reactions, drug interactions, or covering disease severity leading to steroid depen-
dence [12]. Out of patients who require surgery, 70% are due to medically refractory
ulcerative colitis [13].

People living with ulcerative colitis also have an increased risk of colorectal cancer
or dysplasia. Risk factors for the development of colorectal cancer include the extent
of colonic involvement as well as the length of disease duration. Patients with a larger
amount of involved colon have a higher risk than patients with more localized disease.
The cumulative incidence rates of colorectal cancer after diagnosis of ulcerative colitis
are 2%, 8%, and 18% after 10 years, 20 years, and 30 years, respectively. Rates also
vary by geography, with increased rates in the United States and the United Kingdom
compared to other countries [14].

3. Surgical options

Surgical approaches to total proctocolectomy fall into three separate categories
based on the number of operations: single-stage, two-stage, or three-stage surgery.
Single-stage surgery may either involve a permanent ileostomy or an ileal pouch
anal anastomosis reconstruction. The selection of staging surgery often depends on
patient risk factors as well as emergent or elective indications for surgery.

In the emergent setting, the most common operation is a total abdominal colec-
tomy with end ileostomy. While leaving a rectal stump does introduce the risk of a
leak from the rectal stump, there is no formal anastomosis or difficult pelvic dis-
section. In the emergent setting, the morbidity and mortality for a total abdominal
colectomy are half that of a total proctocolectomy with end ileostomy in spite of the
often-tenuous rectal stump [15]. If the patient later desires reconstruction, the opera-
tions would include a completion proctectomy with ileal pouch anal anastomosis
reconstruction and a diverting loop ileostomy followed by loop ileostomy reversal.

In the elective setting, reconstructive options involve an ileal pouch anal anasto-
mosis reconstruction. The purpose of the ileal pouch anal anastomosis is to mimic
and restore the reservoir function of the rectum. Pouch designs include S, J, and W
configurations, although there are others described. The most commonly performed
configuration, the J-pouch, is depicted in Figure 1. The technical aspects of pouch
formation are beyond the scope of this chapter. The pouch is then stapled to the
anus using a circular stapler placed through the rectal cuff. When comparing short-
term function of these three configurations, the J-pouch is associated with a higher
frequency of defecation, while the S-pouch configuration is associated with a higher
need to intubate the anus in order to initiate a bowel movement [17]. While the differ-
ence in frequency of defecation may persist up to 1 year after surgery, when followed
for 9 years, there is no statistically significant difference in daily or nocturnal stool
frequency [18]. The S-pouch configuration also has an 8 times higher risk of develop-
ing surgery-related complications, while the J-pouch has a higher risk of developing
chronic antibiotic-refractory pouchitis [19]. Due to the increased efficiency of
J-pouch formation, decreased risk of surgical complications, and equivalent long-
term function, the J-pouch has by far become the most prevalent reconstruction and
will be the reconstruction configuration referenced for the remainder of this chapter
when discussing ileal pouch anal anastomosis.

The next branch in surgical selection in the elective setting is whether to perform a
single-stage total proctocolectomy with reconstruction without a diverting loop ileos-
tomy or to perform a two-stage procedure. Early reviews have shown no significant
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I-pouch feal -

reservoir atapled circular

Figure 1.
J-pouch configuration of ileal pouch anal anastomosis Ref. [16].

differences in function when comparing diversion to no diversion. However, diverted
patients were more likely to develop small bowel obstructions, and non-diverted or
single-stage patients were more likely to develop pelvic sepsis secondary to anasto-
motic leak [20]. However, with the continued improvement in medical management
options as well as increased utilization of minimally invasive techniques such as
laparoscopic and robotic-assisted surgery, updated reviews show no statistically
significant differences in function or surgical complications but still suggest prudent
patient selection for single-stage operations [21]. In a retrospective cohort study
performed by Balachandran et al., single-stage proctocolectomy was compared in the
elective and emergent settings. While the groups had no significant differences in
postoperative complications or function, a subset analysis did show an increased risk
of wound dehiscence and pelvic sepsis in patients treated with high-dose preoperative
corticosteroids prior to surgery, suggesting that a two-stage operation with a diverting
ileostomy should be highly considered in this patient population [22].

While the majority of data has been collected for open operations, the adoption
of laparoscopic and robotic-assisted techniques has raised the question as to whether
inflammatory bowel disease patients can benefit from a minimally invasive approach.
Laparoscopic surgery has been shown to be safe and effective for colorectal surgery
with decreased morbidity and length of stay when compared to open procedures
[23]. Specifically in surgery for ulcerative colitis, laparoscopic surgery has compa-
rable pouch function to open surgery with decreased morbidity and length of stay
[24]. Early data did show significantly increased operative times for laparoscopic
versus open surgery, but the difference in operative times vanishes with increased
surgeon laparoscopic experience and at high-volume centers [25]. The benefits of the
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laparoscopic approach are more difficult to prove in the emergent setting, as these
patients are more frequently treated by experienced surgeons at high-volume centers.
Additionally, these patients do not have the luxury of preoperative optimization of
their comorbidities and do not show a decreased length of stay with a laparoscopic
versus open approach [26].

The most recent widely adopted advance in minimally invasive colorectal surgery
has been robotic-assisted laparoscopic surgery. Robotic surgery does have a lower
conversion rate to open surgery when compared to laparoscopic surgery, with a
trend but not statistically significant decreased length of stay [27]. Additionally,
robotic surgery is associated with a longer surgery duration and higher surgical costs
compared to laparoscopic ileal pouch-anal anastomosis [28]. As surgeon expertise in
robotic-assisted surgery continues to develop and improve, robotic-assisted surgery
has been shown to have decreased short-term outcomes and decreased length of stay
compared to laparoscopic surgery for inflammatory bowel disease, while laparoscopic
surgery continues to show shorter operative times [29].

