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Abstract

Ulcerative colitis is a chronic inflammatory disease affecting the colon, and its incidence is rising
worldwide. The pathogenesis is multifactorial, involving genetic predisposition, epithelial barrier
defects, dysregulated immune responses, and environmental factors. Patients with ulcerative colitis
have mucosal inflammation starting in the rectum that can extend continuously to proximal
segments of the colon. Ulcerative colitis usually presents with bloody diarrhoea and is diagnosed
by colonoscopy and histological findings. The aim of management is to induce and then maintain
remission, defined as resolution of symptoms and endoscopic healing. Treatments for ulcerative
colitis include 5-aminosalicylic acid drugs, steroids, and immunosuppressants. Some patients can
require colectomy for medically refractory disease or to treat colonic neoplasia. The therapeutic
armamentarium for ulcerative colitis is expanding, and the number of drugs with new targets will
rapidly increase in coming years.
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Introduction

Ulcerative colitis is a chronic, idiopathic inflammatory disease that affects the colon, most
commonly affiicting adults aged 30—40 years and resulting in disability.12 It is characterised
by relapsing and remitting mucosal inflammation, starting in the rectum and extending to
proximal segments of the colon. The aim of therapy is to induce and maintain clinical and
endoscopic remission.3 Aminosalicylates are the main choice of treatment for mild to
moderate ulcerative colitis, topical and systemic steroids can be used to treat ulcerative
colitis flares, while immunosuppressants and biological drugs are used in moderate to severe
disease. Colectomy is needed in up to 15% of patients with ulcerative colitis.# The annual
direct and indirect costs related to ulcerative colitis are estimated to be as high as €12.5-29.1
billion in Europe and US$8.1-14.9 billion in the USA.5

Epidemiology

No sex predominance exists in ulcerative colitis.®~8 The peak age of disease onset is

between ages 30 years and 40 years.”? The incidence and prevalence of ulcerative colitis
have been increasing over time worldwide (figure 1).1° The highest incidences of ulcerative
colitis have been reported in northern Europe (24.3 per 100 000), Canada (19.2 per 100
000), and Australia (17.4 per 100 000).6:10.11 prevalence rates are highest in Europe (505 per
100 000), Canada (248 per 100 000), and the USA (214 per 100 000).7:10.12.13 Wjthin
Europe, there appears to be differences in ulcerative colitis incidence, with countries located
in the western and northern regions having higher incidences than eastern countries.4 The
risk of developing ulcerative colitis in children of migrants from low-incidence to high-
incidence countries is similar to non-immigrants.1>-17 Less data is available from developing
countries; however, recognition of ulcerative colitis is increasing in Asia, the Middle East,
and South America 18-21

Risk factors

8-14% of patients with ulcerative colitis have a family history of inflammatory bowel
disease and first-degree relatives have four times the risk of developing the disease.22:23
Jewish populations have higher rates of ulcerative colitis than other ethnicities.242
Genome-wide association studies have identified 200 risk loci for inflammatory bowel
disease to date, with most genes contributing to both ulcerative colitis and Crohn’s disease
phenotypes.26:27 Examples of loci associated with increased ulcerative colitis susceptibility
include human leukocyte antigen and genes associated with barrier function, such as
HNF4A and CDH1.2728 However, genetics only explain 7.5% of disease variance, have
little predictive capacity for phenotype, and currently are of limited clinical use.27:28

The rising incidence of ulcerative colitis worldwide suggests the importance of
environmental factors in its development. Former cigarette smoking is one of the strongest
risk factors associated with ulcerative colitis (odds ratio [OR] 1.79, 95% CI 1.37-2.34),
while active smokers are less likely to develop ulcerative colitis compared with former and
non-smokers (OR 0.58, 95% CI 0.45-0.75) and have a milder disease course.2429-32
Appendectomy appears to confer a protective effect against developing ulcerative colitis,
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especially when done for acute appendicitis in young patients.33 Patients newly diagnosed
with ulcerative colitis are more likely than matched controls to have a history of
gastroenteritis.343% Drugs, such as oral contraceptives, hormone replacement therapy, and
non-steroidal anti-inflammatory drugs, have all been associated with an increased risk of
ulcerative colitis, while antibiotic exposure has not.36-42 Breastfeeding appears to decrease
the risk of ulcerative colitis, while urban living can increase the risk.#344 Certain ulcerative
colitis risk factors that are significant in developed countries might not have the same effect
in developing Asian or Middle Eastern populations. For example, smoking might not have as
strong an effect, appendectomy does not appear to decrease risk, and antibiotics have been
found to be protective when comparing developed countries with developing Asian or
Middle Eastern countries.?%41 Pooled data from 11 European prospective studies did not
find an association between stress and new onset ulcerative colitis.*®

Pathophysiology

Although existing literature often describes the pathogenesis of ulcerative colitis alongside
that of Crohn’s disease, important differences exist. Overview of the intestinal immune
system in the healthy state and during ulcerative colitis is shown in figure 2. Colonic
epithelial cells (colonocytes), and mucous barrier and epithelial barrier defects are strongly
implicated in the pathogenesis of ulcerative colitis. The expression of peroxisome
proliferator-activated receptor gamma (PPAR-vy), a negative regulator of NF-xB-dependent
inflammation, is reduced in the colonocytes of patients with ulcerative colitis, suggesting a
causal link.46:47 Existing PPAR-vy agonists are restricted by cardiac and metabolic toxicity.
However, novel 5-aminosalicylic acid (5-ASA) analogues with greater PPAR-y agonistic
activity are being developed.*8 Autoantibodies against colonocyte-associated tropomyosins
have been described in ulcerative colitis,*® but conclusive evidence classifying ulcerative
colitis as an autoantibody-mediated disease is scarce. Colonocyte-associated defects within
XBP1, a key component of the endoplasmic reticulum stress response pathway, have been
reported in ulcerative colitis.>0

