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Abstract: 

Since the publication of our last article, Current and 
Emerging Strategies in the Management of Crohn’s 

Disease, several major advances have occurred in the field 
of IBD care.  Perhaps the most visible are the additions of 
vedolizumab and ustekinumab to the spectrum of medical 

therapies. Other key trends, such as a more aggressive 
approach to treatment, termed “top-down therapy”, drug 

monitoring, the use of noninvasive disease markers, 
reduction in mesalamine usage, and the rise of synthetic 
drugs termed “biosimilars” merit discussion as well. 

Additionally, numerous new therapeutic targets are under 
study. In this review, we aim to highlight updates and 

contemporary trends in the medical treatment of Crohn’s 
Disease (CD) for the gastroenterologist and the primary care 
physician. 
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I. General Approach to Treatment  

Crohn’s disease encompasses several 

distinct and overlapping phenotypes and 
may occur throughout the GI tract, from 

mouth to anus.1 The initial injury to the 
intestinal mucosa is characterized by a 
predominantly inflammatory infiltrate that 

progresses to fibrosis over time.2 
Historically, convention has been to use the 

“mildest” therapies early (salicylates, non-
systemic corticosteroids like budesonide) 
before escalating to the next tier 

(immunomodulators, systemic steroids), 
reserving biological therapies for patients 

who fail to respond or lose their initial 
response. This approach is termed “step up” 
and has fallen out of favor for several 

reasons, namely that it does not prevent the 
complications of fibrosis and is slower to 

induce disease remission.3 The alternative 
strategy, termed “top down” refers to the 
early and aggressive use of systemic 

medications, including biologics with or 
without immunomodulators or 

corticosteroids, to curtail mucosal damage 
and attempt to alter the natural history of 
disease.4 Although patients with mucosal 

damage often have severe symptoms of 
abdominal pain and diarrhea, it has been 

shown that clinical symptoms do not directly 
correlate with mucosal injury, making 
endoscopic remission the intended goal of 

therapy.5 Anti-TNF biologicals have been 
shown to induce mucosal healing, maintain 

steroid-free remission and reduce the need 
for surgery.6 We have described these 
concepts in a previous publication and will 

herein provide an update of key trends in the 
current era of IBD care.7  

Anti-TNF agents have been on the 
market for twenty years: Infliximab was 
approved in 1998, adalimumab in 2007, and 

certolizumab in 2008. These drugs were met 
with initial concerns regarding infections, 

infusion reactions, side effects, implications 
in pregnancy, and increased risk of 

malignancy such as non-melanomatous skin 
cancer and lymphoma. Long-term data is 

available for each of these agents in their 
respective drug registries and many of the 

initial fears about serious infections and 
cancers have since been allayed.8 Data from 
the TREAT registry, a long-term cohort of 

patients with Crohn’s disease on infliximab 
do not show a statistically significant overall 

risk of malignancy compared to no therapy.9 
Similar conclusions have been drawn in the 
pediatric population.10 In fact, newer data 

show that thiopurines (azathioprine, 6-MP) 
appear to confer a greater risk of skin cancer 

and other malignancies compared to 
biologics in addition to their known risks of 
bone marrow suppression, hepatotoxicity 

and pancreatitis.11 Additionally, long-term 
exposure to steroids confers a greater risk of 

side effects and long-term complications 
such as diabetes and osteoporosis, in 
addition to inferior maintenance of disease 

control.12 As such, we favor early and 
aggressive therapy with biologicals for the 

treatment of Crohn’s disease in patients with 
moderate to severe disease, gross 
endoscopic signs of inflammation, or high-

risk disease phenotypes (fistulizing, 
stricturing, and perianal disease).   

*Definitions – In clinical trials, an 
aggregate scoring system composed of 
symptoms and laboratory values is 

commonly used to measure response and 
remission. This scale is known as the 

Crohn’s Disease Activity Index (CDAI) and 
is laborious to calculate. The CDAI score 
ranges from 0-450. Generally, remission is 

defined as a score <150, mild to moderate 
disease falls between 150-220, and moderate 

to severe disease is considered to be 220-
450. A response is most commonly defined 
as a fall of 100 points from the baseline 

score, but some trials consider a fall of 70 
points significant. Understanding the 

difference between response (a drop from 
the initial score) and remission (a score 
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below 150) is critical to interpretation of 
studies. Additionally, induction refers to the 

first dose or several doses of medication 
(Example: dose at weeks 0, 2, and 6 for 

infliximab) whereas maintenance therapy 
refers to recurrent dosing at regular intervals 
after induction, which may range from every 

2 to 8 weeks depending on the medication. 
 