4. Short-term outcomes after ileal pouch-anal anastomosis versus end
ileostomy

Short-term outcomes refer to items such as length of stay and surgical complica-
tions, as long-term pouch and psychosocial function cannot yet be assessed. Both end
ileostomy and ileal pouch-anal anastomosis have low mortality rates at approximately
1% within 90 days of surgery [30]. However, these are complex surgeries in complex
patients, and morbidity after surgery for ulcerative colitis approaches 40%. Due to the
significant risk for associated morbidity, patient comorbidities such as diabetes, frailty,
steroid dependence, or cardiopulmonary disease should be considered when choosing
between a single procedure with a permanent stoma versus multiple operations [31].

Length of stay is similar between end ileostomy versus ileal pouch-anal anastomo-
sis at an average of 5 days, which is not surprising, as even the J-pouch patients typi-
cally have a diverting loop ileostomy, and both groups would require teaching to learn
to care for their new stomas [32]. Early operative complications include bleeding,
ischemia, anastomotic leak, or pelvic sepsis. While bleeding and ischemia can occur in
either operation, the introduced risks of anastomotic leak and pelvic sepsis are intro-
duced through the addition of an ileal pouch-anal anastomosis. Due to the anatomy of
the J-pouch, a leak can occur from either the pouch-to-anus anastomosis or from the
J-pouch itself, with the most common leak source being the pouch-anal anastomosis.
The leak rate after ileal pouch anal anastomosis ranges from 10 to 17% [33].

When comparing laparoscopic versus open approaches, mortality is similar, while
length of stay is shorter with a laparoscopic approach. Other benefits of a laparo-
scopic approach include decreased narcotic use, earlier return of bowel function,
and decreased risk of early complications. However, the early complication rate may
be confounded by decreased disease severity, which influenced the selection of a
laparoscopic approach. Patients who initially underwent laparoscopic total abdominal
colectomy with a three-staged reconstruction compared to open total abdominal col-
ectomy had higher serum albumin prior to the index operation (a marker for baseline
nutritional status), less inpatient narcotic usage, faster return of bowel function, and
shorter length of stay and proceeded with their second and third stages of surgical
reconstruction 49 days sooner and 17 days sooner, respectively [34]. As previously
discussed, there is little data to support a difference between a laparoscopic and a
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robotic-assisted surgical approach, but a robotic-assisted approach is associated with
longer operative times and a decreased conversion to open surgery [35].

5. Long-term outcomes after ileal pouch-anal anastomosis versus end
ileostomy

While ileostomy function does not change with time, the function of a J-pouch
can. Both end ileostomy patients and restorative ileal pouch-anal anastomosis patients
have high rates of satisfaction, ranging from 80 to 96%. Interestingly, body image
concerns are more associated with open surgery compared to minimally invasive
surgery and less associated with a permanent ileostomy, with better body image in
the minimally invasive surgery group [36]. Quality of life scores regarding social
restrictions, performance status, lifestyle satisfaction, ability to return to work or
school, body image, and participation in sexual relationships are similar between end
ileostomy versus J-pouch patients [37].

Pouchitis is a frequent complication of a J-pouch, which is defined as inflammation
of the ileal-anal pouch and occurs in 30-50% of patients. Symptoms can include pain,
bleeding, frequency, and urgency. Treatment options include antibiotics or immuno-
suppressants delivered orally, rectally, or systemically with subcutaneous injections or
intravenous infusions, depending on the severity [38]. Approximately 17% of patients
will then progress to develop chronic antibiotic-refractory pouchitis, which may become
severe enough to warrant pouch excision with conversion to an end ileostomy [39].

Bowel function after J-pouch reconstruction should be discussed with patients
preoperatively in order to set appropriate postoperative expectations. On average,
most patients experience six to eight loose bowel movements during the day and
two bowel movements at night [18, 40]. Urgency, defined as needing to defecate
within 15 minutes of having the urge, is another concern after the J-pouch. In severe
ulcerative colitis, 41% of patients report fecal urgency. This is similar to fecal urgency
within the first year of restorative proctocolectomy with J-pouch reconstruction [41].
However, with appropriate postoperative counseling, physical therapy, stool manage-
ment, and patient selection, up to 90% of patients can delay defecation over 15 min-
utes from the urge to defecate [42]. However, 56.4% of patients report needing to have
another bowel movement within 15 minutes of a previous bowel movement, and up to
50% report the sensation of incomplete evacuation of stool [43].

Due to the combination of looser stool with fecal urgency, fecal incontinence is
another concern for postoperative function after J-pouch reconstruction, and preop-
erative fecal incontinence is a contraindication for restorative proctocolectomy with
ileal pouch-anal anastomosis. With appropriate patient selection, 79-91% of patients
report none or seldom incontinent episodes [42]. However, as happens in non-sur-
gical patients, fecal incontinence does increase with age. Comparing function 1 year
after J-pouch to 20 years after J-pouch, daytime incontinent episodes increase from 5
to 11%, and nocturnal incontinent episodes increase from 12 to 21% despite no change
in the use of stool bulking agents or patient ability to differentiate stool from flatus
[44]. In order to combat these issues, 46% of patients report making dietary changes
to avoid loose stools and incontinent episodes [45]. Up to 50% of patients report tak-
ing antidiarrheal medications in order to combat fecal incontinence [2]. Sacral nerve
stimulation, which is considered first-line therapy treatment for fecal incontinence,
has shown good outcomes in the ileal pouch-anal anastomosis population and can
improve symptoms in two-third of patients when offered [46].
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Patients can also develop obstruction secondary to adhesive disease after surgery
for stricture of the ileal pouch-anal anastomosis. Small bowel obstruction occurs
in up to 40% of patients. This can occur secondary to adhesive disease or afferent
limb syndrome, where an acute angulation occurs in the limb of the J-pouch [45].
Obstruction can also occur due to outlet obstruction secondary to stricture forma-
tion. Anal stricture occurs in approximately 13.6% of patients within 5 years, but that
number can increase to 56% after 30 years [45, 47]. Stricture formation is also 8 times
more likely after three-stage procedures compared to two-stage procedures with no
differences in anastomotic leak or pelvic sepsis [48].

While ileal pouch-anal anastomosis minimizes the chance of developing colorectal
cancer, there is still a small remnant rectal cuff as opposed to end ileostomy, where
aremnant cuff is not necessary to form an anastomosis. Due to this remnant rectal
cuff and anal transition zone, there is a small risk of dysplasia as a small amount of
rectal mucosa remains when a stapled approach is used. A systematic review observed
dysplasia in the mucosal remnant in 0-4.4% of patients after 10 or more years [30].

