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Abstract: Crohn’s disease is a complex, relapsing and remitting inflammatory disorder of the gastrointestinal tract with a variable
disease course. While the treatment options for Crohn’s disease have dramatically increased over the past two decades, predicting
individual patient response to treatment remains a challenge. As a result, patients often cycle through multiple different therapies
before finding an effective treatment which can lead to disease complications, increased costs, and decreased quality of life. Recently,
there has been increased emphasis on personalized medicine in Crohn’s disease to identify individual patients who require early
advanced therapy to prevent complications of their disease. In this review, we summarize our current approach to management of
Crohn’s disease by identifying risk factors for severe or disabling disease and tailoring individual treatments to patient-specific goals.
Lastly, we outline our knowledge gaps in implementing personalized Crohn’s disease treatment and describe the future directions in
precision medicine.
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Introduction

Crohn’s disease (CD) is a type of inflammatory bowel disease (IBD) that is characterized by chronic relapsing
inflammation that can affect any segment of the gastrointestinal (GI) tract." The global incidence and prevalence of
CD has been increasing with improved understanding of the clinical presentation, diagnosis, and natural history of the
disease.” The landscape of treatment options for CD has dramatically progressed over the past two decades and has
stimulated a significant increase in research and interest in the field. Despite these advances, the disease course of CD
varies widely among patients and predicting individual responses to treatment remains a challenge. Therefore, there has
been growing momentum towards a personalized approach to managing CD patients in hopes to tailor treatment towards
specific patients’ disease course and manifestations. This review aims to summarize current treatment approaches in CD
as well as future directions in CD care that will help achieve the goal of personalized treatment.

Risk Stratification and Predicting Disease Prognosis

The disease course of CD differs among individual patients. Approximately 20% of patients may have prolonged
remission after initial presentation.>* In contrast, many patients experience a chronic, progressive form of CD and
some studies report a 50% risk of developing intestinal complications within 20 years of diagnosis which frequently
require surgical intervention.” Furthermore, patients with CD have significantly higher risk of overall mortality and
colorectal cancer in patients with colonic involvement compared to the population.” '* A large meta-analysis demon-
strated an all-cause standardized mortality ratio of 1.38 (95% confidence interval, 1.06-1.35) for patients with CD.’
Lastly, CD patients frequently have a significant decrease in quality of life both physically, psychologically, and
socioeconomically because of their disease.''™'® Therefore, it is critical to risk stratify individual patients based on
their specific disease characteristics to better personalize their treatment and improve outcomes. Predicting disease
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outcomes in CD is complex with many different variables factoring into overall prognosis. This section will focus on
what variables predict severe disease to risk stratify patients and determine which patients would benefit from early
advanced therapies (Box 1).'

Assessing Current Disease Activity

One of the first steps towards assessing overall disease severity in CD is evaluating the current disease activity.
Historically, this has been evaluated with a combination of symptom assessment, biochemical assessment, and endo-
scopic/radiologic evaluation. Disease activity combined with assessment of an individual patient’s disease characteristics
helps to prognosticate overall disease severity and predict outcomes.'’

Assessment of current disease activity is done with a combination of subjective symptom scoring measures as well as
objective assessment of inflammation including laboratory markers of inflammation and endoscopic evaluation. Two
commonly used symptom-based scoring systems are the CD Activity Index (CDAI) and the Harvey-Bradshaw Index
(HBI)."® The HBI has been shown to correlate with the CDAI and both are useful tools to help stratify patients into four
main categories of disease activity based on symptoms including clinical remission, mild disease, moderate disease, and
severe-fulminant disease (Table 1)."”

Next, laboratory markers of inflammation provide useful information for the assessment of current CD inflammatory
burden. Two commonly used markers are C-reactive protein (CRP) and fecal calprotectin (FCP). CRP is produced by the
liver in response to an inflammatory process, both acute and chronic.?® Several cytokines that are associated with active
CD including IL-6, IL-1PB, and TNF-a stimulate the production of CRP. However, these cytokines are also produced
during other causes of inflammation, such as infection and other inflammatory diseases, and thus CRP is not specific to
CD.?! Several studies have demonstrated a correlation between CRP and endoscopic and histologic activity in patients
with CD.?** Interestingly, Oh et al showed that elevated CRP is associated with CD-related hospitalization and
subsequent CD-related intestinal resection even in patients in clinical remission.”* In contrast, some studies have
shown a weaker correlation between CRP and disease activity. For example, Denis et al evaluated 28 patients with
CDAI > 150 (suggesting at least mild symptoms) but normal CRP levels and found that 92.9% of patients had
endoscopic lesions, though most lesions were mild.*> Therefore, clinicians may need to incorporate CRP with other
markers of inflammation to obtain the most accurate assessment of CD activity. FCP is another marker of inflammation;

Box | Risk factors for severe Crohn’s disease®

High Risk Features for Severe Crohn’s Disease

Younger age at diagnosis (less than 30 years)

Elevated inflammatory markers (CRP and/or fecal calprotectin)

Deep ulcers on colonoscopy

Fistulizing or penetrating phenotype

Perianal disease

Extensive anatomic involvement

Symptoms refractory to corticosteroid use

Tobacco use

Prior bowel resections

Notes: *Data from Peyrin-Biroulet L, Panes |, Sandborn WJ, et al. Defining
Disease Severity in Infllammatory Bowel Diseases: Current and Future
Directions. Clin Gastroenterol Hepatol. 2016;14(3):348-354 e17.'®
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Table | Harvey-Bradshaw Index®

Symptom Score
General well being 0 = Very well
| = Slightly poor
2 = Poor
3 = Very poor
4 = Terrible
Abdominal pain 0 = None
I = Mild
2 = Moderate
3 = Severe
Number of liquid stools per day | point per liquid stool
Abdominal mass 0 = None
| = Dubious
2 = Definite
3 = Definite with tenderness
Complications | point for each: Arthralgia, uveitis, erythema nodosum, aphthous
ulcers, pyoderma gangrenosum, anal fissure, new fistula, abscess
Total score Remission <5
Mild disease 5-7
Moderate disease 8-16
Severe disease >16

Notes: *Data from Harvey RF, Bradshaw JM. A simple index of Crohn’s-disease activity. Lancet. Mar 8 1980;1(8167):514.'®
=, equals; <, less than; >, greater than.

however, it differs from CRP in that it is specific to inflammation in the GI tract. Calprotectin is a calcium and zinc bound
protein primarily found in neutrophils and its presence in feces is a result of neutrophil migration to the GI tract due to an
inflammatory process.”® Several studies have demonstrated a correlation of FCP levels with clinical activity scores and
endoscopic activity.”’ >° Furthermore, multiple studies demonstrate a stronger correlation of FCP to endoscopic scores of
CD activity compared to CRP or other biomarkers of inflammation.*'**> However, some studies suggested that the
sensitivity of FCP for detecting endoscopic ulcerations in ileal disease was lower than colonic and ileocolonic
disease.?®>*3% A more recent study by Buisson et al demonstrated that FCP can be reliably used to detect endoscopic
ulcerations in ileal disease if the FCP threshold is set lower at 200 pg/g, compared to 250 pg/g with ileocolonic or
colonic disease.* The study showed no significant difference in area under curve, sensitivity, and specificity at these
thresholds. Therefore, FCP levels are a valuable tool for clinicians to use as an objective marker of GI inflammation and
help differentiate patients’ subjective symptoms from true CD activity, though physicians should be aware of the
threshold differences of FCP levels based on location of disease.

