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Abstract
Ulcerative colitis (UC) is a chronic idiopathic inflammatory 
disorder that involves any part of the colon starting in the 
rectum in a continuous fashion presenting typically with 
symptoms such as bloody diarrhea, abdominal pain, and rectal 
urgency. UC is diagnosed based on clinical presentation and 
endoscopic evidence of inflammation in the colon starting 
in the rectum and extending proximally in the colon. The 
clinical presentation of the disease usually dictates the choice 
of pharmacologic therapy, where the goal is to first induce 
remission and then maintain a corticosteroid-free remission. 
There are multiple classes of drugs that are available and are 
used based on the clinical severity of the disease. For mild-to-
moderate disease, oral or rectal formulations of 5-aminosalicylic 

acid are used. In moderate-to-severe UC, corticosteroids 
are usually used in induction of remission with or without 
another class of medications such as thiopurines or biologics 
including anti-tumor necrosis factor, anti-integrins, or Janus 
kinase inhibitors for maintenance of remission. Up to 15% of 
the patients may require surgery as they fail to respond to 
medications and have risk of developing dysplasia secondary to 
longstanding colitis. 
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Introduction
Ulcerative colitis (UC) was first described in mid-1800s.1 It is 
an idiopathic, chronic inflammatory disorder of the colonic 
mucosa that commonly involves the rectum and may extend in 
a proximal and continuous fashion to involve other parts of the 
colon.2 The disease typically affects individuals in the second or 
third decade of life with hallmark clinical symptoms of bloody 
diarrhea and rectal urgency with tenesmus.3,4 The clinical 
course is marked by exacerbations and remissions, which may 
occur spontaneously or in response to treatment changes.5,6 
There are multiple drug classes discussed in this review that 
can be used to treat acute exacerbation of the disease and for 
maintenance of remission. However, even with medical therapy, 
up to 15% of patients will require surgery to treat UC or disease 
complications of dysplasia.

Overall, the incidence of inflammatory bowel disease 
(IBD) has traditionally been highest in North America and 
Western Europe with increasing incidence in the mid-20th 
century. However, incidence of IBD is increasing in emerging 
populations in continental Asia.7,8 In North America, the 

incidence of UC is 2.2–14.3 cases per 100,000 persons per 
year, and its prevalence is 37–246 cases per 100,000 per year.7 
The exact pathogenesis of the disease is not well understood 
but there are genetic factors that are attributed to the risk 
of developing the disease accompanied by epithelial barrier 
defects and environmental factors. Currently, a number of 
genetic and environmental factors that increase the risk 
of developing UC are identified.9 A westernized lifestyle 
and diet including cessation of tobacco use, fatty diet, 
stress, and medication use and high socioeconomic status 
are all associated with the development of IBD.10 Among 
many such factors, tobacco smoking and appendectomy 
are linked to milder disease, fewer hospitalizations, and 
decreased incidence of UC but the reverse is true for Crohn’s 
disease.11,12

The diagnosis of UC is based on the clinical presentation 
and symptoms consistent with the disease and findings on 
colonoscopy or sigmoidoscopy showing continuous colonic 
inflammation starting in the rectum. Pathologic findings of 
chronic colitis confirm the diagnosis.
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Disease approach, assessment 
of clinical severity, and disease 
management
Initial treatment is based upon disease severity and extent. 
Patients can present with mild, moderate, or severe disease – 
stratification based on clinical severity is used to guide medical 
and pharmacologic management. The goals of treatment are 
induction of remission followed by maintenance of remission 
in conjunction with steroid-free treatments in the long-term 
management.6 Historically, the Truelove and Witts criteria are 
utilized to stratify patients with mild, severe, or fulminant colitis 
(Table 1). Patients categorized as having mild clinical disease 
have less than four stools per day with or without blood with 
no signs of systemic toxicity. Mild crampy abdominal pain and 
tenesmus are common clinical symptoms. In moderate–severe 
disease, patients have abdominal pain, frequent loose bloody 
stools (typically more than four per day), and mild anemia not 
requiring blood transfusions. They also have minimal signs of 
systemic toxicity such as low grade fever. In contrast, patients 
with fulminant disease present with over six loose bloody stools 
with severe abdominal cramps and systemic toxicity such as 
fever or tachycardia. They also have manifestations such as 
anemia or an elevated erythrocyte sedimentation rate (ESR)/c-
reactive protein (CRP). In addition to assessing patients with 
the Truelove and Witts criteria, the colon should be evaluated 
endoscopically either with a sigmoidoscopy or colonoscopy, 
depending on the clinical presentation and any validated score 
such as Mayo Endoscopy score or Ulcerative Colitis Endoscopic 
Index of Severity (UCEIS) should be utilized13 (Tables 2 and 3). 
The endoscopic Mayo score classifies disease as mild, moderate, 
or severe based on the erythema, erosions, ulcers, and/or 
severe friability. The management of severe and fulminant 
clinical disease differs from that of mild-to-moderate disease. 
Historically, step-up therapy was used for treating any flare ups 
of UC. However, recent evidence suggests a top down approach 
using effective therapy such as anti-tumor necrosis factor (TNF) 

often with immunomodulator to control severe disease; 
thus, patients with severe clinical disease on presentation 
may be treated with biologics early on as opposed to use of 
mesalamines that are effective only in mild-to-moderate disease.

Mild-to-moderate disease
5-Aminosalicylate
There are multiple 5-aminosalicylate (5-ASA) compounds 
available. One of the first drugs available was sulfasalazine. 
Sulfasalazine is a prodrug that is partially absorbed in the 
jejunum and passes to the colon where it is reduced by 
coliforms to sulfapyridine and its active form, 5-ASA.14 5-ASA is 
primarily responsible for efficacy of sulfasalazine. Other 5-ASA 
products (i.e. mesalamine) are formulated to release in the colon 
via a number of different mechanisms including both bacterial-
mediated release and pH-mediated release. In azo-bond 
prodrug, the mesalazine is synthesized as a prodrug binding 
via an azo-bond to a transport molecule. Due to the presence 
of an azo-bond, it is not absorbed in the upper gastrointestinal 
tract. The bond is subsequently cleaved by bacterial action 
in the colon by azoreductase, releasing the active mesalazine 
component of the drug. In pH-mediated release formulations, 
the active drug is encapsulated in an enteric coating to control 
the site of drug release. Other available formulations include 
time-dependent release, which consists of microspheres of 
mesalazine encapsulated within a semipermeable membrane 
that produces time and moisture-dependent release of 
active drug. Although the different release mechanisms 
may be of benefit for certain patients, the recent American 
Gastroenterological Association (AGA) guidelines on mild-to-
moderate UC do not suggest changing mesalamine based 
on release formulation in someone who is not responding 
adequately to the initial mesalamine release mechanism.15

The dosing per pill is variable but in general, these medications 
can be taken once a day or in twice daily regimens. The initial 

Table 1.  Truelove and Witts’ severity index.

Mild Moderate Severe

Bowel movements (no. per day) Fewer than 4 4–6 Six or more plus at least one of the features 
of systemic upset (marked with *)

Blood in stools No more than small 
amounts of blood

Between mild and 
severe

Visible blood

Pyrexia (temperature greater 
than 37.8°C) *

No No Yes

Pulse rate greater than 90 bpm * No No Yes

Anemia * No No Yes

Erythrocyte sedimentation 
rate (mm/hour) *

30 or below 30 or below Above 30

Adapted from Sturm et al.13
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Table 2.  Endoscopic Mayo score.