Pouch patients may also develop fistulas to their pouch. These fistulas can occur
in the vagina, bladder, small bowel, or perianal skin. While not common, these can
occur in 4% of patients. Primary treatment includes drainage of any associated
abscess with draining seton placement. After adequate drainage, subsequent treat-
ment options include advancement flaps, transvaginal repair, or mesenchymal stem
cells. However, one third of patients who develop a fistula to their pouch do ultimately
require pouch excision [47, 49-53].

Pouch failure can occur in up to 17% of J-pouch patients. While a subjective
measure, chronic pouch failure is defined by patient factors such as stool frequency,
urgency, incontinence, or chronic antibiotic-refractory pouchitis. Etiologies of pouch
failure include mechanical outlet obstruction, pouch intussusception, efferent loop
kinking, or emptying problems. While revision and reconstruction of the pouch isan
option, many of these patients undergo either proximal diversion with a loop ileos-
tomy or complete excision of the pouch with conversion to an end ileostomy [54].

Another important long-term outcome to consider after surgery is sexual func-
tion. Prior to surgery, approximately one-third of patients report reduced or absent
sexual activity due to the severity of their ulcerative colitis. After ileal pouch-anal
anastomosis, 25% report improvement in their sex life, while 16% report mild restric-
tions to their desired sexual activity. When separated by sex, 3% of men reported
sexual dysfunction while 11% of women reported similar dysfunction [55]. The
differences in sexual function between men and women also dissipate 1 year after
surgery [56]. Female fertility can also be affected by both ulcerative colitis and total
proctocolectomy. With chronic ulcerative colitis alone, female patients experience a
medical fertility rate of 14.6%, which increases to 48% after open total proctocolec-
tomy with ileal pouch-anal anastomosis [57]. The etiology is believed to be scarring
and adhesive disease to the Fallopian tubes after pelvic dissection. After the introduc-
tion of laparoscopic surgery, female infertility rates have improved to 27% [58]. In
terms of pregnancy after ileal pouch-anal anastomosis, women have no significant
difference in pregnancy complications, labor, delivery complications, unplanned
Cesarean section, or birth weight. Completion of successful gestation, pregnancy,
and delivery also have no difference in functional outcomes of the pouch [59].

Patients also have financial considerations when choosing an operation. Due to the
cost of biologic therapy, direct medical costs are lower after surgery when compared
to before surgery. However, the two-year costs between medically managed and
surgically managed patients are comparable. End ileostomy is approximately $8000
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End ileostomy Ileal pouch anal anastomosis
Short-term outcomes
Morbidity = =
Length of stay = =
Anastomotic leak ’T
Long-term outcomes
Patient satisfaction = =
Fecal urgency 10%
Fecal incontinence 10%
Pouchitis 30-50%
Small bowel obstruction = =
Pouch fistula 4%
Pouch failure 17%
Finances
Well-functioning pouch *
Pouchitis 1L

Table 1.
Outcomes comparison between end ileostomy and ileal pouch anal anastomosis.

more expensive for patients than ileal pouch-anal anastomosis due to the cost of
stoma supplies over a two-year period. In pouch patients who developed pouchitis,
their two-year cost was $12,000 more expensive than end ileostomy patients [60].
When differentiating risk factors for medical financial toxicity, disease extent is more
associated with increased cost compared to disease severity [61].

A summary comparing the short- and long-term outcomes after end ileostomy
versus ileal pouch anal anastomosis is presented in Table 1.

6. Conclusion

With the advances in medical management, surgery for ulcerative colitis is becom-
ing increasingly less common. Defining surgical indications such as failure of medical
management becomes increasingly complex and involves multidisciplinary evalu-
ation, collaboration, and decision-making. Once a consensus recommendation has
been reached to proceed with surgery, patient factors such as comorbidities, severity
of ulcerative colitis, steroid use, frailty, and fecal incontinence should be factored
into surgical selection. Surgical options include total abdominal colectomy with
end ileostomy, total proctocolectomy with end ileostomy, or total proctocolectomy
with ileal pouch-anal anastomosis reconstruction in a three-, two-, or single-staged
fashion. Knowledge of short-term outcomes, long-term outcomes, risks of malig-
nancy, and pouch function is integral to conducting a true patient-centered selection
of the operative approach. With appropriate preoperative and postoperative counsel-
ing, patient satisfaction is equal for a permanent end ileostomy and for restoration of
intestinal continuity with an ileal pouch-anal anastomosis.
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Chapter 6

Evidence-Based Complementary
Therapies for the Management of
Ulcerative Colitis
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Abstract

Ulcerative colitis (UC), a chronic inflammatory bowel disease, profoundly affects
patients’ quality of life through persistent gastrointestinal symptoms and systemic
complications. Conventional therapies include aminosalicylates, corticosteroids,
immunomodulators, and biologics, yet many patients experience limited effective-
ness and severe adverse effects. This limitation has spurred a rising interest in
complementary therapies, offering promising avenues for symptom management and
enhancement of overall well-being. This chapter explores an array of complementary
approaches, such as dietary modifications, herbal supplements, prebiotics, and
probiotics. By focusing on the robust empirical evidence, mechanisms of action, and
practical implementation of these therapies.