Other biomarkers have been investigated as markers of CD activity though generally are less specific than CRP and FCP.
Erythrocyte sedimentation rate (ESR) is a serum laboratory test that is a non-specific measure of inflammation. ESR is
elevated during inflammation because pro-sedimentary factors, primarily fibrinogen, cause red blood cells to stick together
and settle faster.’> Alper et al demonstrated a correlation between elevated ESR levels and clinical and endoscopic disease
activity.*® However, elevated ESR can be seen in other causes of inflammation, anemia, kidney disease, and certain
malignancies so it needs to be combined with other assessments of disease activity for accurate interpretation. Platelet
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count is another marker of inflammation that has been shown to correlate with disease activity in IBD.?’ Further, platelet
activation factors including platelet factor 4 and -thromboglobulin have been shown to correlate with CD activity even in
patients with normal CRP.*® The main disadvantage of platelet count in assessing CD activity is its lack of specificity for GI
inflammation. Overall, there is no single biomarker that will reliably predict disease activity for each individual patient.
Therefore, clinicians should identify the biomarker of inflammation that correlates best with symptoms and endoscopic
activity and track that biomarker to guide response to treatment and identify early recurrence of inflammation.

Lastly, endoscopic evaluation should be performed to further assess current disease activity. Two commonly used
scoring systems for endoscopic evaluation of CD include the CD Endoscopic Index of Severity (CDEIS) and the Simple
Endoscopic Score for CD (SES-CD).>**° The advantage of these scoring systems is that they provide excellent intra-
observer agreement and are reproducible. The main disadvantage is the time required to complete the scoring systems and
thus these are more often used in clinical trials than routinely in clinical practice. The SES-CD was derived from the CDEIS
in order to simplify the scoring system for endoscopists; both are validated tools and correlate well with clinical parameters
(Table 2).*' The resulting scores stratify patients into inactive, mild, moderate, and severe endoscopic disease activity.

Other Factors That Influence Disease Severity

In addition to symptoms and inflammatory burden, there are several other disease characteristics that are predictive of
overall disease severity (prognosis) and can help guide treatment. These include demographic variables such as age of
diagnosis, disease extent including involvement of the rectum, disease phenotype including perianal involvement, and
history of intestinal surgeries. To help categorize CD patients by disease severity, several classification systems have been
developed. The first was the Rome Classification which was proposed by the International Working Party in 1991 and
included disease extent, anatomical location, behavior, and operative history.43 This was revised in 1998 in Vienna at the
World Congress of Gastroenterology by including age of onset as well as disease location and behavior.** This
classification was further updated in 2005 to what is known as the Montreal Classification and includes a pediatric
age group subset and is the most commonly used classification today (Table 3).*> The Montreal Classification also

Table 2 Simple Endoscopic Score for CD (SES-CD)?

lleum | Right Colon | Transverse | Left Colon | Rectum Total
Colon

Size of ulcers (diameter) | 0 = Absent
| = Aphthous ulcers, 0.1-0.5 cm
2 = Large ulcers, 0.5-2 cm

3 = Very large ulcers, >2 cm

Ulcerated surface 0 = none

| = <10% of the segment

2 = 10-30% of the segment
3 = >30% of the segment

Affected surface

= none

0
| = <50% of the segment
2 = 50-75% of the segment
3 = >75% of the segment

Presence of narrowings | 0 = none
| = Single, passable by scope
2 = Multiple, passable by scope

3 = Not passable, frank stenosis

Notes: In the majority of studies, CD severity is defined as inactive when SES-CD was 0-2; mild when 3—6; moderate 7—15; and severe >16.*2 *Data from Daperno M,
D’Haens G, Van Assche G, et al. Development and validation of a new, simplified endoscopic activity score for Crohn’s disease: the SES-CD. Gastrointest Endosc.
2004;60(4):50542.40 =, equals; <, less than; >, greater than.
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Table 3 Montreal Classification for CD?

Clinical Factors Classification

Age at diagnosis Al: < 16 years
A2: 17 to 40 years
A3: > 40 years

Disease location LI: ileal
L2: colonic
L3: ileocolonic

L4: upper Gl tract*

Disease behavior B1: Nonstricturing, nonpenetrating
B2: stricturing

B3: penetrating

P: perianal disease™**

Notes: *Data from Silverberg MS, Satsangi ], Ahmad T, et al. Toward an
integrated clinical, molecular and serological classification of inflamma-
tory bowel disease: report of a Working Party of the 2005 Montreal
World Congress of Gastroenterology. Can | Gastroenterol. 2005;19 Suppl
A5A-36A.* <, Less than or equal to; >, greater than; *L4 is a modifier
that can be added to LI-L3 when concomitant upper Gl disease is
present. **P is added to BI-B3 when concomitant perianal disease is
present.

includes perianal disease and upper GI involvement as potential modifiers of disease behavior and location rather than
separate phenotypes.

Disease Behavior

CD behavior has historically been split into three separate phenotypes; inflammatory (also referred to as nonstricturing,
nonpenetrating), stricturing, and penetrating. Penetrating disease is considered the most aggressive and severe form of
CD and characterized by presence of intestinal fistulas and/or intraabdominal abscess due to transmural inflammation.
Fistulas can develop between the bowel and any adjacent organ including other areas of bowel, bladder, and vagina.
Furthermore, if the sinus tract is not complete, intraabdominal abscesses can form. This subtype of CD is associated with
disabling disease and the need for more frequent surgical intervention.**>° The stricturing phenotype of CD is
characterized by inflammation leading to intestinal fibrosis and luminal narrowing. Once these fibrostenotic changes
occur, medical therapies are less likely to reverse this process and surgery is often necessary. Both the stricturing and
penetrating phenotypes are considered more aggressive than the inflammatory phenotype as they have repeatedly been
demonstrated to be associated with need for initial surgery, re-operation, and need for corticosteroid use.**7 However,
chronic untreated inflammation can lead to development of these complications and thus early recognition and treatment
of patients with high inflammatory burden may decrease the likelihood of developing these complications.

Presence of perianal disease is considered a modifier to either of the three above listed phenotypes rather than its own
distinct phenotype. However, the presence of perianal disease has been associated with more disabling disease, more
complications, and need for greater immunosuppression treatment.*>>* % Furthermore, Tarrant et al. Observed 715 CD
patients in New Zealand and found that presence of perianal disease is a strong predictor of change in CD behavior from
inflammatory to stricturing or penetrating phenotypes.®' Therefore, patients with perianal disease should be considered
high risk for severe disease and thus treated accordingly.

Disease Location and Extent

CD can affect any part of the GI tract though it is most often seen in the colon and terminal ileum. Approximately 50% of
CD patients will have involvement in the terminal ileum, including 30% who have isolated small bowel involvement.®*
Disease location has historically been categorized into three subtypes including ileal disease, colonic disease, and
ileocolonic disease. This is important as multiple population-based studies have shown an association between presence
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of small bowel disease and need for surgery.”' >>*** This is likely due to a higher propensity to develop strictures and
penetrating complications in small bowel disease.*>¢1:%476¢ While colonic involvement in CD is associated with less
need for surgery, it increases the risk of colorectal cancer.®'°

Like perianal disease, upper GI involvement of CD is considered a modifier of disease location rather than a separate
entity. Some studies suggest upper GI involvement correlates with more severe forms of CD and is associated with
increased hospitalizations, need for surgery, and increased risk of progression to stricturing and penetrating
phenotypes.”*”%® However, other studies have not demonstrated these findings and thus the correlation of upper GI

involvement and severe CD remains controversial.®*7!