Alterations in trefoil factors, a family of goblet cell-derived proteins that are produced in
response to mucosal injury and contribute to the integrity of the mucosal barrier, have been
described in patients with ulcerative colitis.>1>2 The contention that barrier function defects
are the primary drivers of disease is supported by the fact that patients with active ulcerative
colitis have depleted colonic goblet cells and a permeable mucus barrier.53

Dysbiosis is seen in patients with ulcerative colitis, although to a lesser degree than in
patients with Crohn’s disease.>* Decreased biodiversity, with a lower proportion of
Firmicutes and increased Gamma-proteobacteria and Enterobacteriaceae, has been reported
in patients with ulterative colitis.>® Additionally, patients with the disease have increased
sulphite-reducing Deltaproteobacteria in the colon.>® However, it is unclear if dysbiosis is
the cause or effect of mucosal inflammation.

The expression levels of Toll-like receptors 2 (7LR2) and TLR4 are increased in colonocytes
and the lamina propria in active ulcerative colitis, although it is unclear if the increase in
expression is a cause or consequence of mucosal inflammation.>’ Similarly, 7LR4
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polymorphisms have been reported in patients with ulcerative colitis and Crohn’s disease but
their implications for disease pathogenesis are unclear.%8 Activated neutrophils accumulate
in the blood and colonic tissue of patients with active ulcerative colitis compared with
normal volunteers.>® Dendritic cells in patients with ulcerative colitis have enhanced
expression of costimulatory molecules and are likely to be first responders in the setting of a
breach in barrier integrity.50

Innate lymphoid cells (ILCs) might be central in the pathogenesis of inflammatory bowel
disease. ILC3 are major mediators of chronic intestinal inflammation.6! Furthermore, ILCs
isolated from patients with active ulcerative colitis show increased gene expression of key
ILC3 cytokines (/L17A and /L22), transcription factors (RORC and AHR), and cytokine
receptors (including /L 23R).52 The possibility that ILCs might be drivers of disease
pathogenesis has led to a number of potential novel therapeutic targets.

Although elevated IgM, IgA, and 1gG concentrations are reported in inflammatory bowel
disease, there is a disproportionate increase in IgG1 antibodies in patients with ulcerative
colitis. It is not known whether B cells are drivers of disease pathogenesis or merely
responsive to barrier disruption.

Current evidence implicates both innate and adaptive cellular immunity as key to disease
pathogenesis. Earlier evidence suggested that ulcerative colitis is a modified T-helper-2
(Th2) disease, while Crohn’s disease is Thl driven. In support, colonic lamina propria cells
from patients with ulcerative colitis were found to contain Th2-polarised T cells that
produce interleukin-5 (IL-5).63 Additionally, /-4 and /L-13mRNA levels were significantly
increased in rectal biopsies from patients with ulcerative colitis compared with patients in
the control group.84 Subsequent data have further implicated IL-13 in the pathogenesis of
ulcerative colitis. 1L-13, produced by non-classical natural killer T cells (perhaps a member
of the ILC family), is a key mediator of epithelial cytotoxicity and barrier dysfunction in
ulcerative colitis.65:66

Extending the T-helper Th1/Th2 paradigm for Crohn’s disease versus ulcerative colitis, data
from 2014 show that a novel population of CD4-positive Th cells, which produce IL-9, are
identified by the transcription factor PU.1 and contribute to the development of ulcerative
colitis.6” Th9 cells develop after undifferentiated Th (ThO) cells encounter MHC class I1-
antigen complexes in the presence of the cytokines transforming growth factor-g and IL-4.
IL-9 produced by Th9 cells inhibits cellular proliferation and repair, and has a negative
effect on intestinal barrier function. Additionally, IL-9 modestly but significantly increases
tissue concentrations of tumour necrosis factor-a. (TNF-a).

Naive lymphocytes are imprinted during activation with specific trafficking programmes.
Dendritic cells play a central part in this process by integrating environmental cues and
inducing expression of specific integrins and chemokine receptors. For example, dendritic
cells residing in Peyer’s patches or small bowel draining lymph nodes metabolise vitamin A
to produce retinoic acid and induce the expression of integrin a4p7 and CCR9 on T and B
lymphocytes. Therefore, imprinted cells enter into circulation, and upon re-entering the gut
vasculature they engage their respective ligands—MAdCAM-1 (for a4p7) and CCL25 (for
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CCR9). While defects in mucosal homing have not yet been shown in patients with
ulcerative colitis, therapeutic strategies targeting a4p7 interaction with MAJCAM have
become major tools in the management of ulcerative colitis.58