Mucosal appearance 
at endoscopy

Normal or inactive 
disease

0

Mild disease (erythema, 
decreased vascular 
pattern, mild friability)

+1

Moderate disease 
(marked erythema, 
absent vascular pattern, 
friability, erosions)

+2

Severe disease 
(spontaneous bleeding, 
ulceration)

+3

Adapted from Sturm et al.13

approach for mild-to-moderate disease is to start oral and 
topical 5-ASA. Oral 5-ASA is started at a full-strength dose of 4.8 
g/day for induction of remission. Over time, this can be reduced 
to a maintenance dose of 2.4 g/day. In patients who have not 
achieved remission on oral therapy, combining oral and rectal 
therapy is more effective in inducing remission.16–18

In patients with more limited disease of the rectum and/or sigmoid 
colon, some patients may opt for only topical rectal treatments 
and defer oral therapy due to cheaper costs, quicker response time, 
and typically requiring lesser frequent dosing when compared 
to oral therapy. However, if the patient fails to respond to topical 
therapy, then oral therapy should be added to the regimen. Topical 
therapy with 5-ASA can be given via suppository or enema.19–21

In left-sided colitis and pancolitis, combination therapy has 
proven to be more effective in achieving remission and its 
maintenance than isolated oral therapy or isolated topical 
therapy.22 In general, 5-ASA drugs start working within 2–4 
weeks and they show response in up to 80% of patients (when 
selected appropriately).19 Once remission is achieved, patients 
are continued on the drug for maintenance therapy. Given the 
safety of the drug and lack of any dose-dependent side-effect 
profile, some practitioners opt to keep patients on the 4.8 g/day 
dose while others will lower the dose to 2.4 g/day when dosing 
for maintenance. There are no data to support doses that are 
less than 2.4 g/day, and these doses should be avoided.15

In patients with only mild-to-moderate disease who fail to 
respond to mesalamine, one can consider adding a steroid-
containing foam or enema in combination with 5-ASA 
therapy.23 In patients who have an inadequate response to the 
combination of oral 5-ASA and topical 5-ASA/steroids in 2–4 
weeks, the budesonide multimatrix (MMX) formulation can 
be considered.24,25 Although these steroid formulations are 
relatively safe given their lack of systemic absorption, they are 
not as effective as oral prednisone. The initial study importantly 
compared budesonide MMX to mesalamine and not 
prednisone.26 Additionally, none of these steroid formulations 
are approved for long-term maintenance of remission.15

Although side effects can happen with both sulfasalazine 
and 5-ASA, sulfasalazine appears to have a wider range of 
more serious adverse events. Both anemia and abnormal liver 
tests are associated with sulfasalazine use and, to that end, 
patients should have routine complete blood counts (CBC) 
and liver function tests (LFTs) checked while on sulfasalazine. 
Additionally, to reduce the risk of anemia, patients should 
take folic acid 1 mg daily. Other side effects include nausea, 
headaches, fevers, and rash. Headaches and nausea are often 
dose dependent but slow titration of the dose can minimize 
these issues. However, sulfasalazine should be discontinued if 
the patient experiences idiosyncratic drug reactions such as 
skin rash, pancreatitis, pneumonitis, and agranulocytosis, and 
the patient should not be rechallenged. Approximately, 25% of 
patients stop using sulfasalazine due to its broader side-effect 
profile compared to mesalamine.

In contrast, mesalamine is a very safe and effective medication. 
It is extremely rare to develop any side effects on the drug. Up 
to 3% of patients may experience paradoxical worsening of 
diarrhea, and stopping the drug may be helpful.27 Interstitial 
nephritis is a very rare side effect occurring in less than 0.2% of 
cases. Routine monitoring of kidney function is recommended 
to screen for interstitial nephritis.28

Oral budesonide and rectal budesonide formulations carry 
little to no risk. Rectal budesonide foam was more efficacious 
in inducing remission in patients when compared to placebo.29 
Studies show that there is a small change in systemic cortisol 
levels, but classic steroid-related side effects are not seen with 
these drugs. There are case reports of steroid-related side effects 
with oral budesonide when used in high doses for long term.30

Moderate-to-severe disease
Systemic corticosteroids are typically given first line for 
induction of remission in cases of moderate-to-severe disease. 
Oral steroids are used in most cases, but in up to 15% of 
patients, the disease may present as acute severe ulcerative 
colitis necessitating hospitalization and intravenous steroids.31 
Steroids are used in the acute inflammatory phase of the 
disease to assist with induction of remission but should always 
be bridged with a steroid-sparing agent for a goal of long-term 
steroid-free maintenance of remission.6 Intravenous or oral 
steroids should never be used for long-term therapy as they 
are associated with a myriad of irreversible side effects such as 
weight gain, cataracts, osteoporosis, hypothalamic pituitary 
axis suppression, and immunocompromised state. Several 
classes of drugs can be used for maintenance of remission 
including thiopurines, anti-TNF agents, anti-integrins, and 
Janus kinase inhibitors that are discussed in detail in this review.

Corticosteroids
As stated earlier, corticosteroids are only used for induction 
of remission. Oral prednisone is usually the first choice of 
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treatment at a dose of 40–60 mg daily.6 Higher doses have 
not been shown to be more effective. In most patients, oral 
steroids are useful for induction of remission; however, if 
symptoms do not respond adequately, intravenous steroids 
should be used and the patient should be hospitalized.32 
These patients are at risks of developing complications, and 
close monitoring in the hospital setting is recommended. 
Intravenous methylprednisone is usually preferred at a 
dose of 40–60 mg daily (e.g. 20 mg every 8 hours) over 
intravenous hydrocortisone that may cause sodium retention.31 
Approximately two-thirds of the patients respond to this 
treatment. There are no specific recommendations for tapering 
the steroid dose, but it is advised to transition to an oral 
prednisone dose of 40–60 mg daily until significant clinical 
improvement occurs and then taper with a dose of 5–10 mg 
weekly until a dose of 20 mg is reached, then a tapering of 
2.5–5 mg every week is advised.6,33

If there is no meaningful response to the intravenous steroids 
in acute severe disease within 3–5 days as determined by the 
Oxford index, steroid-refractory disease should be considered 
and rescue therapy with other therapeutic entities – either 
infliximab or cyclosporine – should be initiated.34

Steroids are very effective in inducing remission but have a 
number of adverse effects. In addition, they are ineffective 
in maintaining remission.35 The frequency and severity of 
steroid toxicity are substantial and may involve virtually 
any organ system and many of these complications are 
irreversible6,36 such as obesity, hypertension, diabetes, 
cataracts, glaucoma, depression, anxiety, insomnia, irritability, 
and avascular necrosis. Additionally, the risks of opportunistic 

infections in patients with inflammatory bowel disease 
patients using steroids are increased three-fold and are more 
common over the age of 50 years.6,37 The risks are increased 
synergistically when steroids are used concomitantly with 
other immunosuppressive therapies such as infliximab or 
thiopurines.37

Thiopurines
Thiopurines (azathioprine [AZA] and 6-mercaptopurine [6-MP]) 
have a steroid-sparing effect and are used for maintenance of 
remission when steroids are withdrawn. Thiopurines have no 
role for induction of remission. AZA and 6-MP are slow-acting 
medications, and it can take 3 months before therapeutic 
concentrations are achieved. Hence, a longer course of steroids 
is often required until the pharmacologic effect of thiopurines 
is exerted.