Demographic Variables
Younger age at diagnosis has consistently been shown to be a negative prognostic predictor in CD. For example, Polito
et al showed that diagnosis of CD prior to age 20 was associated with greater small bowel involvement, more stricturing
disease, and a higher frequency of surgery.”> Beaugerie et al similarly showed in a study of 1123 patients that age of
diagnosis prior to age 40 was an independent risk factor for development of disabling disease in the next five years.”
Similar findings have been described in many population-based studies across the world.*>%7+7

Other demographic variables have not shown as strong of correlation to worse disease outcomes. For example, female
sex has been evaluated as a potential risk factor for more severe disease with mostly mixed results. A few studies have

suggested higher rates of extra-intestinal manifestations (EIMs) in female sex,’®’®

though overall rates of disabling
disease does not appear to significantly differ between sexes.’” Some older studies suggested a link between racial and
ethnic minorities and more severe disease manifestations, such as high operation rates and higher prevalence of
EIMs,””®” though more recent studies have not detected a difference in disease severity, behavior, or EIMs by
race.®"* Similarly, a US-based study showed an association between lower socioeconomic status and worse outcomes
in CD.® In contrast, a French population-based study showed no difference in disease severity based on socioeconomics
which may be explained by easier access to healthcare in France.** Taken together, these data would suggest racial and
ethnic minorities and lower socioeconomic status may be linked to worse outcomes likely due to reduced access to
healthcare rather than inherently more severe disease.

Tobacco use has repeatedly been shown to be a modifiable risk factor that is predictor of poor outcomes in CD.>*8588
CD patients should be encouraged to quit smoking and educated about their risks for more severe disease.

Steroid Use

Corticosteroids are frequently used to induce remission in CD but are not an effective maintenance medication. However,
the need for steroid treatment is associated with an increased risk for developing disabling disease as well as increased
risk of progression to stricturing or penetrating phenotypes.’®*®">*" Therefore, most patients who require steroids for
induction tend to have more severe disease and will require biologic therapies to facilitate withdrawal of steroids and for
maintenance of remission.

Personalized Treatment in Crohn’s Disease — Current Approaches

After careful assessment of a patient’s disease activity and overall disease severity, it is now appropriate to determine the
best course of treatment. Historically, CD treatment strategies were guided by symptoms alone.’® > However, there is
growing evidence that treatment strategies based on symptom control alone often do not change the natural course of the
disease, as underlying inflammation may persist even in the absence of symptoms.”>*** Therefore, current approaches to
CD treatment focus on a “treat to target” strategy, which was first introduced in 2015 in the Selecting Therapeutic Targets
in Inflammatory Bowel Disease (STRIDE) program developed by the International Organization for the Study of
Inflammatory Bowel Diseases (IOIBD).”> This was later updated in 2021 in STRIDE-II and established evidence-
based guidelines for clinically useful treatment targets in CD in order improve long term outcomes and prevent disease-
related complications.”® These targets focus on disease remission, which includes symptomatic, biochemical, and
endoscopic remission. Even with dramatic advances in available medical therapies for CD, a large proportion of patients
enrolled in clinical trials did not achieve biochemical or endoscopic remission. Furthermore, while the focus of this
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review is on medical therapy of CD, many complications that develop because of the disease, such as strictures and
fistulas, will not respond to medical therapy alone and require surgical intervention. Therefore, consultation with
surgeons remains an important aspect of patient care. Lastly, given the diversity in clinical presentation and disease
course as well as multitude of treatment options available, it is unlikely that clinical trials will produce guidelines on how
to treat every clinical scenario in CD. However, clinicians should aim to individualize treatment as much as possible by
factoring in treatments that have the best chance for clinical response, while also incorporating patient specific factors
such as cost of therapy, patient adherence, safety, and patient preferences.

Available Medical Therapies in Crohn’s Disease

Corticosteroids

Corticosteroids are commonly used as the initial medical therapy for patients with moderate to severe CD who require rapid
symptom relief. However, their use is limited to short-term induction because of their association with many side effects
including but not limited to increased risk of infection, osteoporosis, weight gain, and venous thromboembolism.”’
Corticosteroids have also not been shown to be effective as a maintenance therapy in CD.”® There is growing evidence
that even short-term corticosteroid use is associated with adverse events in IBD including sepsis, venous thromboembolism,
and fractures.”” Therefore, corticosteroid use should be limited to a short course, ideally less than twelve weeks, and serve
as a bridge to maintenance therapy with an advanced therapy. The most frequently prescribed corticosteroid medications in
the outpatient setting in CD are budesonide and prednisone. Budesonide is recommended as first line therapy in patients
with mild to moderate ileal or proximal colonic disease as it is formulated to undergo pH-dependent release in the distal
ileum, followed by absorption and rapid hepatic metabolism to compounds with minimal or no systemic glucocorticoid
activity.'° Budesonide has been shown to be as effective at inducing remission in mild to moderate disease as prednisone
and prednisolone, but associated with fewer adverse events.'” '*® In contrast, prednisone can be used in patients who do
not respond to budesonide or patients with more extensive disease.

5-Aminosalicylates (5-ASA)

The 5-ASA class of medications has been widely employed in the treatment of IBD due to their anti-inflammatory effects.
Their use in ulcerative colitis (UC) is well established as an effective treatment for induction and maintenance of
remission.'®*'%> However, data supporting its use in CD is controversial. Early meta-analyses of various clinical trials
evaluating the efficacy of mesalamine in maintenance of medically induced remission in CD suggested a modest benefit
with mesalamine use.'°'®® Another meta-analysis from 2010 demonstrated that sulfasalazine was more likely to induce
remission compared to placebo, though this effect was only seen in patients with isolated colitis.'® However, a more recent
Cochrane systematic review from 2016 found no evidence to suggest that oral 5-ASA preparations are superior to placebo
for the maintenance of medically induced remission.''® Lastly, the American College of Gastroenterology CD guidelines
recommend against the use of 5-ASAs based on lack of evidence supporting their efficacy.''! Therefore, we suggest against
routine use of 5-ASAs in the treatment of CD, though sulfasalazine may be considered in mild cases of colonic CD.

Immunomodulators

The class of medications termed immunomodulators, including azathioprine, 6-mercaptopurine, and methotrexate, have
been used to treat patients with IBD since the late 1960’s because of their immunosuppressive effects.
Immunomodulators are not effective agents in inducing symptomatic remission in CD because of their slow onset of

action, often taking up to three months to take effect.'®®

Many studies have demonstrated efficacy of immunomodulators
as monotherapy in maintenance of remission compared to placebo.''*™''> However, the side effect profile of immuno-
modulators including allergic reactions, pancreatitis, myelosuppression, nausea, infections, hepatotoxicity, pulmonary
toxicity (methotrexate only) and malignancy (including nonmelanoma skin cancer and lymphoma) make them a less
attractive option compared to advanced therapies.