Clinical presentation and differential diagnosis

Ulcerative colitis is a chronic disease affecting the colonic mucosa that most commonly
presents with blood in the stool and diarrhoea. Up to 15% of patients can initially present
with severe disease.®® Symptoms can include urgency, incontinence, fatigue, increased
frequency of bowel movements, mucus discharge, nocturnal defecations, and abdominal
discomfort (cramps), although abdominal pain tends to be less of a hallmark feature than in
Crohn’s disease.’® Fevers and weight loss can also be present in severe disease. Ulcerative
colitis is classified by the extent of colonic involvement (figure 3).”1 Clinical presentation
might vary on the basis of disease extent. Patients with proctitis might predominantly have
urgency and tenesmus (sensation of incomplete evacuation), while in pancolitis, bloody
diarrhoea and abdominal pain might be more prominent. Up to 10% of patients with proctitis
or left-sided colitis can suffer from paradoxical constipation. Physical examination might
reveal signs of anaemia, abdominal tenderness, and blood on rectal exam. Abdominal
distention and tympany on percussion might indicate colonic dilatation, requiring prompt
radiological assessment. Patients with ulcerative colitis might have anal fissures or skin tags
due to irritation from diarrhoea, but the presence of anal or perianal fistulas should raise
suspicion for Crohn’s disease. Clostridium diffi cile is an important precipitant of flares and
is associated with an increased risk of surgery and mortality, and should be ruled out at
diagnosis and flare-ups.”273 The panel lists the differential diagnoses.

Extraintestinal manifestations can occur in about a third of patients with ulcerative colitis,
and up to a quarter might have extraintestinal manifestations before inflammatory bowel
disease diagnosis (appendix p 6).7>:7¢ Peripheral arthritis appears to be the most common
extraintestinal manifestation; primary sclerosing cholangitis and pyoderma gangrenosum are
more common in ulcerative colitis than in Crohn’s disease.”®7 The risk of venous
thromboembolism in patients with inflammatory bowel disease is increased three to four
times, and is greater when the patient is admitted with a flare or being treated with
corticosteroids.”’-80 Clinicians should have a high index of suspicion for venous
thromboembolism, and hospitalised patients with ulcerative colitis should be prescribed
venous thromboembolism prophylaxis.82

Diagnostic investigations

The diagnosis of ulcerative colitis is based on a combination of symptoms, endoscopic
findings, histology, and the absence of alternative diagnoses.59:82 All patients with possible
ulcerative colitis should have stool assessments (stool culture and Clostridium difficile
assay) to rule out enteric superimposed infections. Patients might have anaemia, iron
deficiency, leucocytosis, or thrombocytosis. Hypoalbuminaemia can be observed in severe
disease, in which it is a predictor of colectomy and poor response to biological drugs.83.84
Markers of inflammation, such as ESR and C-reactive protein, can be elevated (severe
ulcerative colitis) or normal (mild to moderate disease). Perinuclear antineutrophil
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cytoplasmic antibodies can be elevated in ulcerative colitis, but are non-specific and have
low sensitivity (0.55%, 95% CI 0.53-0.58) so are not recommended as a diagnostic test.
69,71,82,.85 Non-invasive stool biomarkers are more specific for intestinal inflammation.86
Fecal calprotectin, a protein detectable in stool that correlates with increased neutrophils in
the intestine, can be helpful in ruling out inflammatory bowel disease, since patients with
low fecal calprotectin have a less than 1% chance of having inflammatory bowel disease.
86-88 However, fecal calprotectin does not distinguish between various causes of intestinal
inflammation so cannot be used as a definitive diagnostic tool in ulcerative colitis.%®

Endoscopy with biopsies is the only way to establish the diagnosis of ulcerative colitis.
Colonoscopy with intubation of the terminal ileum is recommended for patients with
suspected inflammatory bowel disease. Classic endoscopic findings in ulcerative colitis
include erythema, loss of normal vascular pattern, granularity, erosions, friability, bleeding,
and ulcerations (appendix p 17).82:89 The disease generally begins in the rectum, extending
proximally in a continuous, circumferential pattern. Rectal sparing or patchy disease can be
the result of topical or systemic medications and should not necessarily be interpreted as
evidence of Crohn’s disease.?9 Mucosal inflammation often has a clear demarcation between
inflamed and normal mucosa, although histological inflammation can be found in normal
appearing mucosa.82:89 Ulcers in ulcerative colitis are always associated with mucosal
inflammation in contrast with Crohn’s disease, in which the surrounding mucosa can appear
uninflamed.%9 Up to 75% of patients with ulcerative colitis with distal disease also have an
isolated area of inflammation around the appendiceal orifice, commonly known as a cecal
patch.?1:92 Up to 20% of patients with pancolitis can have mild inflammatory changes in the
terminal ileum called backwash ileitis.8%:93 Ileitis that is severe or seen in the absence of
pancolitis should raise suspicion of Crohn’s disease. An esophagogastroduodenoscopy
should be performed in patients with symptoms of upper tract involvement to rule out
Crohn’s disease.9 At least two biopsies should be taken from six different areas (terminal
ileum, ascending, transverse, descending, sigmoid colon, and rectum), including normal
appearing areas, since inflammatory changes could become evident on microscopy.8°
Suggestive histological findings include distortion of crypt architecture, crypt shortening,
increased lymphocytes and plasma cells in the lamina propria (basal plasmacytosis), mucin
depletion, and paneth cell metaplasia (appendix p 18).8294 Generally, imaging studies are of
limited use in establishing the diagnosis. In patients with acute severe ulcerative colitis,
assessment for toxic megacolon (defined as mid-transverse colon dilation >5.5 cm) should
be performed with a plain upright abdominal film.9> CT and MRI might show a thickened,
ahaustral colon, but are not sensitive or specific enough to be diagnostic tools.9