II. Use of Salicylates 

Aminosalicylates (5-ASA) are a 
family of medications with various 

formulations that deliver the active 
ingredient, mesalamine, to target sites.  This 

class was one of the first available therapies 
for IBD. Mesalamine acts as an anti-
inflammatory at the intestinal epithelium 

and remains a cornerstone of induction and 
maintenance therapy in Ulcerative Colitis 

(UC).  In the past, salicylates including 
sulfasalazine have been used in CD, but 
more recent literature argues against their 

routine use.  Because a hallmark of CD is 
transmural (full thickness) inflammation, 

topical therapies have proven inadequate. 
Ford et al. performed a systematic review 
and meta analysis to examine the role of 

salicylates in active or quiescent CD.13 
Twenty-three placebo-controlled trials were 

identified that compared the use of 
salicylates to placebo.  Results varied 
between trials, but overall, 5-ASAs were 

only slightly superior to placebo for 
inducing remission (RR 0.89 95% CI = 

0.80-0.99).  In over 1200 patients, 5-ASAs 
were not superior to placebo for prevention 
of disease relapse (RR 0.97, 95% CI = 0.90-

1.05). These agents are still used by some 
practitioners for mild disease, although there 

is limited evidence in the literature to 
support the practice. Certain CD patients 
with left sided disease (confined to the 

colon, distal to the splenic flexure) may 
benefit from 5-ASAs, particularly 

sulfasalazine, although the side effect profile 
of sulfa drugs can limit therapy. Certain 

mesalamine formulations, particularly those 
with pH dependent release in the small 

bowel (Pentasa, Shire) may improve 
symptoms but have not been proven to 

induce mucosal healing as monotherapy.14 
 
III. Vedolizumab 

Approved in 2014 for adults with 
adults with moderate to severely active CD, 

vedolizumab (Entyvio), represents a novel 
therapeutic pathway for Crohn’s treatment.  
Vedolizumab is a gut-specific monoclonal 

antibody (mAb) that inhibits leukocyte 
migration by blocking alpha-4 beta-7 

integrin expressed on gut-homing 
lymphocytes.15 This prevents chemotaxis 
and decreases the mucosal immune 

response, particularly in the large bowel. Its 
predecessor, natalizumab, also approved for 

CD, inhibits both alpha-4 beta-1 and alpha-4 
beta-7 integrins. Alpha-4 beta-1 integrins are 
found in the CNS, and natalizumab has been 

implicated in JC virus reactivation causing 
progessive multifocal leukoencephalopathy 

(PML), a lethal disorder.16 To date, no cases 
of PML have been identified with 
vedolizumab treatment.   

Vedolizumab is given as a 300mg IV 
infusion at weeks zero, two, and six then 

every 8 weeks thereafter. The GEMINI trials 
led to vedolizumab’s entrance to the 
market.17,18 Three hundred sixty-eight 

patients with moderate to severe CD and a 
failure of other treatments were randomized 

to receive vedolizumab or placebo. Fifteen 
percent were in clinical remission at 6 weeks 
compared to 7% for placebo (p=0.02). In a 

second open- label cohort, 747 patients 
received vedolizumab at weeks 0 and 2. In 

this group, 34% had a clinical response and 
18% were in remission week 6. Then, the 
307 patients from both trials who exhibited a 

response were included in a 52-week 
maintenance study. After 1 year of therapy, 

36% and 39% were in clinical remission 
when dosed at every 4 or every 8 weeks, 
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respectively compared to 21% for placebo, 
showing that dosing every 8 weeks was 

sufficient. Some seasoned 
gastroenterologists use vedolizumab every 4 

weeks in select situations, but this is based 
on individual experience. In another separate 
trial dubbed GEMINI III, vedolizumab was 

tested in 315 patients with 1 or more anti-
TNF failures at weeks 6 and 10. Stricter 

criteria (fall of 100 points in CDAI) was 
applied to qualify as a response to therapy. 
In this very sick population, after 6 weeks of 

therapy, no difference was seen between 
vedolizumab and placebo (15% vs 12%, 

p=0.43). However, at week 10, the treatment 
group showed a significantly higher 
proportion patients in remission than 

placebo (27% vs 12%, p=.001). 
These data argue that it takes time, 

up to 14 weeks to gain full pharmacologic 
effect.  If no response is seen by week 14, 
vedolizumab should be discontinued. 