Combination therapy with an immunomodulator and anti-TNF medication is an alternative approach and generally
preferred in those patients who do not have risk factors precluding their use. When used for induction, combination therapy

is used for three main purposes: to treat inflammation via multiple mechanisms which leads to synergistic effect, to reduce

Clinical and Experimental Gastroenterology 2023:16 https: 255

Dove:


https://www.dovepress.com
https://www.dovepress.com

Clinton and Cross Dove

immunogenicity against biologic therapy, and to improve the pharmacokinetics of biologic therapy. In the SONIC trial of
508 patients with moderate to severe CD who were biologic and immunomodulator treatment naive, patients who received
combination infliximab (IFX) and azathioprine were more likely to achieve steroid-free remission and mucosal healing at
26 weeks compared to both azathioprine or IFX monotherapy.''® Infection rates were similar in patients receiving
combination versus monotherapy. Interestingly, a post-hoc analysis of the SONIC trial examined the trough concentrations
of IFX in both combination and infliximab monotherapy and found that rates of clinical remission and immunogenicity
were not significantly different in the quartile of patients with highest serum IFX concentrations.''” This would suggest that
the benefit from combination therapy may primarily be from enhanced pharmacokinetics, and immunogenicity may be
avoided with higher serum drug concentrations. The downside to this approach would be the need for proactive drug
monitoring and thus higher cost and potential issues with insurance approval for higher doses of the anti-TNF.

There have not been large randomized controlled trials assessing combination adalimumab (ADA) or certolizumab
with immunomodulators. However, one systematic review and meta-analysis suggested mild superiority of combination
ADA and immunomodulator therapy to ADA monotherapy for induction of remission.''® Another more recent meta-
analysis failed to demonstrate superiority of ADA combination therapy compared to monotherapy; however, lower rates
of immunogenicity was noted in the combination group.''® Two trials also demonstrated similar reduction in immuno-
genicity in patients treated with combination IFX and immunomodulator compared to IFX monotherapy and noted no
significant difference between use of azathioprine or methotrexate as the immunomodulator.'*'?!

The benefits of continuing combination treatment for maintenance therapy are less clear and the decision must be
individualized. In a randomized controlled trial of 80 patients who achieved remission with combination IFX and an
immunomodulator, the authors found similar disease relapse rates between combination and IFX monotherapy-treated
patients at 104 weeks.'** However, they did note lower CRP values and higher IFX trough levels in the combination
therapy group. Similarly, a meta-analysis of four studies examining the efficacy of ADA monotherapy compared to the
combination of ADA and immunomodulator found similar rates of relapse at one year for patients who achieved
remission after induction with combination therapy.''® The decision to continue or withdrawal concurrent immunomo-
dulator is nuanced and based on a number of factors including comorbid conditions that make continuing combination
therapy higher risk for adverse events, therapeutic drug levels on combination therapy, prior history of immunogenicity,
and patient preference. Before withdrawing concurrent immunomodulator therapy, we verify that patients are in biologic
and endoscopic remission, assess therapeutic drug levels verifying that the patient is in a therapeutic range, and generally
verify receipt of combination therapy for 624 months.

Biologic Therapies

TNF Inhibitors

TNF inhibitors or anti-TNF medications were the first biologic therapy approved for treatment of CD, starting with IFX
in 1998. They remain one of the most frequently used class of therapies in CD because of their efficacy and abundance of
clinical data collected over the last three decades since their introduction. The three medications in this class approved for
CD are IFX, ADA, and certolizumab. IFX was first evaluated in the short term by Targan et al who demonstrated
a clinical response in 41% of patients treated with a single dose of infliximab at 5 mg/kg compared to 12% of patients
treated with placebo.'?* A follow up study termed the ACCENT 1 trial by Hanauer et al demonstrated that patients who
had clinical response to an initial dose of IFX were more likely to remain in remission at week 30, week 54, and to
discontinue steroids if they were kept on maintenance IFX dosing every 8 weeks compared to placebo.'** Similarly,
ADA was FDA approved for the treatment of CD in 2007 following the CHARM trial which demonstrated that patients
treated with ADA were more likely to achieve remission at 26 weeks (47% vs 17%) and maintain remission at 56 weeks
(41% vs 12%) compared to placebo-treated patients.'> Lastly, certolizumab was FDA approved for treatment of CD in
2008 following a trial by Sandborn et al which showed improved clinical response rate at weeks 6 and 26 compared to
placebo.'?® However, no significant difference was seen in rates of remission compared to placebo.

Efficacy in Fistulizing Disease
Treatment of perianal and fistulizing CD is complex and frequently requires a combination of medical and surgical
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therapy. TNF inhibitors, particularly IFX, have the strongest supporting evidence of all biologic therapies in the
medical treatment of perianal and fistulizing CD. In a study of 94 CD patients with either abdominal or perianal
draining fistulas, Present et al showed that treatment with IFX at either 5 mg/kg or 10 mg/kg achieved a 50% or more
reduction in number of draining fistulas in two consecutive follow up visits at a significantly higher rate compared to
placebo (68%, 56%, vs 26% respectively).'?” They also noted significantly more patients in the IFX groups had closure
of all fistulas compared to placebo (55%, 38%, vs 13% respectively). Following this, the ACCENT II trial by Sands
et al evaluated 306 CD patients with either abdominal or perianal fistulas that were treated with 5 mg/kg infliximab at
0, 2, and 6 weeks and then continued every 8-week maintenance dosing infliximab or placebo. The authors found that
in patients who responded to initial induction therapy, those treated with IFX maintenance therapy were significantly
more likely to have complete absence of draining fistulas compared to placebo (36% vs 19%).'2® A post hoc analysis
of the ACCENT II trial evaluated women with rectovaginal fistulas at baseline and found that among responders to
IFX induction, 72.2% of rectovaginal fistulas were no longer draining at week 14.'* Further, the duration of fistula
closure was longer for patients on IFX maintenance treatment compared to placebo (46 weeks vs 33 weeks median).
There are no large prospective randomized trials that evaluated ADA or certolizumab for fistula closure though some
evidence suggests they may be effective for fistula healing. A small open label trial showed a significant decrease in
the mean number of draining fistulas per day in patients treated with ADA compared to placebo."*® In the subset of
patients from the CHARM trial with draining fistulas at baseline, patients treated with ADA had a higher rate of fistula
response and closure compared to placebo, though this was not statistically significant.'*> Post hoc analysis of two
ADA maintenance trials did not find a statistical difference in fistula closure in patients treated with ADA compared to
placebo.'*"*!*? Similar findings were seen in post hoc analysis of certolizumab trials which suggested possible benefit

for fistula closure, though no direct studies have assessed this.'?*'3?

Comparing TNF Inhibitors

There are no head-to-head randomized controlled trials that compare the efficacy of the different TNF inhibitors in the
treatment of CD. However, there have been several meta-analyses published which suggest that there are no significant
differences in the efficacy of IFX and ADA, but that certolizumab may be less likely to induce remission compared to the
other two agents.'**"'*¢ Therefore, certolizumab is used as a second- or third-line agent in the class. IFX has historically
been administered as an intravenous (IV) infusion whereas ADA is administered as a subcutaneous injection, which some
patients may prefer as a more practical route of administration. However, a SC form of IFX has been developed and
a recent phase III trial compared its efficacy to placebo in maintenance of moderate to severe CD.'*” The LIBERTY-CD
trial included 343 patients with moderate to severe CD who underwent IFX IV induction and had clinical response and
then were randomized to receive IFX SC 120 mg every two weeks or placebo. At week 54, the rate of clinical remission
was greater in the IFX SC compared to placebo (62.3% vs 32.1% respectively, P < 0.0001) as well as endoscopic
response rate (51.1% vs 17.9% respectively, P < 0.0001). Celltrion SC formulation of IFX, marketed as Zymfentra, was
recently FDA approved for the use in maintenance of moderate to severe CD."*® This may be another draw for IFX in the
treatment of CD as many patients prefer SC administration for practical purposes.