Disease severity assessment

Determining the severity and extent of ulcerative colitis is important for selecting the most
appropriate treatment. Disease severity is typically classified as remission, mild, moderate,
or severe. Numerous ulcerative colitis severity indices exist, but of the more commonly used
are the Mayo score, Lichtiger score, and Simple Clinical Colitis Activity Index (appendix p
6).69.96-98 Endoscopy is essential in assessing disease severity since endoscopic healing is
associated with improved remission rates and decreased risk of colectomy.®° Frequently
used endoscopic ulcerative colitis scores include the endoscopy subscore of the Mayo score
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and the Ulcerative Colitis Endoscopic Index of severity (appendix p 9).96-100 Additionally,
histological disease activity can be classified on the basis of histological scores such as the
Robarts Histopathology index or Nancy index (appendix p 19).101.102 yicerative colitis
severity scores account for disease activity at a single timepoint and do not take into account
the entirety of the effect of ulcerative colitis. There is, therefore, a push to redefine disease
severity using composite criteria that incorporate (1) disease effect on patient symptoms,
quality of life, and disability; (2) measureable inflammatory burden using objective markers
of disease activity and extent; and (3) disease course, including structural damage, number
of flares, and extraintestinal manifestations.103

Natural history

At presentation, 30-60% of patients with ulcerative colitis have proctitis, 16-45% have left-
sided colitis, and 14-35% have extensive pancolitis in population-based studies (figure 3).4
Ulcerative colitis can progress proximally in 10-19% of patients after 5 years, and in up to
28% of patients at 10 years.* Most patients with ulcerative colitis have a relapsing and
remitting disease course with periodic flares.” When ulcerative colitis flares are associated
with proximal disease extension, patients are more likely to need immunosuppressants,
biological drugs, or surgery.104105 Age of onset appears to affect the disease course, since
patients with disease onset after age 60 years tend to have milder disease compared with
younger patients.196 Primary sclerosing cholangitis-associated ulcerative colitis could be a
distinct phenotype, because it is more likely to be extensive, milder, and associated with
rectal sparing and so-called backwash ileitis compared with patients with ulcerative colitis
without primary sclerosing cholangitis.197 Risk factors for aggressive or complicated disease
include a younger age at onset (<40 years), pancolitis, lack of endoscopic healing while in
clinical remission, deep ulcerations, and high concentrations of perinuclear antineutrophil
cytoplasmic antibodies.194 A small number of patients (5-10%) initially classified with
ulcerative colitis might eventually have their diagnosis changed to Crohn’s disease.” Patients
with ulcerative colitis can develop structural and functional damage to the colon, including
benign strictures, colonic dysmotility, and anorectal dysfunction.? Patients with the disease
are at increased risk of colorectal cancer, but over time this risk has decreased and might be
approaching the general population; however, the risk remains elevated in certain
populations, such as those with long duration of disease, primary sclerosing cholangitis, and
uncontrolled inflammation.198.109 The risk for surgery in ulcerative colitis has decreased
over past decades, but is still substantial with the chance of needing surgery at 5 years being
11.6%, and at 10 years being 15.6%.110 Risk factors for colectomy have been incorporated
into a prediction model that includes age less than 40 years at diagnosis, extensive disease,
need for systemic steroids, and elevated inflammatory markers.111 Patients with ulcerative
colitis do not appear to have an overall increased mortality compared with the general
population, but are more likely to have a disability preventing them from working.1:112.113

Management

The primary aim of medical management is to induce and maintain remission with the long-
term goals of preventing disability, colectomy, and colorectal cancer. Targets for remission
include resolution of clinical symptoms, defined as cessation of rectal bleeding and
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improvement in bowel habits, and endoscopic healing, which is frequently defined as an
endoscopic Mayo score of zero or one.3114 Patient symptoms and physician assessment can
fail to correlate with the endoscopic activity of ulcerative colitis.115-117 It is important to
directly assess mucosal and histological inflammation with colonoscopy, since endoscopic
healing has been shown to greatly improve long-term clinical remission, decrease risk of
colectomy, and limit corticosteroid use.® The selection of medications is guided by disease
severity and extent. A rapid step-up approach based on ulcerative colitis severity and
treatment response while closely monitoring intestinal inflammation is recommended (figure
4, appendix). Early use of biological drugs should be considered in patients admitted to
hospital with acute severe ulcerative colitis, as well as in steroid-refractory ulcerative colitis.
Once remission is induced, medications can be continued or added to maintain remission.
Disease extent can help inform therapeutic choices because patients with proctitis might
only require topical therapy, such as suppositories, whereas patients with more extensive

disease benefit from systemic therapy. Several guidelines are available to guide decision
making.82:114.118

Mild to moderate disease

First-line therapy in mild to moderate disease is the 5-ASA drugs, which can be
administered as suppositories, enemas, or oral formulations (figure 4). There does not appear
to be any difference in efficacy or safety between different 5-ASA formulations.119
Sulfasalazine, which is metabolised to 5-ASA, appears to have similar efficacy to 5-ASA
drugs, but tends to be less well tolerated.114 Patients with proctitis should be treated initially
with 5-ASA suppositories since they directly target the site of inflammation and appear to be
more effective than oral 5-ASA.114.118.120 | Jeft-sided colitis, 5-ASA should be
administered as an enema instead of a suppository in order to reach the splenic flexure. For
patients with left-sided or extensive disease, it is recommended that oral 5-ASA be used in
combination with topical 5-ASA to induce remission.114.118 Oral 5-ASA doses of 2 g or
higher per day are more effective than lower doses at inducing and maintaining remission.
121-123 5 ASA can be started at a dose of 2.0-2.4 g per day and increased up to 4.8 g, if
needed.114.123 Dosing of 5-ASA once a day has similar efficacy to divided doses and could
increase adherence.114.123 patients typically see a response within 14 days, but this response
might take up to 8 weeks for symptomatic remission.114 5-ASA drugs have also been shown
to be effective at maintaining remission, and patients who achieve remission with 5-ASA
should continue on the same medication.114