Additionally, the relatively low response and 
remission rates (compared to infliximab, for 

example) may be explained by several 
factors. Firstly, the patients in these trials 
had a long duration of disease (9 years) 

history of surgeries (41%) or fistulizing 
disease (37%); in other words, they were 

long into their disease course and the 
fibrotic (rather than acute inflammatory) 
stage of disease. Additionally, we have 

learned from other studies that exposure to 
sequential immunosuppressive agents 

lowers the response rate to subsequent 
therapy. For biologicals, your first chance 
for response is often your best, and early 

therapy may prevent long-term 
complications. Additionally, subgroup 

analyses in CD studies and more favorable 
outcomes in UC studies have led to the idea 
that vedolizumab demonstrates better 

efficacy in the colon than the small bowel, 
positioning it as a better choice for UC 

patients. 

The key advantage of this drug is its 
safety profile.19 Across the 6 trials of 

vedolizumab for UC and CD, risk of serious 
infection was higher in placebo compared to 

treatment (83 infections per 100 person 
years [PY] vs. 64/100 PY). The occurrence 
rate of malignancy while on therapy is low 

(18 total cancers across 2830 patients). 
Neither have there been signals for bone 

marrow suppression or hepatotoxicity. In 
summary, vedolizumab is an option for CD 
patients who have failed conventional or anti 

TNF therapy, and is best positioned for use 
in populations at higher risk for malignancy 

or infections (the very young and very old) 
or those with isolated colonic disease. A 
modicum of patience is required as effect 

tends to peak between 10-14 weeks.  
 

IV. Ustekinumab 

Ustekinumab is a monoclonal antibody that 
has been used in the treatment of psoriasis 

and psoriatic arthritis since 2009. The FDA 
approved ustekinumab in 2016 for the 

treatment of moderate to severe Crohn’s 
disease. It targets the shared p40 subunit of 
interleukin-12 and interleukin-23, thus 

representing a novel therapeutic mechanism. 
Inhibiting this subunit prevents T-cell 

maturation and differentiation, along with 
some natural killer cell and antigen 
presenting cell populations.20 Ustekinumab 

is administered in a unique manner: the first 
dose is a rough weight-based infusion, 

followed by a standard maintenance dose of 
90mg subcutaneously every 8 weeks.  In this 
way, it offers the convenience of SC dosing 

after the initial infusion, a factor many 
patients appreciate. 

The UNITI trials evaluated safety 
and efficacy for this medication in CD 
patients.  UNITI-1 examined induction in 

patients with moderate to severe disease 
who had failed therapy with one or more 

TNF-alpha inhibitors.21 A total of 741 
patients were randomized to one of three 
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treatment arms: IV Placebo, IV ustekinumab 
130mg, or weight based ustekinumab 

6mg/kg (260mg for ≤ 55kg, 390mg for 56-
85kg, 520mg for > 85kg). At week 6, 34% 

of patients receiving 130mg of ustekinumab 
and 34% of the patients receiving weight 
based dosing showed a clinical response 

compared to 22% for placebo (p = 0.003 for 
both groups). Twenty-one percent of 

patients on weight-based ustekinumab were 
in remission at 8 weeks compared to 7% for 
placebo (p<0.001) after a single infusion. 

UNITI-2 examined efficacy and 
safety of IV ustekinumab induction in 

patients who had failed either corticosteroids 
or immunomodulators, but were naïve or 
had not failed TNF inhibitors – essentially a 

group with less drug and disease exposure. 
In this trial, 628 patients were randomized to 

one of three treatment arms: ustekinumab 
130mg, weight based ustekinumab, or 
placebo.22 After 6 weeks, 52% of patients 

who received 130mg of ustekinumab and 
56% of patients on weight based 

ustekinumab showed a clinical response 
compared to 29% for placebo (p<0.001 for 
both groups). Remission rates at 8 weeks 

were 31% and 40% for standard vs weight 
based dosing (p=0.009 and <0.001, 

respectively compared to 20% of patients in 
the control group. Finally, ustekinumab 
shows very promising maintenance data. 