It is not recommended to effectively switch between TNF inhibitors for non-medical reasons as this may worsen
outcomes. This was evaluated in the SWITCH trial which examined patients previously controlled with IFX who were
then randomized to continue IFX or switch to ADA. The authors found that those that switched to ADA were
significantly more likely to develop loss of tolerance and loss of efficacy than those that continued IFX.'** However,
switching to a second TNF inhibitor after failure or intolerance to a first TNF inhibitor is a potential option for patients.
In a randomized controlled trial of 325 patients with CD previously treated with IFX and with either loss of response or
intolerance to the medication, 21% of patients who were treated with ADA compared to 7% of patients treated with
placebo achieved clinical remission at week 4 (p < 0.001)."*? These results may be improved with knowledge of
therapeutic drug levels. Patients with loss of response with significant antidrug antibodies are likely to respond to
a switch within class whereas those with therapeutic drug levels are likely best served by changing to a therapy with

a different mechanism of action.
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Safety Profile

TNF inhibitors are well tolerated, and most common adverse effects are minor and do not require drug discontinuation.
However, serious adverse events have been reported; therefore, patients should be counseled on these potential adverse
effects before initiating the medication. The main adverse effects associated with TNF inhibitor use include but are not
limited to increased risk of infection (particularly reactivation of tuberculosis and Hepatitis B), melanoma skin cancer,
lymphoma, demyelinating disorders, lupus-like reactions, and skin reactions.'**"'*¢ Prior to starting TNF inhibitors, all
patients should be screened for exposure to tuberculosis and hepatitis B. The risks of infection and lymphoma are
accentuated in patients on a TNF inhibitor and immunomodulator."*” Once patients initiate therapy, they should receive
all age-appropriate vaccinations. Additionally, they should receive vaccines to prevent pneumococcus and shingles
regardless of age. We similarly recommend vaccinations in other advanced therapies. They also should undergo regular
dermatologic evaluation and gynecology care for women.

Medications Targeting Leukocyte Trafficking

Vedolizumab

Vedolizumab (VDZ) is a humanized anti-a4f7 integrin monoclonal antibody which blocks the interaction between a4f7
integrin and MAdCAM-1, which is mainly expressed on the GI tract endothelial cells.'*® This is thought to prevent
leukocyte trafficking specifically in the GI tract. VDZ has been shown to be effective for achieving increased rates of
clinical response, clinical remission, and steroid-free remission compared to placebo. In a large randomized controlled
trial by Sandborn et al of 368 patients, VDZ-treated patients had higher rates of clinical remission at week 6 compared to
placebo (14.5% vs 6.2%, P = 0.02), and those who had response to induction had higher likelihood of remaining in
clinical remission at week 52 if treated with every 8 or 4 weeks maintenance dosing of VDZ compared to placebo
(39.0%, 36%, and 21.6% respectively, p < 0.001 and P = 0.004)."*’ Another study by Sands et al evaluated patients who
previously failed TNF inhibitor therapy and compared treatment with VDZ to placebo.'>® There was no significant
difference in rates of clinical remission at week 6 between VDZ and placebo-treated patients; however, there was
a significant difference at week 10 (26.6% vs 12.1%, p = 0.001), suggesting a longer onset of action of VDZ compared to
TNF inhibitors. Two other large meta analyses found similar findings of VDZ efficacy in induction and maintenance of
clinical outcomes although efficacy seems to be greatest in TNF inhibitor naive versus TNF inhibitor exposed
patients.'>"*'>2 VDZ has been shown to be effective as monotherapy because of low rates of immunogenicity in clinical
trials. VDZ has historically been administered as an IV infusion, however a recent phase III clinical trial examined a new
SC formulation.'>® The VISIBLE 2 trial evaluated 410 patients with moderate to severe CD who were clinical responders
to VDZ IV induction therapy and randomized them to receive VDZ 108 mg SC every two weeks or placebo. The authors
found that at week 52, 48.0% of patients receiving vedolizumab SC were in clinical remission compared to 34.3%
receiving placebo (p = 0.008). Vedolizumab SC is currently undergoing reviewal by the FDA for approval for
maintenance therapy for moderate to severe CD.'>* This is exciting as many patients prefer SC injection as a more
practical route of administration.

Safety Profile

VDZ has a very favorable safety profile compared to other biologics for management of CD. Long-term safety data
suggested a mildly increased rate of infections compared to placebo (0.85 vs 0.70 infections per patient year).'>
Common adverse reactions include headaches, arthralgias, and nasopharyngitis. There have been four cases of serious
liver injury attributed to VDZ in long-term safety trials. Rates of malignancy were low and similar to placebo (0.4% vs

0.3%). Injection site reaction was the only new safety event observed for VDZ SC.'>

Natalizumab

Natalizumab is an anti-a4 integrin antibody which interferes with leukocyte trafficking in the GI tract and brain.'>®
Natalizumab has been shown to be effective at inducing clinical response and clinical remission at rates that are
comparable to VDZ as shown in two large meta-analyses.'>"*'>” It was also shown to be equally efficacious for both anti-

TNF naive and anti-TNF exposed patients. However, the main drawback with use of natalizumab in CD is the risk of
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progressive multifocal leukoencephalopathy (PML), caused by the John Cunningham (JC) virus. A large safety study by
Bloomgren et al demonstrated that the rate of PML among patients who were positive for anti-JC virus antibodies, had
taken immunosuppressants before the initiation of natalizumab therapy, and had received 25 to 48 months of natalizumab
treatment was as high as 1.1 cases per 100 patients.'>® Therefore, natalizumab is primarily used in medically refractory
patients or those with concurrent multiple sclerosis; patients must be screened for JC virus antibodies prior to initiation of
therapy and every 6 months thereafter.

Medications Targeting IL-12/23

Ustekinumab

Ustekinumab (UST) is a monoclonal antibody to the p40 subunit of IL-12 and IL-23, which are pro-inflammatory
cytokines with receptors on T cells, natural killer cells, and antigen-presenting cells.'*” UST at a dose of 130 mg or 6 mg/
kg was shown to be more effective than placebo in achieving clinical response at week 6 after induction both in patients
who were previously treated with TNF inhibitors (34.3%, 33.7%, and 21.5%, respectively, p < 0.003 for both doses) and
those who failed other conventional therapy (51.7%, 55.5%, and 28.7%, respectively, p < 0.001 for both doses).'®®
Patients who responded to UST induction were randomized to receive UST maintenance therapy at every 8- or 12-week
dosing or placebo. UST-treated patients were significantly more likely to be in remission at week 44 compared to placebo
(53.1% and 48.8%, vs 35.9% respectively, p = 0.005 and p = 0.04). Therefore, UST can be used as first line treatment or
considered as a second line agent in patients who previously failed other therapies including TNF inhibitors. Clinical
trials also noted overall low rates of immunogenicity to UST (<3%) and thus UST is frequently used as monotherapy
rather than combined with an immunomodulator.

Safety Profile

UST has a very favorable safety profile. The main adverse events seen in clinical trials of UST include hypersensitivity
reactions (<1%), nonmelanoma skin cancer (0.2%, similar to placebo), other malignancies (0.2%), and serious infections
(2.3%, similar to placebo).'*® A long-term safety study of patients with psoriasis treated with UST termed the PSOLAR
registry found low rates of malignancy (0.68/100PY), major cardiac events (0.33/100PY), serious infections (1.60/
100PY), and overall mortality (0.46/100PY)."®" Notably, unadjusted rates of serious infection for IFX (2.91/100PY) and
other biologics (1.91/100PY) were numerically higher compared with UST (0.93/100PY)."®!