Keywords: ulcerative colitis, complementary therapies, dietary and herbal
interventions, immunomodulators, cytokines

1. Introduction

Ulcerative colitis and Crohn’s disease, collectively known as inflammatory bowel
disease (IBD), are chronic conditions associated with significant morbidity and
mortality [1, 2]. Ulcerative colitis (UC) is a chronic inflammatory bowel disease
marked by immune-related inflammation and the development of ulcers on the
intestinal mucosal surface [3, 4]. The precise cause of UC is not well understood [5].
Common symptoms include chronic diarrhea, bloody stools, and abdominal discom-
fort [6]. Both the incidence and prevalence of UC have been increasing worldwide
[7]. Despite major advances in our understanding of intestinal inflammation over the
past two decades, driven by experimental animal models, the exact causes of these
diseases remain unknown [8]. Current treatments for UC, such as corticosteroids and
immunosuppressants, often prove insufficient and come with considerable adverse
effects [9]. While these conventional therapies can manage symptoms and induce
remission, they do not provide a cure and may not work for all patients. Moreover,
the significant side effects associated with these treatments can further complicate
patient care, underscoring the need for safer and more effective therapeutic options
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[10, 11]. Aminosalicylic acids (ASAs), particularly mesalamine (5-ASA) administered
orally or via enema, are the primary treatments for UC [12]. However, patients who
do not respond to 5-ASA often turn to corticosteroids or immunomodulators to man-
age the condition, despite the potential for adverse effects. This has led to a growing
demand for new compounds capable of inducing and maintaining remission in UC
without significant side effects [13]. This chapter explores emerging therapeutic
strategies that hold promise for the future treatment of ulcerative colitis. These novel
approaches aim to address the limitations of existing treatments by offering improved
efficacy and a better safety profile. The focus is on various innovative therapies,
including dietary modifications, herbal supplements, prebiotics, probiotics, and
other complementary approaches. By examining the latest research findings and clini-
cal experiences, this chapter highlights the potential of these emerging therapies to
improve patient outcomes and quality of life.

2. Complementary therapies for ulcerative colitis (UC)

Patients with inflammatory bowel disease (IBD) often experience symptoms such
as abdominal discomfort, diarrhea, the presence of blood in their stools, and mucosal
damage [14]. A prompt and precise diagnosis, an assessment of the patient’s risk of
unfavorable outcomes, and the onset of efficient, secure, and acceptable medical
therapies are all essential components of UC management. A prolonged and durable
period of steroid-free remission, accompanied by suitable psychosocial support, a
normal health-related quality of life (QoL), the avoidance of morbidity, including
hospitalization and surgery, and the prevention of cancer, represent the ideal course
of treatment. Mucosal healing is a new objective in the therapy of ulcerative colitis
[15]. Knowing the best preventive, therapeutic, and diagnostic techniques is essential
to achieving these objectives.

2.1 Prebiotics

Prebiotics are non-digestible fiber compounds that promote the growth of ben-
eficial bacteria in the gut, such as bifidobacteria and lactobacilli [16]. Prebiotics help
maintain a balanced gut microbiome, support digestive health, and enhance immune
function [17]. The most common types of prebiotics include fructo-oligosaccharides
(FOS), inulin, galacto-oligosaccharides (GOS), and resistant starches [18]. Inulin,
found in chicory root, ferments in the colon to produce short-chain fatty acids
(SCFAs) like butyrate, which has anti-inflammatory properties [19]. By modulating
the gut microbiota and enhancing the immune response, prebiotics play a crucial
role in managing colitis and promoting overall gut health. Koleva et al. demonstrated
that fructo-oligosaccharides (FOS) and inulin reduce Clostridium cluster XI and
promote Bifidobacterium spp. in rats, leading to decreased intestinal inflammation
[20]. Hoentjen et al. found that a prebiotic combination of inulin-type fructans
reduced colitis in HLA-B27 transgenic rats, linked to gut microbiota changes, and
increased TGF-f [21]. Wang et al. showed that stachyose improved weight recovery,
reduced colonic damage, and corrected microbiota imbalances in UC mice [22].
Lunken et al. reported that inulin-type fructans-enriched enteral nutrition (ENN)
reduced colitis severity in a T-cell transfer model, promoting beneficial microbes
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Author Year Type of study Study design Primary outcome Results
Hoentjen 2005 Animal model Prebiotic Reduction of colitis, Reduced colitis, increased
etal. (HLA-B27 rats)  treatment microbiota changes, bifidobacteria, and TGF-p
immunomodulation levels
Casellas 2007  Clinical study Oligofructose-  Intestinal inflammation =~ Lowered fecal calprotectin
etal. enriched inulin  reduction levels
Vulevic 2008  Clinical study GOS treatment  Impact on beneficial Increased bifidobacteria
etal. bacteria, immune and lactobacilli, reduced
response harmful bacteria,
enhanced immune
response
Koleva 2012 Animal model Prebiotic (FOS)  Impact on gut Promoted Bifidobacterium
etal. (Rats) treatment microbiota and intestinal  spp., reduced Clostridium,
inflammation decreased inflammation
Lunken 2021  Animal model EEN with Effects on mucus, T-cell Improved mucus
etal. (T-cell transfer  inulin subsets, and microbiota integrity, expanded
mice) anti-inflammatory
T-cell subsets, increased
beneficial microbes
Lietal 2021  Clinical study XOS treatment  Impact on microfloraand  Increased bifidobacteria,
inflammation reduced harmful bacteria,
improved inflammation
Wang 2023 Animalmodel  Prebiotic Recovery of body weight, Improved weight recovery,
etal. (C57BL/6 mice)  (Stachyose) tissue damage reduction,  reduced inflammation,
microbiota restoration restored microbiota
balance
Table 1.

Summary of evidence on the effects of prebiotic supplementation in UC patients.

and anti-inflammatory T-cells [23]. Vulevic et al. demonstrated that galactooligosac-
charides (GOS) promoted beneficial bacteria and enhanced immune response [24].
Casellas et al. found that oligofructose-enriched inulin reduced intestinal inflamma-
tion in UC patients, as evidenced by lower fecal calprotectin levels [25]. Suzuki et al.
showed that the bifidogenic growth stimulator (BGS) improved microflora balance,
enhancing colonic health and preventing damage [26]. Li et al. demonstrated that
xylo-oligosaccharide (XOS) promoted bifidobacteria, reducing harmful bacteria and
alleviating UC symptoms [27]. Prebiotics can help modulate intestinal flora, reducing
UC’s severity (Table1).