Patients who do not respond or do not achieve remission on 5-ASA drugs can be treated
with corticosteroids. Rectal corticosteroids can be tried as a second-line add-on therapy to
induce remission in proctitis or left-sided ulcerative colitis. Topical 5-ASA is superior to
topical corticosteroids at inducing remission (OR 2.01, 95% CI 1.41-2.88).114 However,
clinical and endoscopic improvement could be higher when combining rectal 5-ASA and
corticosteroids.124 Additionally, rectal corticosteroids can be administered as foam
formulations that are often better tolerated than enemas by patients with active distal
ulcerative colitis.114 Oral corticosteroids are needed to induce remission in patients with
mild to moderate disease who are not benefiting from 5-ASA treatment. Oral steroids with
minimal systemic activity (due to high first-pass liver metabolism) such as budesonide-
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multimatrix and prolonged release beclomethasone dipropionate are effective at inducing
remission in ulcerative colitis.}25-127 Given the lower risk for systemic side-effects, these
drugs should be considered as alternative first-line induction drugs for mild to moderate
ulcerative colitis, failing 5-ASA. Systemic glucocorticoids are effective at inducing
remission in ulcerative colitis with a number needed to treat of three.128 The typical starting
dose is 40-60 mg prednisone daily, or the equivalent oral steroid.82 Response should be seen
within 2 weeks and then steroids can be tapered. No defined tapering schedule exists, but a
common approach is to taper by 5-10 mg per week until reaching 20 mg, then decrease by
2.5-5 mg per week until completed.82118 Corticosteroids should not be used for
maintenance of remission because of a lack of long-term efficacy and risk of side-effects.114
If remission is achieved using corticosteroids, 5-ASA can be considered for maintenance in
patients with a mild flare who were recently diagnosed or are naive to 5-ASA. However,
patients with poor prognostic factors (young age of disease onset, extensive colitis, deep
ulcerations), who require two or more courses of steroids in a year or are unable to
effectively taper off steroids, should step-up therapy and start treatment with drugs such as
thiopurines or biological drugs (anti-TNF-a or anti-integrin therapy).114

severe disease

Patients with moderate to severe colitis should be managed with thiopurines or biological
drugs, or both (figure 5). Thiopurines (azathioprine or 6-mercaptopurine) can be used in
patients with steroid-dependent moderate to severe disease to maintain remission. Several
small studies'29:130 reported the modest efficacy of methotrexate in ulcerative colitis, but
results of a clinical trial'31 were mixed; therefore, its role in ulcerative colitis treatment is
still being investigated.

Anti-TNF-a drugs, such as infliximab, adalimumab, and golimumab, are effective at
inducing and maintaining remission in moderate to severe disease.132-135 |nfliximab can
also be used in patients admitted to hospital with severe ulcerative colitis and remains the
most widely used biological for ulcerative colitis.132:133 Azathioprine alone is less effective
than in combination with infliximab to achieve both clinical remission and endoscopic
healing, while the difference is statistically significant only for endoscopic healing between
azathioprine alone and infliximab monotherapy (SUCCESS trial).136

A new class of biological drugs, anti-adhesion molecule inhibitors, are now available.58
Vedolizumab blocks the gut-homing a4p7 integrin and is approved for moderate to severe
ulcerative colitis, refractory to standard medications. On the basis of efficacy and safety
data, vedolizumab could be considered as a first-line biological for ulcerative colitis. 137

Acute severe ulcerative colitis

Patients with acute severe ulcerative colitis, defined as six or more bloody bowel movements
per day and at least one of the following: pulse rate >90 beats per min, temperature >37.8°C,
haemoglobin count <10.5 g/dL, or ESR >30 mm/h, should be admitted to a tertiary care
centre.9 Acute severe ulcerative colitis is associated with significant morbidity and
mortality of approximately 1%.138 Patients are initially treated with intravenous
corticosteroids to which approximately 65% will respond.139 For patients not responding to
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intravenous corticosteroids within 3 to 5 days, rescue medical therapy with either ciclosporin
or infliximab can be attempted. Both drugs are equally efficacious in acute severe ulcerative
colitis. 140141 Delays in surgery can increase postoperative complications and mortality
increases significantly after 7 days.142:143 If there is no response to one of these drugs,
colectomy should be performed. Further discussion of acute severe ulcerative colitis is in the
appendix.

Absolute indications for surgery include uncontrolled haemorrhage, perforation, and
colorectal carcinoma or dysplastic lesions not amenable to endoscopic removal.82:144
Surgery is also indicated in refractory acute severe ulcerative colitis or medically refractory
disease.82 The most commonly performed surgery for ulcerative colitis is restorative
proctocolectomy with ileal pouch-anal anastomosis (IPAA). When surgery is emergent or
urgent, it is typically done in two or three stages starting with a subtotal colectomy and
creation of a temporary ileostomy (first stage) to decrease the risk of immediate
postoperative complications such as anastomotic leak or pelvic sepsis.14® The ileal pouch is
then created and anastomosed to the anal canal with a diverting ileostomy (second stage),
which is eventually taken down to restore intestinal continuity (third stage). IPAA surgery
should be done in high-volume referral centres where pouch failure rates are lower.146