AZA and 6-MP have multiple side effects where leukopenia 
and elevation in transaminases are the most common. These 
are dose-dependent side effects of the medication and are 
typically related to the activity of thiopurine methyltransferase 
(TPMT) enzyme. These adverse effects occur in 10% of 
the patients and usually in the first month of therapy.38 It 
is recommended to monitor CBC and LFTs in patients on 
treatment with thiopurines frequently when first starting the 
drug and then periodically thereafter. Given that there is a small 
risk of mortality secondary to severe leukopenia and infections, 
the current guidelines recommend testing for TPMT enzymatic 
activity before starting thiopurines.39–41 Another limiting side 
effects is intractable nausea. There is 0.3% of the population 

Table 3.  UCEIS (Ulcerative Colitis Endoscopic Index of Severity) descriptors and definitions.

Descriptor Likert scale (anchor points) Definition 

Vascular pattern Normal (0) Normal vascular pattern with arborization of capillaries clearly 
defined, or with blurring or patchy loss of capillary margins

Patchy obliteration (1) Patchy obliteration of vascular pattern

Obliteration (2) Complete obliteration of vascular pattern

Bleeding None (0) No visible blood

Mucosal (1) Some spots or streaks of coagulated blood on the surface of the 
mucosa ahead of the scope, which can be washed away

Luminal mild (2) Some free liquid blood in the lumen

Luminal moderator severe (3) Frank blood in the lumen ahead of endoscope or visible oozing from 
mucosa after washing intraluminal blood or visible oozing from a 
hemorrhagic mucosa

Erosions and ulcers None (0) Normal mucosa, no visible erosions or ulcers 

Erosions (1) Tiny (≤5 mm) defects in the mucosa, of a white or yellow color with a 
flat edge

Superficial ulcer (2) Larger (>5 mm) defects in the mucosa, which are discrete fibrin-
covered ulcers in comparison with erosions, but remain superficial

Deep ulcer (3) Deeper excavated defects in the mucosa, with a slightly raised edge

Adapted from Sturm et al.13
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with homozygous mutations for TPMT, and they have 
negligible enzyme activity. In these cases, one should avoid 
using a thiopurine. If the enzymatic activity is intermediate, the 
starting dose should be reduced by 25–50%.39,42

Thiopurines are also associated with an increased risk of 
malignancy. There is a risk of non-melanoma skin cancer, and 
an annual skin exam is advisable to mitigate this risk. Patients 
should be advised to wear sunscreen and avoid prolonged 
exposures to the sun. Additionally, there is also an increased 
risk of lymphoma in patients treated with thiopurines. The 
incidence is small and is quantified as 1 in 1000-person years.43 
The risk of developing lymphoma is most pronounced in 
patients with negative Epstein Barr virus at the time drug 
is initiated, and it is advised to not use thiopurines in these 
patients.44 Use of thiopurines over 2 years appears to be 
a common denominator in cases of hepatosplenic T-cell 
lymphomas. This is particularly significant in young men under 
the age of 35.45

Other nonspecific side effects include abdominal pain, nausea, 
vomiting, and pancreatitis. Most of these side effects aside from 
the pancreatitis are self-limited and often dissipate over time. In 
cases of pancreatitis, however, the drug should be stopped and 
not reinstituted.

Anti-TNF agents (infliximab, adalimumab, 
and golimumab)
Different from thiopurines, anti-TNFs can be used for both 
induction and maintenance of remission.46,47 They are most 
often used with corticosteroids to induce remission.48 The 
American College of Gastroenterology (ACG) and the European 
Crohn’s and Colitis Organisation (ECCO) recommend the 
use of infliximab for induction of remission in patients with 
glucocorticoid-refractory or glucocorticoid-dependent 
disease.6,49 The recommendations also suggest use in patients 
with severe disease where standard treatment has failed or 
is not responding to high-dose steroids in hospital.6 There 
are three anti-TNF agents that are approved to be used 
in moderate-to-severe UC: infliximab, adalimumab, and 
golimumab.46,50,51

Infliximab is a chimeric (combination of human and murine) 
IgG1 monoclonal antibody that binds with affinity to TNF-ά 
and neutralizes its biologic activity.52 Adalimumab and 
golimumab are 100% human antibodies. There are several 
clinical trials on infliximab evaluating its efficacy and its use 
in UC.50 The number-needed-to-treat is four to induce one 
case of remission.53 All anti-TNF agents are effective, with 
infliximab being slightly more efficacious than adalimumab 
with regard to inducing a clinical response or mucosal healing, 
but these results are not well established.54 Infliximab is an 
infusion that is typically infused over 2 hours. In contrast, both 
adalimumab and golimumab are subcutaneous injectables. All 
of these agents are effective for induction and maintenance 
of remission in UC. However, only infliximab dosing is weight 

based and has efficacy in acute severe UC refractory to 
intravenous steroids.55

Anti-TNF agents are safe but there are many recognized 
adverse effects associated with them, which can be minimized 
by preinitiation testing and careful monitoring after starting 
the treatment. Injection site reactions are seen in less than 
10% of the patients and these reactions are usually mild. 
Infusion reactions with infliximab can be acute or delayed. 
Acute reactions occur in the first 24 hours of infusion. True 
anaphylaxis (IgE mediated) may occur in some patients; 
however, in most patients it is nonallergic or an anaphylactoid 
reaction.56,57 If allergic reaction is suspected, the drug should 
be discontinued, and the patient should not be rechallenged 
with infliximab.

The most common significant side effect of anti-TNF agents 
are infections. Most infections are mild, such as common 
cold, otitis media, and sinusitis. However, these patients are 
at increased risk of developing serious infections due to their 
immunocompromised state. All patients must undergo tests 
to eliminate latent tuberculosis (TB) and chronic hepatitis B 
infection before starting therapy as both are at increased risk 
of reactivation if found to be latent in the patient.58 There 
are numerous rare side effects associated with anti-TNF 
therapy. One of the rare but more commonly seen side effects 
is the nonspecific elevation of liver enzymes. The elevated 
liver enzymes can be a reaction to the infliximab itself and 
considered a drug reaction that should reverse with cessation 
of the drug, but a second condition potentially brought out 
by infliximab is autoimmune hepatitis that may or may not 
be directly related to the infliximab. Often in this scenario, 
the condition persists even with cessation of the infliximab.59 
Periodic testing of liver function tests is recommended. 
Liver enzymes usually tend to normalize once the drug is 
discontinued. Although rare, there are case reports of acute 
liver failure requiring liver transplantation with the use of 
infliximab.60

The risk of cancer with anti-TNF therapy is debatable. There 
appears to be an increased risk of melanoma skin cancer, and 
a yearly skin exam is advisable. There is conflicting evidence 
about increased risks of lymphoma; therefore, there are no 
specific screening recommendations for this while on anti-TNF 
therapy.

Anti-TNF agents can take up to 6–12 weeks to achieve initial 
response and mucosal healing. Therapeutic drug monitoring 
is the new standard of care in treatment of IBD patients. In 
addition, all anti-TNF agents have risks of developing antibodies 
altering its efficacy.61 Hence, checking drug levels and levels 
of antibodies may allow tailoring of drug dosage or choice of 
medication to achieve a clinical response or remission.61,62

Calcineurin inhibitors
Cyclosporine has a role in induction of remission in severe-to-
fulminant steroid-refractory colitis. Although there are some 
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limited data for the use of tacrolimus, they are not recommended 
for typical use. Cyclosporine is used as a rescue therapy at select 
IBD centers, but it does not have a role for long-term therapy. 
Transition to oral cyclosporine from a continuous infusion is 
typically performed after patients show response to intravenous 
cyclosporine. When transitioning to oral cyclosporine, patients 
are also started on a long-term maintenance plan consisting of 
thiopurines or anti-integrins.6 The oral cyclosporine is usually 
discontinued within 3 months. Even though, over 60% of 
patients with severe UC respond to intravenous cyclosporine, 
most will still ultimately require colectomy in 5–7 years.63

Cyclosporine is administered as a continuous infusion at a dose 
of 2–4 mg/kg per 24 hours. As studies show similar efficacy and 
lesser toxicity with the lower dose of 2 mg/kg, many clinicians 
start with this dose.64,65 It is recommended to maintain 
intravenous use of glucocorticoids in these patients. Because 
of the extent of immunosuppression given the steroids, 
cyclosporine, and a long-term maintenance drug, prophylaxis 
against pneumocystis pneumonia (PCP) is recommended. 