2.2 Probiotics

Probiotics are live microorganisms that confer health benefits to the host when
administered in adequate amounts. They are often used to improve gut health by
restoring the natural balance of gut flora, which can be disrupted in conditions
like ulcerative colitis (UC) [28]. Many studies have shown that intestinal micro-
flora plays a major role in the pathogenesis of ulcerative colitis [29]. Probiotics
are among the most popular CAM therapies and come in various forms, including
single or multiple strains of bacteria and/or yeast [30]. Probiotics are hypothesized
to have anti-inflammatory properties and to influence immune-modulatory
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pathways, including phosphoinositide 3-kinase/Akt pathway inhibition and nuclear
factor k-light chain enhancer of activated B cells (NF-xB) pathway inhibition
[31-33]. They may also affect the expression of Toll-like receptors and inflamma-
tory cytokines. Several clinical studies have investigated the efficacy of probiotics
in managing UC. A meta-analysis by Sartor of randomized controlled trials found
that probiotics, particularly formulations containing multiple strains of beneficial
bacteria, can induce remission and maintain disease stability in UC patients [34].
In patients with mild-to-moderate ulcerative colitis (UC), the probiotic formula-
tion VSL#3 has been shown to induce remission. A study conducted by Tursi et al.
demonstrated that VSL#3 led to a nearly 50% reduction in the disease activity
index compared to placebo [35]. Studies conducted by Miele et al. and Bibiloni

et al. have shown that when VSL#3 is administered alongside standard therapies,

it significantly enhances clinical remission and reduces endoscopic severity in
patients with ulcerative colitis [36, 37]. A study by Kruis et al. found that the
probiotic strain Escherichia coli Nissle 1917 is as effective as mesalamine in regulat-
ing remission in patients with ulcerative colitis [29]. The studies demonstrated that
probiotics could reduce the frequency and severity of flare-ups, improve symptoms
such as abdominal pain and diarrhea, and promote mucosal healing [15]. The exact
mechanisms by which probiotics exert their effects may include modulating the
immune response, enhancing gut barrier function, and reducing pathogenic bacte-
rial colonization (Table 2) [38, 39].

Author Year Type of study Study design Primary outcome  Results
Sartor 2004 Meta-analysis Multiple RCTs on Effectiveness Probiotics, especially
etal. (RCTs) probiotics in UC of probiotics multi-strain
in inducing/ formulations, can
remission in UC induce remission
and maintain disease
stability in UC
Tursietal. 2010 Randomized VSL#3 (3600 Reduction in UC VSL#3 reduced
controlled trial ~ billion CFU/day) vs.  Disease Activity the disease activity
(RCT) placebo for 8 weeks  Index (UCDAI), index by nearly 50%
in relapsing UC remission, and compared to placebo
patients improvement in
rectal bleeding
Bibiloni 2005and  Randomized VSL#3 with Clinical remission ~ VSL#3 improved
etal. and 2009 controlled trial ~ standard therapies and endoscopic clinical remission and
Miele et al. (RCT) inUC severity reduced endoscopic
severity when
combined with
standard therapies
Kruisetal. 2004 Randomized E. coli Nissle 1917 vs.  Remission E. coli Nissle 1917
controlled trial mesalamine maintenance is as effective
(RCT) as mesalamine

in maintaining
remission

Table 2.
Summary of evidence on the effects of probiotic supplementation in UC patients.
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2.3 Curcumin

Curcumin is the primary bioactive compound found in turmeric (Curcuma longa).
It has strong anti-inflammatory, antioxidant, and anti-cancer properties [40]. In the
context of ulcerative colitis (UC), curcumin is believed to help reduce inflammation
and support mucosal healing [41]. It has been shown to have anti-inflammatory
and antioxidant properties on human lymphocytes and gut epithelial cell lines and
reduces histologic features of inflammation and colitis in mice [42, 43]. A random-
ized, double-blind, placebo-controlled trial conducted by Hanai et al. over 6 months
demonstrated that curcumin, in combination with standard mesalamine treatment,
significantly improved clinical and endoscopic remission rates in patients with
mild-to-moderate UC [42]. In a study conducted by Sugimoto et al. on TNBS-induced
colitis in mice, it was found that administering curcumin resulted in a significant
reduction in body weight loss compared to the placebo group [41]. Another study
conducted by UKkil et al. revealed that curcumin-pretreated mice with TNBS-induced
colitis there is a preferential expression of Thl and Th2 cytokines in the mucosa of the
colon. There has been a repression in the NF-kB activation [44]. Jagetia and Aggarwal
demonstrated that curcumin is capable of mitigating the expression of several pro-
inflammatory cytokines such as TNF, ILs, and chemokines by modulating the expres-
sion of transcription factor NF-kB [45]. Patients receiving curcumin had a relapse
rate of 4.7%, compared to 20.5% in the placebo group, indicating its potential as an
effective adjunct therapy in UC management (Table 3) [46].

Author Year Type of Study design Primary outcome Results
study

Sugimoto 2002 Animal TNBS-induced Body weight loss Curcumin led to

etal. study colitis in mice; reduction in colitis significantly less weight loss
curcumin vs. mode compared to the placebo
placebo group

Ukil et al. 2003 Animal TNBS-induced Cytokine Repression of NF-kB

study colitis in mice; expression (Thl, activation and cytokine

curcumin- Th2), NF-kB modulation in curcumin-
pretreated activity treated mice

Hanaietal. 2006 RCT 6-month trial; Clinical and Significant improvement
curcumin + endoscopic in remission rates; relapse
mesalamine vs. remission rate 4.7% for the curcumin
placebo group vs. 20.5% for the

placebo

Jagetiaetal. 2007 Invitro Evaluation Pro-inflammatory Curcumin mitigated pro-
of cytokine cytokines (TNF, inflammatory cytokines by
modulation by ILs) expression modulating NF-kB activity
curcumin

Table 3.

Summary of evidence on effects of curcumin supplementation in UC patients.