Early postoperative complications following IPAA can occur in up to 33% of patients.14”
Excluding pouchitis, late complications, such as bowel obstructions and strictures, can occur
in as many as 30% of patients with pouch failure rates up to 5%.145146 A common concern
related to IPAA is decreased fertility and increased sexual dysfunction.148 Laparoscopic
restorative proctocolectomy with IPAA is associated with a significantly higher prevalence
of pregnancy than open surgery, and has a similar prevalence of infertility compared with
controls who had an appendectomy.149150 Up to 25% of men might experience erectile
dysfunction or retrograde ejaculation following IPAA, but satisfaction with sexual life might
not be different or could even improve following surgery because of the negative effects of
active ulcerative colitis on sexuality.1%1

Pouchitis is a non-specific inflammatory condition of the ileal pouch and is the most
commonly encountered postoperative issue following IPAA.152 Up to 46% of patients who
had IPAA will have at least one episode of pouchitis, showing that colectomy should not be
presented as a cure for ulcerative colitis.1>3 At baseline, patients can have four to seven daily
bowel movements, but pouchitis typically presents with increased frequency, urgency,
incontinence, or abdominal discomfort.153 Most episodes can be successfully treated by 2-4
weeks of ciprofloxacin (1000 mg daily) or metronidazole (20 mg/kg daily); one small
trial1®* suggested that ciprofloxacin could be more effective than metronidazole.1%2.154 10-
15% of patients can develop chronic pouchitis with frequent relapses or symptoms persisting
beyond 4 weeks of treatment.152 Patients might often have residual rectal tissue, referred to
as a rectal cuff, at the anastomosis between the ileum and anal canal. This area can become
inflamed leading to cuffitis, which, in contrast with pouchitis, typically presents with
bleeding and can usually be successfully treated with 5-ASA suppositories.152
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Treat to target, disease monitoring, and long-term management

The treatment strategy in ulcerative colitis has evolved into a treat to target approach, in
which patients are regularly assessed to ensure they are meeting strict targets for disease
control. The targets for ulcerative colitis are resolution of patient reported outcomes (rectal
bleeding and diarrhoea) and endoscopic remission.3 Given the importance of endoscopic
healing, the colon should be directly assessed 3—6 months following the initiation of a new
treatment.3 Flexible sigmoidoscopy is sufficient for assessing endoscopic healing.1%°
Patients should have a regular follow-up at a minimum of every 3 months until symptom
resolution, and then at least every 6-12 months with the goal of maintaining tight control.3
Once patients are in remission, non-invasive markers, such as fecal calprotectin, can be used
to monitor disease activity. In a post-hoc analysis of a clinical trial, 136 a fecal calprotectin
cutoff of 150 mg/kg was best for endoscopic remission (sensitivity of 0.79 and specificity of
0.75).

When patients have symptoms suggestive of an ulcerative colitis flare, infection should be
excluded and objective assessments, such as sigmoidoscopy, fecal calprotectin, or stool
lactoferrin should be done. Fecal calprotectin appears to have the highest sensitivity and
specificity for active inflammation.157:158 |f there is objective evidence of inflammation,
medications should be optimised by reviewing dosage, administration, and adherence.
Therapeutic drug monitoring can ensure adequate dosing. For example, patients given
azathioprine or 6-mercaptopurine can have the blood concentrations of the active metabolite,
6-thioguanine, checked to ensure an adequate therapeutic amount.1® Assessment of anti-
TNF-a drug concentrations can similarly be of clinical use (appendix p 21). Higher serum
concentrations of infliximab and adalimumab during induction and at trough are associated
with endoscopic healing and clinical remission.160.161 The results of a randomised trial
showed that dosing of infliximab based on a target trough of 3—7 uL/mL did not improve
remission at 1 year, but did lead to more efficient drug use and a decreased risk of relapse.
162 Additionally, assays for biological concentrations provide data on the development of
antidrug antibodies, which have been associated with decreased drug concentrations and loss
of response.163

The major elements of chronic care for patients with ulcerative colitis are colon cancer
surveillance and health maintenance. Patients with ulcerative colitis should undergo regular
surveillance colonoscopy to detect dysplasia and early cancer. Patients with extensive colitis
and left-sided disease should undergo a colonoscopy every 1-2 years starting 8 years after
diagnosis.82 Proctitis confers no increased risk of colorectal cancer so these patients should
follow standard colorectal cancer screening guidelines.8® The risk of colorectal cancer in
patients with ulcerative colitis and primary sclerosing cholangitis is up to five times greater
than other patients with the disease, so surveillance should begin at the time of diagnosis and
continue annually.164:165 Guidelines on surveillance vary among international societies
(appendix p 10). Dysplasia and neoplastic lesions in ulcerative colitis can often be non-
polypoid, flat, ill-defined, or multifocal, so a prevalent strategy has been to do four random
biopsies every 10 cm in the colon to increase detection of neoplasia.8% Enhanced
visualisation using chromo-endoscopy, by spraying the colon with methylene blue or indigo
carmine and doing targeted biopsies, is recommended by the SCENIC (Surveillance for
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Colorectal Endoscopic Neoplasia Detection and Management in Inflammatory Bowel
Disease Patients: International Consensus Recommendations) statement.144 Colectomy is
recommended if colorectal cancer or high-grade dysplasia that is not endoscopically
resectable is detected. Patients with multifocal low-grade dysplasia, dense pseudo-polyposis,
or strictures limiting effective surveillance might also require surgery.10°