Conversion from the continuous infusion of cyclosporine to oral 
cyclosporine should be sought early in the course of treatment 
once a patient shows adequate response to the intravenous 
dose. Blood levels of cyclosporine should be checked every 
day to every alternate day with goal levels ranging between 
200 and 400 ng/mL in doses 2–4 mg/kg, respectively. Doses 
can be adjusted based on efficacy and toxicity and rounded 
off to nearest 25 mg to aid oral conversion, which is calculated 
by doubling the intravenous dose that led to resolution of 
symptoms and is administered 12 hours apart. Trough levels are 
checked before the fourth dose. Levels of 200–300 ng/mL are 
optimum as levels that are less than 200 ng/mL are associated 
with loss of response.66

Patients receiving intravenous cyclosporine should show 
initial response in 2–3 days of starting treatment, evidenced 
by clinical resolution of symptoms of abdominal pain, blood 
in stool, and may have formed stools with normalization of 
laboratory tests. Before transitioning to oral cyclosporine, 
patients should be able to tolerate an oral diet. In patients 
who fail to show resolution of symptoms of severe disease in 
72 hours, Clostridioides difficile should be tested and treated if 
positive. Unfortunately, patients failing to respond within 72 
hours likely will need a colectomy.

Patients responding to intravenous cyclosporine and successfully 
transitioned or oral cyclosporine can be discharged on oral 
cyclosporine, oral steroids, a long-term steroid sparing drug (e.g. 
thiopurine or anti-integrin) and PCP prophylaxis with a tapering 
regimen of steroids over the 4–6 weeks followed by tapering 
of oral cyclosporine over the ensuing 3 months. Patients who 
cannot get off steroids should be evaluated for surgery.

Adverse effects are common with use of cyclosporine and 
sometimes, life threatening. Patients must be monitored 
for electrolyte abnormalities like hyperkalemia and 
hypomagnesemia. Nephrotoxicity is a common side effect 
and is usually reversible after discontinuation of the drug. 

Neurotoxicity may manifest as mild tremor or sometimes, 
severe headache, visual abnormality or seizures.67 Calcineurin-
inhibitor pain syndrome is characterized by symmetrical pain 
in feet and ankles. Symptoms may improve once the drug is 
stopped or by use of calcium channel blockers.68

Anti-integrins
Integrins are proteins that regulate migration of leucocytes to 
the intestines. Vedolizumab is a fully humanized recombinant 
monoclonal antibody that binds to alpha4–beta7 integrin and 
prevents migration of leucocytes to the gut. Vedolizumab has 
shown to be effective and is approved for use to induce and 
maintain remission in moderate-to-severe active UC.69,70 It is the 
first anti-integrin approved for use in UC. The initial therapeutic 
response is usually seen in 6 weeks of treatment, but it can take 
up to 6 months for the full maximal benefit to be seen.

With regard to safety, vedolizumab is the safest biologic 
available with minimal side effects such as intestinal  
infections – attributed to its mechanism of action that is very 
gut therapeutic.71 There is a small theoretical risk of developing 
progressive multifocal leukoencephalopathy (PML), which is 
a viral infection of the brain resulting in severe disability and 
death and has been associated with the use of anti-integrins. 
However, in the initial studies there are no reported cases of 
PML with vedolizumab.71,72 Upper respiratory tract infections 
are the most common infections in patients on treatment with 
vedolizumab. There is no increased incidence of abdominal 
infections and lower respiratory tract infections with 
vedolizumab when compared to placebo.71 Infusion-related 
reactions are also identified as an adverse event of vedolizumab 
with an incidence of <5% with most of these reactions being 
mild to moderate.71,72 These are mostly self-limiting and do not 
usually require the discontinuation of the drug.

Tofacitinib
Tofacitinib is a Janus kinase inhibitor and was recently licensed 
in 2018 for treatment of moderate-to-severe active UC.73 The 
timing and decision to use is similar to that of anti-TNFs or 
vedolizumab. It is indicated for treatment of adult patients 
with moderate-to-severe UC, but it is not recommended 
for use in combination with other biologics or potent 
immunosuppressants such as a thiopurine or calcineurin 
inhibitor.73 A decision to start treatment with tofacitinib should 
be based on the patient’s compliance with drug therapy 
and comfort with the drug’s adverse events profile. In the 
United States insurance coverage and costs also need to be 
considered. Initial drug response can be seen in 6 weeks.

Tofacitinib is the first oral formulation of a small molecule 
that is taken twice a day. It is available in doses of 5 mg and 
10 administered twice a day. The lowest effective dose should 
be used to maintain the response. If adequate therapeutic 
benefit is not achieved after 16 weeks of 10 mg twice a day 
dosing, it must be discontinued. Dose adjustment is required in 
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moderate-to-severe renal impairment and it is recommended 
to cut down to a half-daily dose compared with the dose given 
to patients with normal renal function. It is not recommended 
to use tofacitinib in patients with severe hepatic impairment. 
Half-dosing should also apply to those patients receiving 
concomitant CYP 3A4 inhibitors such as ketoconazole.73

Adverse effects of tofacitinib are similar to anti-TNF agents.74 
Serious and sometimes fatal infections due to bacterial, 
mycobacterial, invasive fungal, viral, or other opportunistic 
pathogens have been reported in the clinical trials with 
tofacitinib.73 Patients with UC on 10 mg twice daily were 
associated with a greater risk of serious infections compared 
with those on 5 mg twice daily. Additionally, opportunistic 
herpes zoster infections including meningoencephalitis, 
ophthalmologic, and disseminated cutaneous were seen in 
patients on 10 mg twice daily.73 To mitigate the risk of zoster 
activation, it is recommended that these patients should be 
vaccinated against zoster.