2.4 Fish oil

Fish oil is a rich source of omega-3 fatty acids (n-3 PUFAs), particularly eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA) [47-49]. EPA and DHA modulate
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the expression of several transcription factors that include hepatic nuclear factor
(HNF)-4a, liver X receptors (LXRs), and peroxisome proliferator-activated receptors
(PPARs) which have a critical role in IBD [50]. Activation of PPARs by n-3 PUFAs
inhibits the NF-kB signaling pathway, thereby reducing the transcription of NF-kB-
dependent genes such as COX-2, IL-6, TNF-a, and other chemokines implicated in
IBD [51]. The clinical efficacy of fish oil in UC has been investigated in several studies.
In a study conducted by Magisetty et al., rats with DSS-induced colitis pretreated

with n-3 PUFAs showed dysregulation of colitis-associated genes including Etv3,
clec4d, CD180, CD72, Megf11, and Angptl4 [52]. A study conducted by Reddy et al.
demonstrated that n-3 polyunsaturated fatty acids (PUFAs) significantly improved
body weight loss, rectal bleeding, and mortality rate in DSS-induced colitis rats. This
improvement was attributed to the downregulation of myeloperoxidase activity, nitric
oxide, prostaglandin E2, TNF-q, IL-6, IL-8, COX-2, and iNOS levels [53]. McLean et al.
conducted a double-blind, placebo-controlled trial and found that fish oil supplemen-
tation led to a significant reduction in rectal bleeding and stool frequency, two key
symptoms of UC [54]. An RCT done by Seidner et al. found that EPA (1 g twice daily)
was associated with significant reductions in fecal calprotectin levels and maintenance
of remission compared to placebo [55]. The variability in outcomes may be due to dif-

ferences in dosages and the ratios of EPA to DHA used in these studies (Table 4).

Author Year Type of study Study design Primary outcome  Results
McLean 2005 Double-blind, Fish oil Rectal bleeding, Fish oil significantly
etal. placebo RCT supplementation vs. stool frequency reduced rectal
placebo bleeding and stool
frequency
Siedner 2005 Randomized EPA (1 g twice daily) Fecal calprotectin, EPA led to significant
etal. controlled trial vs. placebo remission reductions in fecal
maintenance calprotectin and
improved remission
maintenance
Vijay 2016 Animal study DSS-induced Inflammatory n-3 PUFAs
etal. colitis; n-3 PUFA markers, rectal significantly reduced
supplementation bleeding, rectal bleeding, body
mortality weight loss, and
inflammation
Jhansi 2024 Animal study DSS-induced Colitis-associated n-3 PUFAs showed
etal. colitis; n-3 PUFA gene dysregulation  dysregulation of genes
supplementation (Etv3, Angptl4) related to colitis,
including Etv3, CD72,
and Angptl4
Table 4.

Summary of evidence on the effects of curcumin supplementation in UC patients.

2.5 Herbal medicines

2.5.1 Andrographis paniculata

Andrographis paniculata (AP), a member of the plant family Acanthaceae, isan
herbal remedy used in China and many other Asian countries [56]. It is commonly
known as “King of Bitters.” It is known for its anti-inflammatory, antiviral, and
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immune-boosting properties [57]. In a study by Gao et al., andrographolide, the
most active phytochemical in Andrographis paniculata (AP) and its derivative CX-10,
significantly reduced body weight loss, colon length shortening, and disease activ-
ity index (DAI) in mice with DSS-induced colitis [58, 59]. In a study conducted by
Sandborn et al., a multicenter RCT of patients with active mild-to-moderate UC,

its extract, HMPL-004, produced similar rates of clinical remission, response, and
endoscopic remission when compared with 5-ASAs at 8 weeks. The study found that
the extract was as effective as mesalamine in reducing disease activity and improving
quality of life, suggesting it could be a viable alternative or adjunct to conventional
treatments [60]. In another study by Michelsen et al., HMPL-004 treatment in mice
with MC-induced colitis downregulated the expression of TNF-a, IL-1p, IFN-y,

and IL-22 [61]. Hence, AP can be used as an alternative for inducing remission and
mitigating the disease symptoms in UC patients.

2.5.2 Indigo Naturalis

Indigo Naturalis (IN), also known as Qing Dai, is a traditional Chinese herbal
medicine extracted from Indigofera Tinctora and is known for its anti-inflammatory
and immunomodulatory effects [62, 63]. The anti-inflammatory effect of IN is
thought to be due to inhibition of TNF-«, interleukin (IL)-1 and -6, and NF-kB, as
well as promotion of IL-22 production [64]. Clinical studies have shown promis-
ing results with Indigo Naturalis in the attenuation of UC. A study by Yokote et al.
demonstrated that treatment with Indigo Naturalis confers resistance to ferroptosis
in cells, thereby protecting the intestinal epithelium [65]. Kawai et al. demonstrated
that Indigo Naturalis ameliorated murine colitis through the activation of AhR signal-
ing [66]. Li et al. demonstrated that Indirubin, a component of Indigo Naturalis,
significantly mitigated DSS-induced weight loss in UC mice, improved colon
length, and altered the expression of various pro-inflammatory factors, including
TNF-a, IL-6, IFN-y, COX-2, iNOS, and MPO activity [67]. In an RCT conducted by
Naganuma et al. Indigo Naturalis increased the expression of proteins and cytokines
related to colonic mucosal repair while decreasing myeloperoxidase activity and
inflammatory cytokine expression in rat models of colitis induced by dextran sodium
sulfate [68]. A small, open-label pilot study by Wang et al. found that patients treated
with Indigo Naturalis experienced significant improvements in clinical symptoms
and endoscopic scores (Table 5) [69].

Author Year Typeofstudy  Study design Primary Results
outcome

Andrographis paniculata

Sandborn 2013 Randomized Multicenter RCT; Clinical HMPL-004 showed
etal. controlled trial ~ HMPL-004 vs. remission, similar efficacy to
5-ASA endoscopic mesalamine in reducing
remission disease activity in
patients with UC
Michelsen 2013 Animal study MC-induced colitis ~ Inflammatory HMPL-004
etal. in mice; HMPL-004  cytokine downregulated pro-
treatment expression inflammatory cytokines
TNF-q, IL-1p, IFN-y,
and IL-22
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Author Year Typeofstudy  Study design Primary Results
outcome
Gaoetal. 2018 Animal study DSS-induced Body weight, Andrographolide
colitis in mice; colon length, DAI  reduced body weight
andrographolide loss, colon length
treatment shortening, and DAIin
colitis-induced mice
Indigo Naturalis
Lietal. 2014 Animal study DSS-induced colitis ~ Body weight, Mitigated weight loss,
in mice; Indirubin colon length, improved colon length,
component inflammatory and reduced pro-
markers inflammatory factors in
UC mice
Wangetal. 2017 Open-label UC patients; Indigo ~ Clinical Clinical symptoms,
pilot study Naturalis treatment ~ symptoms, endoscopic scores
endoscopic scores
Kawaietal. 2017 Animal study Murine colitis AhR signaling Ameliorated murine
model; Indigo activation colitis through activation
Naturalis treatment of AhR signaling
Naganuma 2018 Randomized DSS-induced colitis ~ Mucosal repair, Increased mucosal repair
etal. controlled trial  in rats; Indigo cytokine proteins, decreased
Naturalis vs. placebo  expression, MPO  MPO activity, and
activity inflammatory cytokines
Yokoteetal. 2023 In vitro study Indigo Naturalis Ferroptosis Shielded the intestinal
treatment resistance epithelial cells by
conferring resistance to
ferroptosis
Tables.