Clinical responders from UNITY I and II 
were randomized to receive SC ustekinumab 

every 8 or 12 weeks compared to placebo. 
At one year, 53.1% of patients on 8-week 
dosing and 48.8% of patients on 12-week 

dosing were in remission compared to 
35.9% of those receiving placebo (p<0.01).  

Similar to vedolizumab, ustekinumab 
enjoys a very favorable safety profile.  As 
with all biologic agents, concern for 

reactivation of latent tuberculosis or 
hepatitis prompts testing for exposure to 

these infections prior to starting therapy. 
However, after 8 weeks of therapy with 

ustekinumab, the incidence of adverse 
events, serious adverse events, as well as 

infections were no different from placebo. 
There were no deaths, major cardiac events, 

or cases of tuberculosis. 
In summary, ustekinumab is a very 

promising therapy for CD patients. As CD is 

a T-cell mediated disease, modifying T-cell 
maturation is a plausible approach to 

treatment. Response and remission rates are 
very promising for patients with 
longstanding disease and recent diagnoses 

alike. Package labeling indications are for 
those that have failed immunomodulators, 

corticosteroids, or biologics, but some 
experts predict that this agent could be 
positioned as first line therapy in the future, 

given its overall efficacy, safety profile and 
convenience of administration. 

 
V. Noninvasive Disease Monitoring 

In recent years, testing for the 

presence of proteins called calprotectin and 
lactoferrin in the stool has become accepted 

as a noninvasive measure of disease activity.  
Calprotectin is a protein present in the 
cytosol of gut neutrophils and macrophages 

in the intestinal epithelium.23 Similarly, 
lactoferrin is a iron-containing bactericidal 

enzyme contained in secretory granules of 
PMNs and mucous membranes.24 The 
concentration of both enzymes is increased 

in the setting of acute inflammation and is a 
reliable indicator of disease activity.25 Both 

markers are highly sensitive and specific, 
with studies demonstrating the use of 
calprotectin to differentiate inflammatory 

bowel disease from other disease states with 
similar symptomatology, including irritable 

bowel syndrome (IBS). Fecal calprotectin 
levels correlate closely with endoscopic 
disease activity and can even predict 

flares.26 The choice of which biomarker to 
use varies regionally based on local 

laboratory availability and institutional 
practice. Following the concentration of 
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fecal calprotectin over time is often done to 
monitor disease activity and assess response 

to therapy, and since the cost of the test is 
relatively low compared to colonoscopy, it 

can be used as a substitute to reduce the 
frequency of endoscopic procedures.   
 

VI. Drug Monitoring 

Biologic therapy is more often being 

tailored to the individual by periodic 
assessment of drug concentration, otherwise 
known as therapeutic monitoring. Multiple 

factors including the patient’s volume of 
distribution, serum protein levels, extent and 

severity of endoscopic disease (allowing for 
leakage of protein via the gut), and high 
baseline CRP all influence the concentration 

of mAb in serum.27 Studies demonstrate that 
drug concentration must meet a certain 

threshold for therapeutic efficacy, although 
the exact level may differ from patient to 
patient.28 In general, concentrations of 

infliximab above 3.5 ug/mL are associated 
with a greater chance of remission and lower 

risk of relapse while some experts advocate 
a target of 5 ug/mL29,30.  The utility of 
therapeutic drug monitoring for 

vedolizumab and ustekinumab remains to be 
seen as their pharmacokinetic profile is not 

weight based and there is little evidence 
supporting dose escalation.  

It has long been recognized that 

exposure to monoclonal antibodies can lead 
to formation of anti-drug antibodies (ADA) 

in a small fraction of patients. This type of 
immunogenicity most commonly occurs 
with interrupted or episodic dosing, and 

once antibodies against the drug are present 
in sufficient quantity, they neutralize the 

drug rendering therapy less effective or 
ineffective entirely.31 The presence of ADA 
also increases the risk of infusion reactions 

and can lower the drug concentration. ADA 
formation is of particular concern with TNF 

inhibitors, with the highest rates (6-61%) 
seen in infliximab.32 Conversely, in the 

GEMINI trials, antibody formation against 
Vedolizumab was 4%.17 If a patient has 

interruptions in therapy or loses response 
during treatment, it becomes appropriate to 

check for anti-drug antibodies. If anti-drug 
antibodies are detected at high levels 
without a measurable drug trough, a change 

in medication is indicated. Additionally, the 
use of immunomodulators (azathioprine, 

methotrexate) has been shown both to 
reduce the incidence antibody formation and 
increase drug trough levels.33 