Before starting tofacitinib, patients should be evaluated and 
tested for latent or active TB. In patients who are tested positive 
for latent TB, it is recommended to consult an infectious disease 
specialist to whether or not to initiate anti-TB therapy before 
starting the treatment with tofacitinib. Other side effects 
include neutropenia and it is recommended that patients 
should undergo episodic checking of a CBC with differential. 
It is also associated with an increase in liver enzymes of up to 
three times the upper limit of normal. Reduction of dose of 
tofacitinib in these patients resulted in normalization of liver 
enzymes.75

Conclusion
UC is a chronic inflammatory condition where medications 
are used to induce remission and maintain a steroid-free 

remission. Up to 15% patients may require colectomy due 
to inability to control the disease. The choice of medication 
depends upon the clinical stage of the disease. Contrary to 
the historical treatment paradigm of a bottom-up versus 
top-down strategy, now the recommendation is to treat the 
underlying severity of disease with medications that are most 
appropriate for that level of disease severity. In cases of mild-
to-moderate disease severity, mesalamine is preferred as it 
is the safest available drug for the management of UC with 
a 0.2% risk of interstitial nephritis. However, if the disease is 
not responding adequately to mesalamine or if the disease is 
categorized as moderate-to-severe, then one should utilize 
immunosuppressants, and biologics including anti-TNF, 
anti-integrin, or a small molecule Janus kinase inhibitors. 
Thiopurines including azathioprine and mercaptopurine 
have been utilized for decades in the management of UC, 
but they only have a role in maintenance of remission and 
can take up to 3 months to achieve efficacy. In contrast, 
anti-TNF medications including infliximab, adalimumab, and 
golimumab all have efficacy for induction of remission and 
maintenance of remission. The drugs are fairly equivalent, 
but infliximab has greater bioavailability, as it is administered 
intravenously, and can be dosed based on one’s weight. 
These drugs have side effects from the immunosuppression 
but no more than a thiopurine. The safest available biologic 
is vedolizumab that is a gut-specific anti-integrin. Given its 
gut specificity it does not carry many side effects. The newest 
group of drugs is the small molecule Janus kinase inhibitors. 
Tofacitinib is an oral pill taken twice a day that is likely to be 
quite desirable to patients given the mode of administration. 
However, it still retains a side-effect profile that is equal to, or 
more significant than, anti-TNF medications. All of these drugs 
should be considered in the appropriate setting based on 
the severity of the UC. Most importantly, though, no patients 
should be left on long-term corticosteroids.

Contributions: Both authors contributed equally to the preparation of this review. The authors meet the International Committee of Medical 
Journal Editors (ICMJE) criteria for authorship for this article, take responsibility for the integrity of the work as a whole, and have given their 
approval for this version to be published.

Disclosure and potential conflicts of interest: The authors declare that they have no conflicts of interest. The International  
Committee of Medical Journal Editors (ICMJE) Potential Conflicts of Interests form for the authors are available for download at  
http://www.drugsincontext.com/wp-content/uploads/2019/03/dic.212572-COI.pdf

Acknowledgements: None.

Funding declaration: There was no funding associated with the preparation of this article. 

Copyright: Copyright © 2019 Tripathi K, Feuerstein JD. Published by Drugs in Context under Creative Commons License Deed CC BY NC ND 4.0 
which allows anyone to copy, distribute, and transmit the article provided it is properly attributed in the manner specified below. No commercial 
use without permission. 

Correct attribution: Copyright © 2019 Tripathi K, Feuerstein JD. https://doi.org/10.7573/dic.212572. Published by Drugs in Context under 
Creative Commons License Deed CC BY NC ND 4.0. 

Article URL: https://drugsincontext.com/new-developments-in-ulcerative-colitis:-latest-evidence-on-management,-treatment,-and-maintenance

Correspondence: Joseph D Feuerstein, 110 Francis St 8e Gastroenterology, Boston, MA 02215, USA. jfeuerst@bidmc.harvard.edu

Provenance: invited; externally peer reviewed.

https://doi.org/10.7573/dic.212572
http://drugsincontext.com
http://www.drugsincontext.com/wp-content/uploads/2019/03/dic.212572-COI.pdf
https://doi.org/10.7573/dic.212572
https://drugsincontext.com/new-developments-in-ulcerative-colitis:-latest-evidence-on-management,-treatment,-and-maintenance
mailto:jfeuerst@bidmc.harvard.edu


Tripathi K, Feuerstein JD. Drugs in Context 2019; 8: 212572. DOI: 10.7573/dic.212572	 8 of 11
ISSN: 1740-4398

REVIEW – New developments in ulcerative colitis drugsincontext.com

References
1.	 Baumgart DC. What’s new in inflammatory bowel disease in 2008? World J Gastroenterol. 2008;14(3):329–330.  

http://dx.doi.org/10.3748/wjg.14.329
2.	 Ordas I, Eckmann L, Talamini M, Baumgart DC, Sandborn WJ. Ulcerative colitis. Lancet. 2012;380(9853):1606–1619.  

http://dx.doi.org/10.1016/s0140-6736(12)60150-0
3.	 Danese S, Fiocchi C. Ulcerative colitis. N Engl J Med. 2011;365(18):1713–1725. http://dx.doi.org/10.1056/NEJMra1102942
4.	 Meyers S, Janowitz HD. The “natural history” of ulcerative colitis: an analysis of the placebo response. J Clin Gastroenterol. 

1989;11(1):33–37. PubMed PMID: 2646359
5.	 Kornbluth AA, Salomon P, Sacks HS, Mitty R, Janowitz HD. Meta-analysis of the effectiveness of current drug therapy of ulcerative 

colitis. J Clin Gastroenterol. 1993;16(3):215–218. PubMed PMID: 8099363
6.	 Kornbluth A, Sachar DB. Ulcerative colitis practice guidelines in adults: American College of Gastroenterology, Practice 

Parameters Committee. Am J Gastroenterol. 2010;105(3):501–523; quiz 524. http://dx.doi.org/10.1038/ajg.2009.727
7.	 Loftus EV, Jr. Clinical epidemiology of inflammatory bowel disease: incidence, prevalence, and environmental influences. 

Gastroenterology. 2004;126(6):1504–1517. https://dx.doi.org/10.1053/j.gastro.2004.01.063
8.	 Ananthakrishnan AN. Epidemiology and risk factors for IBD. Nat Rev Gastroenterol Hepatol. 2015;12(4):205–217.  

http://dx.doi.org/10.1038/nrgastro.2015.34
9.	 Ng SC, Bernstein CN, Vatn MH, et al. Geographical variability and environmental risk factors in inflammatory bowel disease. Gut. 

2013;62(4):630–649. http://dx.doi.org/10.1136/gutjnl-2012-303661
10.	 Danese S, Sans M, Fiocchi C. Inflammatory bowel disease: the role of environmental factors. Autoimmun Rev. 2004;3(5):394–400. 

http://dx.doi.org/10.1016/j.autrev.2004.03.002
11.	 Birrenbach T, Bocker U. Inflammatory bowel disease and smoking: a review of epidemiology, pathophysiology, and therapeutic 

implications. Inflamm Bowel Dis. 2004;10(6):848–859. PubMed PMID: 15626903
12.	 Rutgeerts P, D’Haens G, Hiele M, Geboes K, Vantrappen G. Appendectomy protects against ulcerative colitis. Gastroenterology. 

1994;106(5):1251–1253. PubMed PMID: 8174886
13.	 Sturm A, Maaser C, Calabrese E, et al. ECCO-ESGAR guideline for diagnostic assessment in ibd part 2: Ibd scores and general 

principles and technical aspects. J Crohns Colitis. 2018;13(3):273–284. http://dx.doi.org/10.1093/ecco-jcc/jjy114
14.	 Peppercorn MA, Goldman P. The role of intestinal bacteria in the metabolism of salicylazosulfapyridine. J Pharmacol Exp Ther. 

1972;181(3):555–562. PubMed PMID: 4402374
15.	 Singh S, Feuerstein JD, Binion DG, Tremaine WJ. Aga technical review on the management of mild-to-moderate ulcerative colitis. 