Risankizumab

Risankizumab is a monoclonal antibody that binds to the p19 subunit of IL-23 leading to decreased inflammation.'® The
ADVANCE and MOTIVATE trials were two phase 3 randomized controlled trials that evaluated risankizumab for
induction therapy in CD finding that risankizumab at a doses of 600 and 1200 mg were significantly more likely to
induce remission compared to placebo (45%, 42%, vs 25% respectively in ADVANCE, 42%, 40%, vs 20% respectively
in MOTIVATE).'®> The ADVANCE trial included both patients who were biologic naive and biologic exposed while
MOTIVATE only included patients who were biologic exposed. Following this, the FORTIFY maintenance trial
demonstrated that patients who responded to induction and were treated with risankizumab maintenance therapy at
360 mg were more likely to be in clinical remission (52% vs 41%) and endoscopic response (47% vs 22%) at week 52
compared to placebo.'®* Therefore, risankizumab is a viable option for treatment of patients with moderate to severe CD
both in biologic naive and biologic exposed patients.

Safety Profile

Risankizumab was well tolerated in clinical trials with low overall rates of adverse events. The FORTIFY trial reported
overall low rates of serious infections (3—4%), malignancy (1%), injection site reactions (5-6%), major cardiac events
(1%), and hepatic events (3-4%).'®* Long-term safety data on patients with psoriasis treated with risankizumab similarly
showed low rates of serious adverse events (7.8 per 100 PY), serious infections (1.2 per 100 PY), nonmelanoma skin
cancer (NMSC) (0.7 per 100 PY), malignant tumors excluding NMSC (0.5 per 100 PY), and major cardiac events
(0.3 per 100 PY).'®> Because of a case of drug-induced liver injury in the ADVANCE and MOTIVATE trials, monitoring
of hepatic function tests during induction is recommended.
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Small Molecules

JAK Inhibitors

Upadacitinib

In May 2023 following two phase 3 induction trials U-EXCEL and U-EXCEED and one maintenance trial U-ENDURE,
the FDA approved upadacitinib for treatment of adults with moderate to severe CD.'®® Upadacitinib is an oral Janus
kinase (JAK) inhibitor that down-regulates multiple proinflammatory cytokines, including interleukin 1L-2, IL-4, IL-6,
IL-7, IL-9, IL-15, IL-21, and interferon gamma, that are relevant to the pathogenesis of CD.'®” The induction trials
included 526 patients in U-EXCEL and 495 patients in U-EXCEED who were randomized in a 2:1 ratio to receive 45 mg
upadacitinib or placebo once daily for 12 weeks.'®® The authors found a statistically significant difference in rates of
CDAI clinical remission (49.5% vs 29.1%, in U-EXCEL and 38.9% vs 21.1%, in U-EXCEED, p < 0.001 for both
comparisons) and endoscopic response (45.5% vs 13.1% in U-EXCEL and 34.6% vs 3.5% in U-EXCEED, p < 0.001 for
both comparisons) for patients treated with upadacitinib compared to placebo. The maintenance trial U-ENDURE
included patients who had clinical response to upadacitinib induction therapy and were randomized in a 1:1:1 ratio to
receive 15 mg upadacitinib, 30 mg upadacitinib, or placebo once daily for 52 weeks. The authors found a statistically
significant difference in rates of CDAI clinical remission (37.3% vs 47.6% vs 15.1%, p < 0.001 for both comparisons),
and endoscopic response (27.6% vs 40.1% vs 7.3%, p < 0.001 for both comparisons) for 15 mg upadacitinib and 30 mg
upadacitinib compared to placebo. Of note, in U-EXCEL 45.4% had previous failure to biologic therapy and in
U-ENDURE 75.1% had previous failure to biologic therapy. These results suggest that upadacitinib is effective treatment
option for the management of adult patients with moderate to severe CD both in biologic naive and exposed patients.
Furthermore, the practical benefits and ease of administration of an oral medication is attractive to many patients.

Safety Profile

In long-term safety data studies of upadacitinib in the treatment of rheumatoid arthritis, psoriatic arthritis, ankylosing
spondylitis, and atopic dermatitis, the main adverse events included but were not limited to increased risk of herpes
zoster infections, serious infections, non-melanoma skin cancer, and elevations in creatine phosphokinase levels.'®® In the
previously mentioned CD phase 3 trials, similar findings of increased risk of herpes zoster infections, serious infections,
and elevated creatine kinase were seen.'®® There was also a dose-dependent effect with upadacitinib therapy for herpes
zoster infection, hepatic disorder, and neutropenia. Lastly, there were four cases of gastrointestinal perforation with
45 mg upadacitinib treatment during the induction trials as well as one gastrointestinal perforation in all three groups in
the maintenance trial. However, it is unclear if this adverse event was treatment related or an inherent risk of disease
progression in CD. Lastly, there was a large post marketing trial which compared patients treated with another JAK
inhibitor tofacitinib and patients treated with TNF inhibitors for rheumatoid arthritis and were at least 50 years of age and
had at least one cardiovascular risk factor.'®® The authors found increased rates of major adverse cardiovascular events
(defined as cardiovascular death, myocardial infarction, and stroke), thrombosis (including deep venous thrombosis,
pulmonary embolism, and arterial thrombosis), and malignancies (excluding NMSC, lymphomas, and lung cancer in
current or past smokers). This risk was not seen in a long-term safety study of UC patients treated with tofacitinib.'”
Extrapolating data from rheumatologic disease to IBD is difficult as they have different pathogenesis and the demo-
graphics of the patient population are quite different with RA patients being older and with a greater number of comorbid
conditions including cardiovascular risk factors. Regardless, treatment with any JAK inhibitor should be used with
caution in older patients and patients with cardiovascular risk factors. Overall, upadacitinib was well tolerated in the CD
trials however more long-term data is needed to identify rare or long latency events.

Comparing Advanced Therapies

Despite the rapidly increasing number of drug therapies available for treatment of CD, primary nonresponse or loss of
response remains common. Additionally, no diagnostic tests exist to guide clinicians as to which treatment is “right” for
a given patient. Ideally, there would be clear comparative data of available biologic therapies in CD to help guide
clinicians. However, head-to-head trials are sparse and much of our knowledge comes from meta-analyses and expert
opinion.

260 hetps: Clinical and Experimental Gastroenterology 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Clinton and Cross

The SEAVUE trial by Sands et al is one of the few head-to-head randomized controlled trials of biologic therapies in
CD comparing the efficacy of UST and ADA in 386 patients who had failed conventional therapy and were biologic
naive.'”' Patients were randomized to ADA or UST induction followed by maintenance therapy with a primary endpoint
of clinical remission at week 52 (CDAI score <150). There was no significant difference in the proportion of patients in
clinical remission between UST and ADA-treated patients (65% vs 61%, p = 0.42). ADA-treated patients had high rates
of anti-drug antibodies compared to UST-treated patients (74% vs 2%); however, the presence of anti-drug antibodies
was not associated with response to treatment. Another head-to-head randomized controlled phase 3 trial titled
SEQUENCE recently released preliminary data comparing UST to risankizumab.'’* The study included patients with
moderate to severe CD who had previously failed anti-TNF therapy and found that rates of clinical remission at week 24
for patients treated with risankizumab was non-inferior to UST (clinical remission rates 59% vs 40% respectively).
Furthermore, patients treated with Risankizumab met superiority compared to those treated with UST in regard to
endoscopic remission rates at week 48 (32% vs 16% respectively, p < 0.0001). Full results from the SEQUENCE trial are
expected to be presented at future medical meetings and later submitted for publication.