Summary of evidence on the effects of herbal supplementation in UC patients.

2.6 Other botanical remedies

2.6.1 Artemisia absinthium (worm wood)

Artemisia absinthium, commonly known as wormwood, is an herb traditionally
used in herbal medicine for its anti-inflammatory and antimicrobial properties
[70]. Recent interest has focused on its potential benefits in managing ulcerative
colitis (UC). Studies suggest that the bioactive compounds in wormwood, particu-
larly artemisinin and its derivatives, may help reduce inflammation by modulating
immune responses and inhibiting pro-inflammatory cytokines such as tumor necrosis
factor-alpha (TNF-a) [71, 72]. These properties make Artemisia absinthium a promis-
ing adjunctive therapy in UC, potentially aiding in symptom reduction and improv-
ing the quality of life for patients. Two randomized controlled trials (RCTs) have
provided promising insights into its efficacy [73, 74]. In the first trial, 20 patients with
ulcerative colitis were assigned to receive standard treatment or standard treatment
supplemented with Artemisia absinthium over 6 weeks. The group receiving worm-
wood showed a significant reduction in disease activity and associated symptoms,
including a marked decrease in depressive symptoms and an improvement in overall
quality of life, which was insignificant in the control groups. Moreover, a significant
reduction in the levels of tumor necrosis factor-alpha (TNF-a), a pro-inflammatory
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cytokine, was observed in the wormwood group, indicating a potential anti-inflam-
matory effect [75]. The second study by Omer et al. focused on the effects of worm-
wood in conjunction with a tapering regimen of steroids or prednisolone in ulcerative
colitis patients. This study followed 40 patients over 20 weeks, assessing outcomes
such as symptom severity, quality of life, depression, and subjective well-being. The
wormwood group experienced a significant reduction in symptoms at Weeks 6, 8, and
20, and reported improved well-being at Weeks 8, 10, and 12. These findings suggest
that wormwood may help reduce dependence on steroid medications while improving
patient well-being [74].

2.6.2 Boswellia serrata

Boswellia serrata, also known as Indian frankincense, is a resinous plant known for
its potent anti-inflammatory properties, attributed to compounds called boswellic
acids [76]. Boswellic acid, the major constituent of Boswellia, was shown to inhibit
NF-kB signaling pathways in macrophages in a mouse model of psoriasis, markedly
decreasing the production of the pro-inflammatory cytokines TNF-a, and the che-
mokine MCP-1 [77]. In addition, Stanke-Labesque et al. performed in vitro studies
and animal models and demonstrated that boswellic acid inhibits 5-lipoxygenase
selectively and has anti-inflammatory and anti-proliferative effects [78]. A study by
Siemoneit et al. has shown that the action of boswellic acid is likely through mecha-
nisms other than the inhibition of prostaglandin synthesis [79]. In a randomized
controlled trial conducted by Gupta et al., Boswellia servata extract demonstrated
efficacy comparable to sulfasalazine, a standard treatment for UC, in maintaining
remission. Patients receiving Boswellia experienced significant improvements in
symptoms, suggesting it is a potential therapeutic option for UC [80].

2.6.3 Aloe vera

Aloe vera is a succulent plant known for its healing and anti-inflammatory prop-
erties. It is commonly used in treating various skin conditions and has also been
explored for gastrointestinal disorders [81]. Langmead et al. conducted a randomized
double-blind study involving patients with active UC and found that aloe vera gel
significantly improved clinical response and remission rates compared to placebo.
Nine (30%), eleven (37%), and fourteen (47%), respectively, of the thirty patients
who received aloe vera experienced clinical remission, improvement, and response.
In contrast, one (7%), one (7%), and two (14%; P < 0.05) of the fourteen patients
who received a placebo experienced these comparable outcomes (using a 2:1 A. vera:
placebo randomization schedule). During treatment with A. vera, but not with a
placebo, there was a significant decrease in the Simple Clinical Colitis Activity Index
and histological scores [82]. Another study by Bahrami et al. in acetic acid-induced
UC rats pretreated with a 50 mg/kg dose of aloe vera showed reduced inflammation,
ulcers, and tissue damage compared with the negative control [83]. The study high-
lighted aloe vera’s potential as a complementary treatment, particularly for its sooth-
ing and anti-inflammatory effects on the gut mucosa.

2.6.4 Germinated barley

Germinated barley is a dietary supplement high in dietary fiber, which helps
modulate gut flora and reduce inflammation. A clinical trial demonstrated that
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supplementation with germinated barley could reduce UC symptoms and promote
mucosal healing [84, 85]. Patients in the study showed improvements in stool con-
sistency and frequency, indicating its potential as a supportive therapy for UC [86].
The germinated barley, when given alongside the standard therapy for a group of UC
patients, showed a significant decrease in the usage of corticosteroids after 3 months
of this therapy, and after 12 months, the severity of clinical symptoms and the recur-
rence rate of UC in patients who achieved remission were significantly lower in the
intervention group compared to the control group [87].

2.6.5 Wheatgrass juice (Triticum aestivum,)

Wheatgrass juice is derived from the young shoots of the wheat plant. It is rich in
chlorophyll, antioxidants, vitamins, and minerals and is believed to have detoxifying
and anti-inflammatory properties [30]. A pilot study assessing the effects of wheatgrass
juice in patients with active UC found that it reduced rectal bleeding, abdominal pain,
and disease severity. The study suggested that wheatgrass juice might have a beneficial
role in managing UC symptoms, although more extensive research is needed [88].