Gastroenterology. 2019;156(3):769–808.e729. http://dx.doi.org/10.1053/j.gastro.2018.12.008
16.	 Lichtenstein GR, Ramsey D, Rubin DT. Randomised clinical trial: delayed-release oral mesalazine 4.8 g/day vs. 2.4 g/day in 

endoscopic mucosal healing – ascend I and II combined analysis. Aliment Pharmacol Ther. 2011;33(6):672–678.  
http://dx.doi.org/10.1111/j.1365-2036.2010.04575.x

17.	 Safdi M, DeMicco M, Sninsky C, et al. A double-blind comparison of oral versus rectal mesalamine versus combination therapy in 
the treatment of distal ulcerative colitis. Am J Gastroenterol. 1997;92(10):1867–1871. PubMed PMID: 9382054

18.	 Marteau P, Crand J, Foucault M, Rambaud JC. Use of mesalazine slow release suppositories 1 g three times per week to maintain 
remission of ulcerative proctitis: a randomised double blind placebo controlled multicentre study. Gut. 1998;42(2):195–199. 
PubMed PMID: 9536943

19.	 Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral 5-aminosalicylic acid therapy for mildly to moderately active ulcerative 
colitis. A randomized study. N Engl J Med. 1987;317(26):1625–1629. http://dx.doi.org/10.1056/NEJM198712243172603

20.	 Sninsky CA, Cort DH, Shanahan F, et al. Oral mesalamine (Asacol) for mildly to moderately active ulcerative colitis. A multicenter 
study. Ann Intern Med. 1991;115(5):350–355. PubMed PMID: 1863024

21.	 Feagan BG, Macdonald JK. Oral 5-aminosalicylic acid for maintenance of remission in ulcerative colitis. Cochrane Database Syst 
Rev. 2012;10:Cd000544. http://dx.doi.org/10.1002/14651858.CD000544.pub3

Submitted: 20 November 2018; Peer review comments to author: 8 January 2019; Revised manuscript received: 21 March 2019;  
Accepted: 21 March 2019; Publication date: 29 April 2019.

Drugs in Context is published by BioExcel Publishing Ltd. Registered office: Plaza Building, Lee High Road, London, England, SE13 5PT.

BioExcel Publishing Limited is registered in England Number 10038393. VAT GB 252 7720 07.

For all manuscript and submissions enquiries, contact the Editor-in-Chief gordon.mallarkey@bioexcelpublishing.com

For all permissions, rights and reprints, contact David Hughes david.hughes@bioexcelpublishing.com

https://doi.org/10.7573/dic.212572
https://doi.org/10.7573/dic.212572
http://drugsincontext.com
http://dx.doi.org/10.3748/wjg.14.329
http://dx.doi.org/10.1016/s0140-6736(12)60150-0
http://dx.doi.org/10.1056/NEJMra1102942
http://dx.doi.org/10.1038/ajg.2009.727
https://dx.doi.org/10.1053/j.gastro.2004.01.063
http://dx.doi.org/10.1038/nrgastro.2015.34
http://dx.doi.org/10.1136/gutjnl-2012-303661
http://dx.doi.org/10.1016/j.autrev.2004.03.002
http://dx.doi.org/10.1093/ecco-jcc/jjy114
http://dx.doi.org/10.1053/j.gastro.2018.12.008
http://dx.doi.org/10.1111/j.1365-2036.2010.04575.x
http://dx.doi.org/10.1056/NEJM198712243172603
http://dx.doi.org/10.1002/14651858.CD000544.pub3
mailto:gordon.mallarkey@bioexcelpublishing.com
mailto:david.hughes@bioexcelpublishing.com


Tripathi K, Feuerstein JD. Drugs in Context 2019; 8: 212572. DOI: 10.7573/dic.212572	 9 of 11
ISSN: 1740-4398

REVIEW – New developments in ulcerative colitis drugsincontext.com

22.	 Ford AC, Khan KJ, Achkar JP, Moayyedi P. Efficacy of oral vs. Topical, or combined oral and topical 5-aminosalicylates, in ulcerative 
colitis: systematic review and meta-analysis. Am J Gastroenterol. 2012;107(2):167–176; author reply 177.  
http://dx.doi.org/10.1038/ajg.2011.410

23.	 Cohen RD, Woseth DM, Thisted RA, Hanauer SB. A meta-analysis and overview of the literature on treatment options for  
left-sided ulcerative colitis and ulcerative proctitis. Am J Gastroenterol. 2000;95(5):1263–1276. PubMed PMID: 10811338

24.	 Sandborn WJ, Travis S, Moro L, et al. Once-daily budesonide mmx(r) extended-release tablets induce remission in patients with 
mild to moderate ulcerative colitis: results from the CORE I study. Gastroenterology. 2012;143(5):1218–1226 e1212.  
http://dx.doi.org/10.1053/j.gastro.2012.08.003

25.	 Travis SP, Danese S, Kupcinskas L, et al. Once-daily budesonide MMX in active, mild-to-moderate ulcerative colitis: results from 
the randomised CORE II study. Gut. 2014;63(3):433–441. http://dx.doi.org/10.1136/gutjnl-2012-304258

26.	 Rubin DT, Cohen RD, Sandborn WJ, et al. Budesonide multimatrix is efficacious for mesalamine-refractory, mild to moderate 
ulcerative colitis: a randomised, placebo-controlled trial. J Crohns Colitis. 2017;11(7):785–791.  
http://dx.doi.org/10.1093/ecco-jcc/jjx032

27.	 Ham M, Moss AC. Mesalamine in the treatment and maintenance of remission of ulcerative colitis. Expert Rev Clin Pharmacol. 
2012;5(2):113–123. http://dx.doi.org/10.1586/ecp.12.2

28.	 Ford AC, Achkar JP, Khan KJ, et al. Efficacy of 5-aminosalicylates in ulcerative colitis: systematic review and meta-analysis. Am J 
Gastroenterol. 2011;106(4):601–616. http://dx.doi.org/10.1038/ajg.2011.67

29.	 Sandborn WJ, Bosworth B, Zakko S, et al. Budesonide foam induces remission in patients with mild to moderate ulcerative 
proctitis and ulcerative proctosigmoiditis. Gastroenterology. 2015;148(4):740–750 e742.  
http://dx.doi.org/10.1053/j.gastro.2015.01.037

30.	 Tripathi K, Dunzendorfer T. Budesonide-related iatrogenic Cushing’s syndrome in microscopic colitis. ACG Case Rep J. 2017;4:e5–
e5. http://dx.doi.org/10.14309/crj.2017.5

31.	 Turner D, Walsh CM, Steinhart AH, Griffiths AM. Response to corticosteroids in severe ulcerative colitis: a systematic review of the 
literature and a meta-regression. Clin Gastroenterol Hepatol. 2007;5(1):103–110. http://dx.doi.org/10.1016/j.cgh.2006.09.033

32.	 Doherty GA, Cheifetz AS. Management of acute severe ulcerative colitis. Expert Rev Gastroenterol Hepatol. 2009;3(4):395–405. 
http://dx.doi.org/10.1586/egh.09.24

33.	 Lichtenstein GR, Abreu MT, Cohen R, Tremaine W. American gastroenterological association institute technical review on 
corticosteroids, immunomodulators, and infliximab in inflammatory bowel disease. Gastroenterology. 2006;130(3):940–987.  
http://dx.doi.org/10.1053/j.gastro.2006.01.048

34.	 Travis SP, Farrant JM, Ricketts C, et al. Predicting outcome in severe ulcerative colitis. Gut. 1996;38(6):905–910. PubMed PMID: 8984031
35.	 Ford AC, Bernstein CN, Khan KJ, et al. Glucocorticosteroid therapy in inflammatory bowel disease: systematic review and meta-

analysis. Am J Gastroenterol. 2011;106(4):590–599; quiz 600. http://dx.doi.org/10.1038/ajg.2011.70
36.	 Lichtenstein GR, Abreu MT, Cohen R, Tremaine W. American gastroenterological association institute medical position statement 

on corticosteroids, immunomodulators, and infliximab in inflammatory bowel disease. Gastroenterology. 2006;130(3):935–939. 
http://dx.doi.org/10.1053/j.gastro.2006.01.047