A large systematic review and network meta-analysis of phase 2 and phase 3 randomized controlled trials was
published in 2021 by Singh et al.'”®> The authors found that for biologic naive patients, IFX monotherapy (odds ratio
[OR] 4.53), combination IFX and azathioprine (OR 7.49), ADA (OR 3.01), and UST (OR 2.63) were significantly more
likely to induce remission compared to certolizumab. Combination therapy with IFX and azathioprine was also
significantly more likely to induce remission compared to VDZ (OR 3.76). For biologic exposed patients, ADA after
loss of response to IFX (OR 2.82), and risankizumab (OR 2.10) were significantly more likely to induce remission
compared to VDZ. Therefore, the authors suggest that IFX in combination with azathioprine and ADA have strongest
evidence for first line therapy and ADA or risankizumab are preferred therapies in anti-TNF exposed patients.

Predicting and Monitoring Response to Therapy

With the push towards personalized medicine in CD, it is important to identify patients most likely to respond to individual
treatments, including biologic therapies. However, there are few validated clinical tools for predicting response to therapy
that are widely available at this time for use by clinicians. Currently, clinicians rely of therapeutic drug monitoring and
specific biomarkers in addition to subjective clinical parameters to help guide adjustments in therapy.

Along with clinical assessment of patients with risk factors for severe or disabling disease, machine learning models
are being developed to help clinicians predict which patients are at risk for severe disease and require early intervention.
Waljee et al developed a random forest model using data from IBD patients at the Veterans Health Administration and
were able to accurately predict the risk of hospitalization and/or corticosteroid use for IBD within 6 months.'”* The
authors noted that the five leading risk factors for hospitalization and/or steroid use were age, mean serum albumin,
immunosuppressive medication use, and mean and highest platelet counts. Models such as this would be helpful to
simplify the process of identifying high-risk CD patients for clinicians so that they could be initiated on early therapy to
prevent complications.

For thiopurine based immunomodulators, including azathioprine and 6-mercaptopurine, measurement of thiopurine
methyltransferase (TPMT) polymorphisms is an effective tool to improve overall clinical response and prevent adverse
effects of therapy, particularly bone marrow suppression.'”> Azathioprine and 6-mercaptopurine are metabolized by TPMT
and hypoxanthine phosphoribosyl transferase (HPRT) to 6-thioguanine nucleotides (6-TGn) and 6-methyl mercaptopurine
(6-MMP).'”® The metabolite 6-TGn functions as a purine antagonist inducing lymphocytotoxicity and immunosuppression.
Genetic polymorphisms in TPMT activity have been observed with either low or intermediate activity of the enzyme which
leads to preferential metabolism of 6-mercaptopurine to 6-TGn.'’®!'”” This can lead to potentially toxic levels of 6-TGn and
resulting bone marrow suppression.'”®'®® Therefore, patients with intermediate or low TPMT activity are recommended to
undergo a low-dose treatment strategy with azathioprine or 6-mercaptopurine and several studies have demonstrated that
this strategy is effective and safe.'®""'®2 TPMT activity measurement is recommended for all patients prior to initiation of
azathioprine or 6-mercaptopurine to help predict clinical response and adjust dosing to prevent potentially toxic side
effects.'® Furthermore, therapeutic drug monitoring of thiopurine based immunomodulators is currently performed by
measuring the metabolites 6-TGn and 6-MMP. However, these tests are expensive and poor predictors of clinical response
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as shown by a large meta-analysis which estimated a sensitivity and specificity of 62% and 72% respectively.'5+ 156

Therefore, Waljee et al developed a machine learning algorithm (MLA) that incorporated laboratory values and patient age
in a population of IBD patients on thiopurine therapy and more accurately predicted clinical responders compared to
measurement of 6-TGn levels.'®” Waljee et al subsequently created further MLAs that predicted clinical response on more
objective measures rather than subjective patient responses and found that the MLAs continued to more accurately predict
clinical remission compared to 6-TGn levels and those patients in MLA predicted remission had less adverse clinical events
including new steroid prescriptions, hospitalizations, and abdominal surgeries.'®® These MLA are not currently widely
available however the authors noted that a trial of three MLAs used at the University of Michigan, which replaced
thiopurine metabolite measurement, reduced total expenditures by $75,000. This is promising that easily accessible and
practical MLAs will be developed for widespread clinical use.

Similarly, multiple tools are employed to monitor response to biologic therapies. Therapeutic drug monitoring (TDM)
is a clinical tool that involves measurement of serum drug levels and anti-drug antibodies.'® Historically, TDM was used
in a reactive manner when there was suspected loss of response of a biologic therapy. Clinicians measure serum drug
levels and anti-drug antibodies to determine the presence and mechanism of loss of response to help guide whether
therapy should be dose optimized, switched to another therapy within the same class, or switched to another class of
biologic therapy. This strategy is effective as demonstrated in the PANTS trial which showed that low serum drug levels
was associated with primary non-response in CD patients treated with I[FX or ADA. Similarly, multiple studies have
shown that anti-drug antibodies are associated with treatment failure due to increased clearance of the drug.'**'*' More
recently, proactive TDM has been explored as a personalized treatment strategy to identify patients at risk of treatment
failure prior to them showing clinically apparent effects. Several studies have supported this approach citing association
of proactive TDM with several important clinical outcomes including need to discontinue drug therapy, steroid-free
clinical remission, need for surgery, need for hospitalization, and mucosal healing.'”*'*® In contrast, several large
clinical trials demonstrated that proactive TDM compared to reactive were similarly efficacious.'”’'*° Therefore, most
guidelines do not make strong recommendations on the use of proactive TDM as more understanding of which patients
would benefit from this approach is needed.'® Along with TDM, other biomarkers of inflammation such as FCP are
useful in monitoring response to therapy and tailoring therapy adjustments to specific patients. The CALM trial
demonstrated that combining concentrations of FCP and CRP with assessment of clinical symptoms was superior to
assessment of clinical symptoms alone. This was likely due to rapid optimization of therapy and thus higher proportion of
patients with improved clinical outcomes including mucosal healing, deep remission, biological remission, and steroid-
free remission.””® As discussed previously, no single biomarker will reliably predict disease for every patient and
therefore a combination of multiple biomarkers is needed to best monitor response to therapy.

Predicting individual response to biologic therapy is a challenging endeavor but one of great research interest. Dulai
et al published a validated scoring system for predicting response to VDZ in which they collected data from the GEMINI
2 trial of CD patients treated with VDZ for 26 weeks and validated the scoring system with data from the VICTORY
cohort.”®" The authors identified lack of previous anti-TNF treatment (+3 points), absence of prior bowel surgery (+2
points), absence of fistulizing disease (+2 points), baseline level of albumin (+0.4 points per g/L), and baseline CRP
(reduction of 0.5 points for values between 3.0 and 10.0 mg/L and 3.0 points for values >10.0 mg/L) as factors associated
with remission. Scores of 13 or greater identified patients achieving clinical remission with sensitivity of 92%,
corticosteroid-free remission with sensitivity 94%, and mucosal healing with sensitivity of 100%. Though it was not
designed for CD, Waljee et al also developed a clinical prediction tool for predicting corticosteroid-free endoscopic
remission with vedolizumab in ulcerative colitis using random forest models.>*> The models used data up to week 6 of
VDZ therapy from phase 3 clinical trials of VDZ for induction and maintenance of UC and were able to accurately
predict corticosteroid-free endoscopic remission (area under receiver operating curve (AUROC) 0.73 (95% CI: 0.65—
0.82). The authors noted the five strongest predictors of corticosteroid-free endoscopic remission at week 52 were FCP at
week 6, the slope of VDZ level, the slope of FCP, albumin at week 6, and VDZ level at week 6. Waljee et al developed
similar machine learning models to predict Crohn’s disease remission beyond week 42 in patients treated with UST using
phase 3 clinical trial data.”*®> Using demographic and laboratory data through week 8 of UST therapy, the models
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accurately predicted Crohn’s disease remission (defined as CRP level lower than 5 mg/dL as a proxy for biological
remission) with AUROC 0.78 (95% CI, 0.69-0.87).