 
VII. Biosimilars 

Recently, products that mirror the 
pharmacologic effects of monoclonal 
antibodies have reached the market. Termed 

“biosimilars”, these compounds are copies 
of the reference product, in this case, 

monoclonal antibodies; although biosimilars 
have become available for other biological 
products including proteins (GCSF, 

erythropoietin), insulin, gene therapy, and 
vaccines.34 Biosimilars must be “highly 

similar” and without “clinically meaningful 
differences in safety, purity, or potency of 
the product.35 Practitioners have voiced 

concerns regarding the efficacy, safety, and 
interchangeability of these products.  

Manufacturers of biosimilars must 
provide analytic (pharmacodynamics, 
pharmacokinetics) along with nonclinical 

and clinical data to the FDA.  After rigorous 
analysis and proof of similarity, these 

complex molecules may be approved for use 
and substituted for the reference product, 
although laws regarding substitution vary 

from state to state.  Based on the principle of 
extrapolation, the FDA has not required that 

biosimilars be tested for each approved 
indication.  In other words, after 
demonstrating clinical noninferiority and 

similar safety in one population, biosimilars 
may be used and exchanged for indications 

that have not been formally studied.  In the 
case of infliximab, its analogue compound, 
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CT-P13 was compared to reference IFX in 
606 patients in a double blinded 

multinational RCT for active rheumatoid 
arthritis (RA).36 In the study, comparable 

rates of disease response, adverse events, 
and antibody formation were seen for the 
two drugs. Similar head to head results were 

seen in 250 patients with active Ankylosing 
Spondylitis along with identical risk of 

tuberculosis and infusion reactions.37 CT-
P13 was approved for Crohn’s disease the 
basis of these two studies. 

Current clinical experience with 
biosimilars in IBD then, comes from 

observational cohorts. Most show 
comparable treatment effects along with 
rates of ADA formation and drug levels38-40. 

A meta-analysis of 11 nonrandomized 
studies showed favorable initial response 

and remission rates to CT-P13 for both CD 
and UC.41 Patients who switched from 
infliximab to the biosimilar also maintained 

their response and rates of adverse events 
were similar. The Norswitch trial 

randomized nearly 500 patients 1:1 to 
receive continued infliximab or biosimilar 
and found that drug switching across 

multiple indications to the biosimilar 
product was not inferior.42 Randomized data 

in IBD however, is limited.    
Cost saving is the key purported 

advantage of biosimilars. Models project 

reduction in drug cost of about 10-30%, 
along with hundreds of millions in savings 

in the process of drug approval43. The 
potential multinational impact across 
multiple indications is massive.  At this 

writing, there are 3 biosimilar versions of 
infliximab (Inflectra, Renflexis, Ifixi). As 

biological patents expire and more 
biosimilars reach the market, we may expect 
individual drug costs to further decrease and 

thus predict increased usage of biosimilars 
in the treatment of IBD as payers look for 

methods of cost reduction. Long-term 
treatment registries to monitor safety and 

efficacy are needed to examine the impact of 
biosimilars on IBD care. 

 
VIII. Conclusions 

Many significant shifts and 
developments have occurred in the treatment 
of Crohn’s disease over the last 5-10 years. 

As we progress toward an age of 
individualized IBD therapy, 

gastroenterologists attempt to match the 
intensity of therapy with disease severity 
and where possible choose medications that 

target areas affected by inflammation. We 
have learned from numerous trials that 

patients with less exposure to 
immunosuppressive medications and shorter 
durations of disease have a greater chance of 

responding to early treatment with biologics. 
Data shows that the benefits of salicylates 

are few for most patients with CD. Step up 
therapy is increasingly recognized to delay 
or reduce the complications of this menacing 

disease and may lead to better outcomes and 
lower costs. Vedolizumab and Ustekinumab 

are novel therapeutic agents with excellent 
safety profiles and are they flanked by 
numerous medications under study in phase 

II and III trials. Therapeutic drug monitoring 
and noninvasive disease markers are 

increasingly used to tailor medical therapy. 
Finally, twenty years after the first biologic 
became available; we now have biosimilars 

reaching the market. Time will tell if this 
class truly offers identical efficacy. The 

future is bright for patients and clinicians 
alike in the fight against IBD.  
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