37.	 Toruner M, Loftus EV Jr, Harmsen WS, et al. Risk factors for opportunistic infections in patients with inflammatory bowel disease. 
Gastroenterology. 2008;134(4):929–936. http://dx.doi.org/10.1053/j.gastro.2008.01.012

38.	 Timmer A, Patton PH, Chande N, McDonald JW, MacDonald JK. Azathioprine and 6-mercaptopurine for maintenance of remission 
in ulcerative colitis. Cochrane Database Syst Rev. 2016(5):Cd000478. http://dx.doi.org/10.1002/14651858.CD000478.pub4

39.	 Black AJ, McLeod HL, Capell HA, et al. Thiopurine methyltransferase genotype predicts therapy-limiting severe toxicity from 
azathioprine. Ann Intern Med. 1998;129(9):716–718. PubMed PMID: 9841604

40.	 Lichtenstein GR. Use of laboratory testing to guide 6-mercaptopurine/azathioprine therapy. Gastroenterology. 2004;127(5): 
1558–1564. https://dx.doi.org/10.1053/j.gastro.2004.09.061

41.	 Feuerstein JD, Nguyen GC, Kupfer SS, Falck-Ytter Y, Singh S, American Gastroenterological Association Institute Clinical Guidelines 
C. American gastroenterological association institute guideline on therapeutic drug monitoring in inflammatory bowel disease. 
Gastroenterology. 2017;153(3):827–834. http://dx.doi.org/10.1053/j.gastro.2017.07.032

42.	 Vande Casteele N, Herfarth H, Katz J, Falck-Ytter Y, Singh S. American gastroenterological association institute technical review on 
the role of therapeutic drug monitoring in the management of inflammatory bowel diseases. Gastroenterology. 2017;153(3): 
835–857 e836. http://dx.doi.org/10.1053/j.gastro.2017.07.031

43.	 Beaugerie L, Brousse N, Bouvier AM, et al. Lymphoproliferative disorders in patients receiving thiopurines for inflammatory 
bowel disease: a prospective observational cohort study. Lancet. 2009;374(9701):1617–1625.  
http://dx.doi.org/10.1016/S0140-6736(09)61302-7

44.	 Lam G, Ambrosio L, Halloran BP, et al. EBV status and immunosuppressant use in patients with ibd who subsequently develop 
lymphoma: a retrospective and prospective study. Gastroenterology. 2017;152(5):S581.  
http://dx.doi.org/10.1016/S0016-5085(17)32095-4

https://doi.org/10.7573/dic.212572
http://drugsincontext.com
http://dx.doi.org/10.1038/ajg.2011.410
http://dx.doi.org/10.1053/j.gastro.2012.08.003
http://dx.doi.org/10.1136/gutjnl-2012-304258
http://dx.doi.org/10.1093/ecco-jcc/jjx032
http://dx.doi.org/10.1586/ecp.12.2
http://dx.doi.org/10.1038/ajg.2011.67
http://dx.doi.org/10.1053/j.gastro.2015.01.037
http://dx.doi.org/10.14309/crj.2017.5
http://dx.doi.org/10.1016/j.cgh.2006.09.033
http://dx.doi.org/10.1586/egh.09.24
http://dx.doi.org/10.1053/j.gastro.2006.01.048
http://dx.doi.org/10.1038/ajg.2011.70
http://dx.doi.org/10.1053/j.gastro.2006.01.047
http://dx.doi.org/10.1053/j.gastro.2008.01.012
http://dx.doi.org/10.1002/14651858.CD000478.pub4
https://dx.doi.org/10.1053/j.gastro.2004.09.061
http://dx.doi.org/10.1053/j.gastro.2017.07.032
http://dx.doi.org/10.1053/j.gastro.2017.07.031
http://dx.doi.org/10.1016/S0140-6736(09)61302-7
http://dx.doi.org/10.1016/S0016-5085(17)32095-4


Tripathi K, Feuerstein JD. Drugs in Context 2019; 8: 212572. DOI: 10.7573/dic.212572	 10 of 11
ISSN: 1740-4398

REVIEW – New developments in ulcerative colitis drugsincontext.com

45.	 Kotlyar DS, Osterman MT, Diamond RH, et al. A systematic review of factors that contribute to hepatosplenic t-cell lymphoma in 
patients with inflammatory bowel disease. Clin Gastroenterol Hepatol. 2011;9(1):36–41.e31.  
http://dx.doi.org/10.1016/j.cgh.2010.09.016

46.	 Sandborn WJ, van Assche G, Reinisch W, et al. Adalimumab induces and maintains clinical remission in patients with moderate-
to-severe ulcerative colitis. Gastroenterology. 2012;142(2):257–265.e251–253. http://dx.doi.org/10.1053/j.gastro.2011.10.032

47.	 Reinisch W, Sandborn WJ, Hommes DW, et al. Adalimumab for induction of clinical remission in moderately to severely active 
ulcerative colitis: results of a randomised controlled trial. Gut. 2011;60(6):780–787. http://dx.doi.org/10.1136/gut.2010.221127

48.	 Nielsen OH, Ainsworth MA. Tumor necrosis factor inhibitors for inflammatory bowel disease. N Engl J Med. 2013;369(8):754–762. 
http://dx.doi.org/10.1056/NEJMct1209614

49.	 Magro F, Gionchetti P, Eliakim R, et al. Third European evidence-based consensus on diagnosis and management of ulcerative 
colitis. Part 1: definitions, diagnosis, extra-intestinal manifestations, pregnancy, cancer surveillance, surgery, and ileo-anal pouch 
disorders. J Crohns Colitis. 2017;11(6):649–670. http://dx.doi.org/10.1093/ecco-jcc/jjx008

50.	 Rutgeerts P, Sandborn WJ, Feagan BG, et al. Infliximab for induction and maintenance therapy for ulcerative colitis. N Engl J Med. 
2005;353(23):2462–2476. http://dx.doi.org/10.1056/NEJMoa050516

51.	 Sandborn WJ, Feagan BG, Marano C, et al. Subcutaneous golimumab maintains clinical response in patients with moderate-to-
severe ulcerative colitis. Gastroenterology. 2014;146(1):96–109.e101. http://dx.doi.org/10.1053/j.gastro.2013.06.010

52.	 Knight DM, Trinh H, Le J, et al. Construction and initial characterization of a mouse-human chimeric anti-TNF antibody. Mol 
Immunol. 1993;30(16):1443–1453. PubMed PMID: 8232330

53.	 Ford AC, Sandborn WJ, Khan KJ, Hanauer SB, Talley NJ, Moayyedi P. Efficacy of biological therapies in inflammatory bowel disease: 
systematic review and meta-analysis. Am J Gastroenterol. 2011;106(4):644–659, quiz 660. http://dx.doi.org/10.1038/ajg.2011.73

54.	 Danese S, Fiorino G, Peyrin-Biroulet L, et al. Biological agents for moderately to severely active ulcerative colitis: a systematic 
review and network meta-analysis. Ann Intern Med. 2014;160(10):704–711. http://dx.doi.org/10.7326/m13-2403

55.	 Feuerstein JD, Cheifetz AS. Ulcerative colitis: epidemiology, diagnosis, and management. Mayo Clin Proc. 2014;89(11):1553–1563. 
http://dx.doi.org/10.1016/j.mayocp.2014.07.002