Patients should have their vaccination status reviewed regularly. Live vaccines are
contraindicated while immunosuppressed.82 Annual influenza vaccine, tetanus and
diphtheria boosters, and pneumococcal vaccine every 5 years are recommended.168 Hepatitis
B status should be checked before initiating treatment with anti-TNF-a drugs and those who
are not immune should be vaccinated. Patients should be screened for osteoporosis if
exposed to at least 3 months of corticosteroids, are malnourished, or have typical risk factors
(postmenopausal women, family history, smoking). Thiopurines increase the risk of non-
melanoma skin cancer (hazard ratio 5.9, 95% CI 2.1-16.4) and biological drugs are
associated with increased rates of melanoma (OR 1.88, 95% CI 1.08-3.29).167-169 patjents
on these medications should limit sun exposure and have annual dermatological
assessments. A checklist for routine health maintenance and preventive care in inflammatory
bowel disease is available for reference (appendix p 13).

Future directions and controversies

The number of drugs modulating different disease pathways is expected to expand in the
near future. There are at least 27 new drugs for ulcerative colitis with either recently
completed or active trials.179 One example is the oral pan-janus kinase inhibitor tofacitinib,
which has shown higher rates of clinical remission than placebo in phase 2 studies.1’?
Etrolizumab, a subcutaneous monoclonal antibody that blocks the B7 subunit of the
heterodimeric integrins a4p7 and aER7 achieved higher clinical remission rates than
placebo in a phase 2 trial.1”2 An oral anti-a4 integrin therapy (AJM300) significantly
increased clinical remission and endoscopic healing in a phase 2 trial.1’3 An oral drug
inhibiting sphingosine-1-phosphate receptors that blocks lymphocyte egress from lymph
nodes has also shown efficacy.1’4 In a small trial of 5-ASA non-responders, curcumin
increased endoscopic remission in mild to moderate ulcerative colitis as an add-on therapy.
175 Biosimilar biological drugs should decrease the cost of therapy. Results from initial
studies with an infliximab biosimilar, CT-P13, have shown efficacy at inducing endoscopic
healing in ulcerative colitis.1’® However, immunogenicity and efficacy remains a concern
particularly in patients switching from the originator to the biosimilar.1’7

Studies on the efficacy of fecal microbiota transplantation (FMT) in ulcerative colitis have
yielded conflicting results. While results from one study showed no improvement in clinical
and endoscopic remission at 12 weeks following two infusions of FMT product from healthy
donors via a hasogastric tube, a second study showed higher endoscopic remission at 7
weeks in patients treated with weekly FMT enemas.178.179 Results from the largest
randomised FMT study to date, FOCUS,180 showed a higher rate of clinical and endoscopic
remission or response at 8 weeks post-FMT first administered through colonoscopy followed
by enemas five times a week. Although these findings are intriguing, evidence to

recommend FMT for ulcerative colitis is still insufficient. Notably, FMT for treatment of

Lancet. Author manuscript; available in PMC 2019 April 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ungaro et al.

Page 13

recurrent Clostridium difficile in patients with inflammatory bowel disease (including those
on immunosuppression) appears to be safe but less efficacious.18!

Another area that requires further research is determining ideal targets for treatment. The
optimum level of symptom control and mucosal healing that is needed to prevent long-term
complications remains to be fully understood. Histological remission could ultimately
become the target for therapy in ulcerative colitis.182:183

The need for precision medicine in ulcerative colitis will be greater than ever, as clinicians
will have to choose which drug to use and which molecular pathway to target. An increased
understanding of pharmacogenomics, biomarkers, and clinical features that identify
subpopulations of patients who will best respond to specific medications will be needed to
tailor therapy to individual patients. Other future research directions include combining
biological therapies and head-to-head trials to determine the most optimal therapies and how
to best position new medications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Search strategy and selection criteria

We searched for relevant manuscripts in PubMed/MEDLINE, Embase, and Cochrane
Central from their inception until March 1, 2016. The search combined the MeSH terms
“ulcerative colitis” and “inflammatory bowel disease” with the subheadings

“epidemiology”, “etiology”, “physiopathology”, “innate and adaptive immunity”,
“diagnosis”, “genetics”, “diagnosis”, “endoscopy”, “therapy”, “surveillance”, and
“complications”. Bibliographies of included articles were searched and experts in
inflammatory bowel disease were consulted to identify additional studies. Relevant
articles and abstracts published in English were critically reviewed. Priority was given to
manuscripts published in the past 5 years, randomised placebo-controlled trials, and

meta-analyses.
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Panel: Major differential diagnoses in diagnostic examination of ulcerative

colitis’

. Infectious colitis: bacterial, viral, fungal (histoplasmosis), mycobacterial, and
Clostridium difficile

. Ischaemic colitis

. Segmental colitis associated with diverticulitis

. Radiation-induced colitis or proctitis

. Medication-induced colitis (in particular non-steroidal anti-inflammatory
drugs)

. Crohn’s disease

. Sexually transmitted diseases (particularly in patients with proctitis who have

engaged in anal intercourse): Chlamydia trachomatis, Neisseria gonorrhoeae,
herpes, and syphilis

. If predominant symptom is diarrhoea and not bleeding: coeliac disease,
microscopic colitis, lactose or other food intolerances, and irritable bowel
syndrome
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Incidence per 100 000 population (%) per year