2.6.6 Chamomile

Chamonmile is an herb known for its calming effects and anti-inflammatory proper-
ties. It is commonly used in herbal teas and traditional medicine [89]. With volatile acids,
flavon glycosides, and hydroxycumarines as their primary constituents, the dry extract
of chamomile flowers has anti-inflammatory, antibacterial, spasmolytic, and ulcer-
protective properties [90]. Chamomile extract has been studied for its potential benefits
in UC. A study by Menghini et al. in the LPS-induced acute colitis in rats pretreated with
chamomile extract has shown a significant reduction in the production of MPO, IL-6,
NF-kB, TNF-a, and PGE,, which is as effective as sulfasalazine (Table 6) [91].

Author Year Typeofstudy  Study design Primary Results
outcome
Artemisia absinthium (worm wood)
Omeretal. 2007 Clinical Trial Wormwood with Reduction in 65% remission in the
(20 weeks) tapering steroids ~ symptom severity ~ wormwood group
inUC at Weeks 6, 8, 20. (90% improvement),
steroid-sparing effect;
improvement in mood
and reduction in steroid
dependency
Krebsetal. 2010 Clinical Trial Wormwood Reduction in Moderate decrease in blood
(6 weeks) supplementation disease activity pressure (P < 0.002) with
inUC and reduction in stable renal function
TNF-« levels
Boswellia servata
Gupta 2001 Randomized UC patients Efficacy in Boswellia serrata extract
etal. controlled (Boswellia vs. maintaining UC showed comparable
trial (RCT) sulfasalazine) remission efficacy to sulfasalazine

in maintaining remission,
with significant symptom
improvements in patients
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Author Year Typeofstudy  Study design Primary Results
outcome
Labesque 2008 Animal Comparison of Inhibition of LTE, urinary excretion was
etal. models LTE, excretionin  5-lipoxygenase, significantly higher in UC
IBD patients vs. anti- patients than in controls
controls inflammatory (P < 0.01), and boswellic
effects acid selectively inhibited
5-lipoxygenase, showing
anti-inflammatory
and anti-proliferative
properties
Siemoneit 2011 Invitro Anti- Identification p-Boswellic acid (1 mg/
etal. models inflammatory of mPGES1 kg i.p.) reduced mouse
effects of asa boswellic paw edema and PGE, levels
boswellic acids acid-interacting and the p-BA inhibited
protein lipopolysaccharide-
induced PGE, biosynthesis
without affecting other
COX-derived metabolites
Aloe vera
Langmead 2004 Randomized 44 patients with Clinical response Aloe vera gel significantly
etal. double-blind active UC (21A.  and remission improved remission
study vera) rates (30%), improvement
(37%), and clinical
response (47%) compared
to placebo (P < 0.05)
Bahrami 2020 Animal study Rats pretreated Reduction in Aloe vera reduced
etal. (acetic acid- with 50 mg/kg inflammation, inflammation, ulcers,
induced UCin  Aloe vera ulceration, and and tissue damage
rats) tissue damage in UC-induced rats,
demonstrating anti-
inflammatory effects on
the gut mucosa
Germinated barley
Kanauchi 2003 Clinical trial Long-term Symptom Significant decrease in
etal. efficacy of GB alleviation in UC clinical activity index
patients (p < 0.05), reduction in
visible blood in stools,
and promote mucosal
healing
Hanai 2004 Randomized UC patients Corticosteroid Significant decrease in
etal. controlled (intervention usage, clinical corticosteroid usage after
study and control) symptom 3 months. After 12 months,
severity, UC patients in the intervention
recurrence group had lower symptom

severity and recurrence
rates

Wheatgrass juice (Triticum aestivum)

Aryeetal. 2002

Pilot Clinical
Study

Effects of
wheatgrass juice
onUC

Decrease in
abdominal pain

Wheatgrass juice reduced
rectal bleeding in
patients with active UC.
Improvement in overall
disease severity was
observed
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Author Year Typeofstudy  Study design Primary Results
outcome
Chamomile
Menghini 2016 Animalmodel ~ Chamomile vs. Reduction in Significant reduction in
etal. sulfasalazine myeloperoxidase MPO production observed,
comparison (MPO) levels significant decrease in

IL-6, TNF-a, and NF-kB
levels, and as effective as
sulfasalazine in reducing
inflammation

Table 6.
Summary of evidence on the effects of other botanical remedies in UC patients.

3. Conclusions

Complementary therapies offer promising adjunctive treatments for ulcerative
colitis (UC), addressing the limitations of conventional therapies. Probiotics and pre-
biotics induce remission in mild-to-moderate UC and maintain remission. The anti-
inflammatory and immunomodulatory properties of curcumin have demonstrated
the potential to induce and maintain remission, especially in patients unresponsive to
conventional treatments. Fish oil, rich in omega-3 fatty acids, is effective in protect-
ing the intestinal mucosa. Chinese herbal medicines, such as Andrographis paniculata
and Indigo Naturalis, along with other botanical remedies like Artemisia absinthium,
Boswellia servata, Aloe vera, germinated barley foodstuff, wheatgrass juice, and
chamomile, have shown varying degrees of efficacy in clinical studies. The clinical
evidence for these complementary therapies highlights their potential in managing
UC, particularly for patients seeking alternatives to conventional treatments.

To fully harness the potential of complementary therapies for ulcerative colitis
(UC), future research must prioritize large-scale randomized controlled trials to
establish efficacy and safety conclusively. Detailed mechanistic studies are needed
to uncover the biological pathways through which these therapies exert their effects.
Developing standardized treatment protocols, including precise dosages and admin-
istration guidelines, will facilitate their integration into conventional clinical practice.
Personalized medicine approaches should be explored to tailor treatments based on
individual patient profiles, optimizing therapeutic outcomes. Additionally, fostering
interdisciplinary collaboration and increasing funding for research in this area will
accelerate the translation of promising findings into clinical applications, ultimately
enhancing patient care and expanding the therapeutic arsenal for UC.
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