56.	 Vultaggio A, Matucci A, Nencini F, et al. Anti-infliximab IgE and non- IgE antibodies and induction of infusion-related severe 
anaphylactic reactions. Allergy. 2010;65(5):657–661. http://dx.doi.org/10.1111/j.1398-9995.2009.02280.x

57.	 Kapetanovic MC, Larsson L, Truedsson L, Sturfelt G, Saxne T, Geborek P. Predictors of infusion reactions during infliximab 
treatment in patients with arthritis. Arthritis Res Ther. 2006;8(4):R131–R131. http://dx.doi.org/10.1186/ar2020

58.	 Nielsen OH, Ainsworth MA. Tumor necrosis factor inhibitors for inflammatory bowel disease. N Engl J Med. 2013;369(8):754–762. 
http://dx.doi.org/10.1056/NEJMct1209614

59.	 Feuerstein JD, Cullen G, Cheifetz AS. Immune-mediated reactions to anti-tumor necrosis factors in inflammatory bowel disease. 
Inflamm Bowel Dis. 2015;21(5):1176–1186. https://doi.org/10.1097/MIB.0000000000000279

60.	 Parra RS, Feitosa MR, Machado VF, Ramalho LN, da Rocha JJ, Feres O. Infliximab-associated fulminant hepatic failure in ulcerative 
colitis: a case report. J Med Case Rep. 2015;9:249. http://dx.doi.org/10.1186/s13256-015-0730-5

61.	 Papamichael K, Cheifetz AS. Therapeutic drug monitoring in ibd: the new standard-of-care for anti-TNF therapy. Am J 
Gastroenterol. 2017;112(5):673–676. http://dx.doi.org/10.1038/ajg.2017.21

62.	 Cheifetz AS, Feuerstein JD, eds. Treatment of Inflammatory Bowel Disease with Biologics. vol 1. 1st ed. New York: Springer 
International Publishing; 2018.

63.	 Moskovitz DN, Van Assche G, Maenhout B, et al. Incidence of colectomy during long-term follow-up after cyclosporine-induced 
remission of severe ulcerative colitis. Clin Gastroenterol Hepatol. 2006;4(6):760–765. http://dx.doi.org/10.1016/j.cgh.2006.04.001

64.	 Van Assche G, D’Haens G, Noman M, et al. Randomized, double-blind comparison of 4 mg/kg versus 2 mg/kg intravenous 
cyclosporine in severe ulcerative colitis. Gastroenterology. 2003;125(4):1025–1031. http://dx.doi.org/10.1016/S0016-5085(03)01214-9

65.	 Rayner CK, McCormack G, Emmanuel AV, Kamm MA. Long-term results of low-dose intravenous ciclosporin for acute severe 
ulcerative colitis. Aliment Pharmacol Ther. 2003;18(3):303–308. https://dx.doi.org/10.1046/j.1365-2036.2003.01618.x

66.	 Cohen RD, Stein R, Hanauer SB. Intravenous cyclosporin in ulcerative colitis: a five-year experience. Am J Gastroenterol. 
1999;94(6):1587–1592. PubMed PMID: 10364029

67.	 Schwartz RB, Bravo SM, Klufas RA, et al. Cyclosporine neurotoxicity and its relationship to hypertensive encephalopathy: CT and 
MR findings in 16 cases. AJR Am J Roentgenol. 1995;165(3):627–631. http://dx.doi.org/10.2214/ajr.165.3.7645483

68.	 Prommer E. Calcineurin-inhibitor pain syndrome. Clin J Pain. 2012;28(6):556–559. http://dx.doi.org/10.1097/AJP.0b013e31823a67f1
69.	 Feagan BG, Greenberg GR, Wild G, et al. Treatment of ulcerative colitis with a humanized antibody to the alpha4beta7 integrin. N 

Engl J Med. 2005;352(24):2499–2507. http://dx.doi.org/10.1056/NEJMoa042982
70.	 Bickston SJ, Behm BW, Tsoulis DJ, et al. Vedolizumab for induction and maintenance of remission in ulcerative colitis. Cochrane 

Database Syst Rev. 2014(8):Cd007571. http://dx.doi.org/10.1002/14651858.CD007571.pub2
71.	 Colombel JF, Sands BE, Rutgeerts P, et al. The safety of vedolizumab for ulcerative colitis and Crohn’s disease. Gut. 2017;66(5): 

839–851. http://dx.doi.org/10.1136/gutjnl-2015-311079

https://doi.org/10.7573/dic.212572
https://doi.org/10.7573/dic.212572
http://drugsincontext.com
http://dx.doi.org/10.1016/j.cgh.2010.09.016
http://dx.doi.org/10.1053/j.gastro.2011.10.032
http://dx.doi.org/10.1136/gut.2010.221127
http://dx.doi.org/10.1056/NEJMct1209614
http://dx.doi.org/10.1093/ecco-jcc/jjx008
http://dx.doi.org/10.1056/NEJMoa050516
http://dx.doi.org/10.1053/j.gastro.2013.06.010
http://dx.doi.org/10.1038/ajg.2011.73
http://dx.doi.org/10.7326/m13-2403
http://dx.doi.org/10.1016/j.mayocp.2014.07.002
http://dx.doi.org/10.1111/j.1398-9995.2009.02280.x
http://dx.doi.org/10.1186/ar2020
http://dx.doi.org/10.1056/NEJMct1209614
https://doi.org/10.1097/MIB.0000000000000279
http://dx.doi.org/10.1186/s13256-015-0730-5
http://dx.doi.org/10.1038/ajg.2017.21
http://dx.doi.org/10.1016/j.cgh.2006.04.001
http://dx.doi.org/10.1016/S0016-5085(03)01214-9
https://dx.doi.org/10.1046/j.1365-2036.2003.01618.x
http://dx.doi.org/10.2214/ajr.165.3.7645483
http://dx.doi.org/10.1097/AJP.0b013e31823a67f1
http://dx.doi.org/10.1056/NEJMoa042982
http://dx.doi.org/10.1002/14651858.CD007571.pub2
http://dx.doi.org/10.1136/gutjnl-2015-311079


Tripathi K, Feuerstein JD. Drugs in Context 2019; 8: 212572. DOI: 10.7573/dic.212572	 11 of 11
ISSN: 1740-4398

REVIEW – New developments in ulcerative colitis drugsincontext.com

72.	 Cominelli F. Inhibition of leukocyte trafficking in inflammatory bowel disease. N Engl J Med. 2013;369(8):775–776.  
http://dx.doi.org/10.1056/NEJMe1307415

73.	 Sandborn WJ, Su C, Sands BE, et al. Tofacitinib as induction and maintenance therapy for ulcerative colitis. N Engl J Med. 
2017;376(18):1723–1736. http://dx.doi.org/10.1056/NEJMoa1606910

74.	 Sandborn WJ, Ghosh S, Panes J, et al. Tofacitinib, an oral Janus kinase inhibitor, in active ulcerative colitis. N Engl J Med. 
2012;367(7):616–624. http://dx.doi.org/10.1056/NEJMoa1112168

75.	 Olivera P, Danese S, Peyrin-Biroulet L. JAK inhibition in inflammatory bowel disease. Expert Rev Clin Immunol. 2017;13(7):693–703. 
http://dx.doi.org/10.1080/1744666X.2017.1291342

https://doi.org/10.7573/dic.212572
http://drugsincontext.com
http://dx.doi.org/10.1056/NEJMe1307415
http://dx.doi.org/10.1056/NEJMoa1606910
http://dx.doi.org/10.1056/NEJMoa1112168
http://dx.doi.org/10.1080/1744666X.2017.1291342