204

18+

16+

14

124

104

0

—— Manitoba, Canada
—— Alberta, Canada®
—— Minnesota, USA*
—— Minnesota, USA
= Minnesota, USA
Mew York, USA*
Barbados
—— Sio Paulo, Brazil
—— Sio Paulo, Brazil
—— Hong Kong, China®
—— Hong Kang, China
—— Hong Kong, China
—— Tel Aviv, lsrael
—— Tel Aviv, lsrael®
—— Kinneret, lsrael
—— Beer Sheva, lsrael*
—— Japan*
Seoul, South Korea*
—— Seoul, South Korea®
Kuwait
—— Copenhagen, Denmark
—— Copenhagen, Denmark
—— Morth Jutland, Denmark*
Denmark*
—— Faroe Islands*
—— Finland*
—— Iceland*
Iceland®
—— South Limberg, Netherland
—— Malmo, Sweden*
—— Uppsala, Sweden*
—— Stackholm, Sweden®
——— Orebro, Sweden”
—— Cardiff, UK
Oxford, UK*
Tuzla, Bosnia and Herzegovina®
Zagreb, Croatia
Granada, Spain®
Aragon, Spain®
loannina, Greece*
—— Florence, Italy*
1’ —— Florence, Italy*

# = v Sicily, Iraly*
, ' / ! =4 P Belluno, Italy
: 5/ s
/ : \ PLy Morthern France*
/ - / J = Tubingen, Germany”
! L —— Veszprem, Hungary®

= Cape Town, South Africa®

1930 1940 1950 1960 1970 1980 1990 2000 2010

Year

Figure 1. Increase in worldwide incidence of ulcerative colitis over time
*Statistically significant increase in incidence over time (p<0.05). Reproduced and adapted

with permission from Molodecky and colleagues.10
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Healthy state - Mucosal injury and inflammation
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Figure 2. Overview of the intestinal immune system in the healthy state and for ulcerative colitis
with a focus on proven and promising therapeutic targets

During the healthy state, barrier function is maintained by the mucus layer and epithelial
cells bound across tight junctions. Additionally, IgA and antimicrobial factors such as
Regllly sequester luminal microflora away from the mucosal immune system. Specialised
antigen-presenting cells such as dendritic cells process and present antigen to T and B cells
within the draining lymph nodes, defaulting to a tolerising phenotype. Intestinal DCs also
imprint T and B lymphocytes to express gut-homing molecules a4p7 and CCR9.
Lymphocytes thus imprinted within the gastrointestinal tract enter the systemic circulation
and upon reaching intestinal high endothelial venules, the gut-imprinted, a4p7-expressing
lymphocytes engage locally expressed MAdCAM and egress the circulation to enter into the
intestinal lamina propria. Coordinated activity of innate and adaptive immune cells
maintains homoeostasis within the intestinal mucosa at steady state. Ulcerative colitis is
associated with damage to the mucosal barrier (inset), allowing the luminal microflora to
trigger a sustained and uninhibited inflammatory response. Among the inflammatory cells,
THI cells perpetuate enterocyte apoptosis and inhibit mucosal healing. IL-13, produced by
NK T cells, also contributes to epithelial injury. Additionally, innate lymphoid cells (inset),
homeostatic at steady state, contribute to the cytokine production, perpetuating
inflammation. Mucosal injury and damage is associated with dysbiosis, which perhaps
contributes to the inflammatory cascade. An increasing understanding of the mucosal
immune system has led to an expanding array of therapeutic targets. Of these, TNF-a
antagonists and homing inhibitors are currently in clinical practice (green text), while the
others are in early to advanced stages of clinical development (purple text). lllustration by
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Jill Gregory. Printed with permission of ©Mount Sinai Health System.
IgA=immunoglobulin A. DC=dendritic cell. MAdCAM=mucosal addressin cell associated
molecule. IL=interleukin. Th=T-helper cell. Trec=regulatory T cell. IFN=interferon,
M¢=macrophage. TGF=transforming growth factor. ER=endoplasmic reticulum.
MHC=major histocompatibility complex. NK T cell=natural killer T cell. MLN=mesenteric
lymph node.
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Proctitis

30-60% of patients

Symptoms
Rectal bleeding, tenesmus, urgency

Left-sided colitis

16-45% of patients
Symptoms
Proctitis plus diarrhoea, abdominal cramping

Extensive colitis

15-35% of patients

Symptoms

Left-sided colitis plus constitutional symptoms,
fatigue, and fever

Figure 3. Ulcerative colitis phenotypes by Montreal Classification’!

Symptoms and treatment strategy can differ based on extent of disease. Illustration by Jill

Gregory. Printed with permission of ©Mount Sinai Health System.
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| Mild to moderate ulcerative colitis
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Figure 4. Suggested treatment approach algorithm for mild to moderate ulcerative colitis

Start biological drugs
(anti-TNF OR vedolizumahb)

Page 29

Based on Toronto Consensus and European Crohn’s and Colitis Organisation guidelines.

114,118 For patients needing and responding to steroids, the choice for maintenance

medication can be either 5-ASA, thiopurine, or a biological drug. 5-ASA can be considered
if partial initial response and first course of steroids. Thiopurines can be used if no response
to 5-ASA, low risk of complications, and first course of steroids. Biological drugs should be
used if unable to taper steroids, second course of steroids, or higher risk of complications. 5-

ASA=5-aminosalicylic acid.
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‘ Moderate to severe ulcerative colitis
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Figure 5. Suggested treatment approach algorithm for moderate to severe ulcerative colitis
Based on Toronto Consensus and European Crohn’s and Colitis Organisation guidelines.

114,118 5. ASA=5-aminosalicylic acid. I\V=intravenous. DI=dose intensification.
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