Various biomarkers have been investigated to help predict response to therapy, though few have proven reliable.
However, Caviglia et al published a study that investigated multiple biomarkers including serum zonulin, a biomarker of
intestinal permeability; soluble CD163, a macrophage activation marker; and a panel of serum cytokines in IBD patients
treated with biologic therapy compared to control patients diagnosed with irritable bowel syndrome.*** Out of all
investigated biomarkers, the authors found that reduction in levels of IL-6 from baseline to 10 weeks of biologic therapy
was associated with a 4.7-fold higher probability of achieving a clinical response at 12 months of biologic therapy
compared to patients with no IL-6 reduction. IL-6 is a promising biomarker that may help predict response to therapy,
though it is not specific to CD and is produced in other causes of inflammation. Lastly, there has been a push towards
evaluating genetic markers that may predict response to biologic therapies. However, they have generally performed
poorly in predicting response to specific therapies. For example, a systematic review by Bek et al found no genetic
markers currently available which are adequately predictive of anti-TNF response.?®>

Pragmatically, applying individualized prediction tools for each therapy is cumbersome and unlikely to be widely
adopted. However, some existing tools, such as CDPATH, can help patients make more informed decisions about their
management.”*® The CDPATH tool uses blood tests to help predict the potential risk of developing serious Crohn’s
disease-related complications within three years. The tool is used primarily for prognostic purposes, however the
information provided is helpful for both patients and clinicians to personalize their treatment plan based on predicted
risks of severe disease. Development of clinical prediction tools that are practical, accessible, and can accurately predict
response to available therapies is needed and currently not available.

Extraintestinal Manifestations

Extraintestinal manifestations (EIMs) are a diverse collection of conditions that occur outside the GI tract and frequently
affect patients with CD. Trikudanathan, Venkatesh, and Navaneethan detail many of EIMs seen in CD in their review
article.”’” The authors note that some of these EIMs are directly related to GI inflammation including some forms of
inflammatory arthritis, oral aphthous ulcers, erythema nodosum, and episcleritis. Another group of EIMs appear to follow
an independent course from the underlying GI disease including polyarticular arthritis, ankylosing spondylitis, pyoderma
gangrenosum, primary sclerosing cholangitis, and uveitis. Regardless of the correlation between EIMs and intestinal
inflammation, the presence of concurrent EIM can have a detrimental effect on quality of life and increase the complexity
of treatment. Personalizing biologic therapy in patients with concurrent EIM is even more critical (Table 4). For example,
anti-TNF may be preferred in patients with peripheral or axial arthritis whereas risankizumab or UST may be preferred in
patients with concurrent psoriasis.

TNF Inhibitors

TNF inhibitors demonstrated efficacy for cutaneous, musculoskeletal, and ocular EIMs in several studies. A large
systematic review noted that patients with pyoderma gangrenosum treated with TNF inhibitors had complete response
in 21-25% of patients in interventional and 92—-100% patients in non-interventional studies.”*® There were comparable

Table 4 Biologic Therapy for Management of EIMs

EIM Biologic Therapy Class

Peripheral arthritis TNF inhibitors, IL 12/23, upadacitinib, vedolizumab?
Spondyloarthropathy TNF inhibitors, upadacitinib

Dermatologic manifestations TNF inhibitors, IL12/23?, upadacitinib?

Ocular manifestations TNF inhibitors

Notes: : This symbol next to medications indicates there is mixed or inconclusive evidence supporting
their use for the specific EIM.
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results seen in erythema nodosum and stomatitis. TNF inhibitors led to reduction of arthralgias (47.1% to 26.8% in one
open label trial) and arthritis (8.7% to 2.1% and 58% to 12.5% in two open label trials). TNF inhibitors also improved
symptoms in ocular manifestations in most patients. Furthermore, a pooled analysis of IFX-treated EIMs (musculoske-
letal, ocular, and cutaneous manifestations) in the Swiss IBD cohort study showed clinical improvement in 74% of

patients.*® This same group found clinical improvement in ADA-treated EIMs in 70% of patients.

Medications Targeting Leukocyte Trafficking

VDZ is gut selective and thus one may expect it is not effective in treatment of EIMs. However, a study of 294 IBD patients
treated with VDZ of which 49 had at least one EIM reported clinical remission rates of 44.7% for arthritis/inflammatory
arthralgia (n = 47) and 75% for cutaneous manifestations (n = 4)2' In contrast, a meta-analysis which included three
interventional studies, five non-interventional studies and three case series found no significant effect on arthralgias/arthritis
or cutaneous manifestations after treatment with VDZ.?!! Therefore, VDZ should be prescribed for treatment of intestinal
activity rather than for EIMs although it still may be beneficial for EIMs that parallel intestinal activity.

Medications Targeting IL-12/23
There are currently no prospective studies evaluating the efficacy of UST in the treatment of EIMs. However, some
retrospective studies have suggested improvement in arthralgia symptoms as well as dermatologic manifestations. One
retrospective study of 152 patients with CD of which 46 patients reported arthralgia at baseline found that 82.6% of
patients had complete resolution of arthralgia symptoms at week 52.2'> A second retrospective study of 70 IBD patients
(64 with CD, 6 with UC) who were started on UST for concomitant active psoriasis (45 patients) or psoriatic arthritis (25
patients) found that 60% of patients with psoriatic arthritis achieved clinical remission.”'* Among the 45 patients with
psoriasis, 84.2% achieved clinical remission. Finally, there have been several case reports and series suggesting clinical
improvement or remission in patients with erythema nodosum or pyoderma gangrenosum, though larger studies are
needed to draw any significant conclusions regarding UST’s efficacy in these conditions.?'*>!”

The other major drug in the IL-12/23 class risankizumab has not yet been evaluated for efficacy in treatment of EIMs
and thus recommendations regarding its use cannot be made. However, risankizumab is FDA approved for treatment of
psoriasis and some studies suggest improved efficacy compared to UST.?'® Whether similar effects may be seen in other

cutaneous EIMs remains unknown.

JAK Inhibitors

As upadacitinib was only recently FDA approved in May 2023, there is sparse data on its efficacy in treating EIMs for
CD patients. However, analysis of upadacitinib clinical trials for UC show promising evidence supporting their efficacy
in treating peripheral and axial arthropathies.’'”??° Data from two phase 3 induction trials U-ACHIEVE and
U-ACCOMPLISH and one maintenance trial U-ACHIEVE were analyzed and found that anemia, peripheral arthropathy,
and axial arthropathy were the most common EIMs present at the start of the trials. The authors found that there was
increased percentage of patients with resolution of peripheral and axial arthropathy at week 8 for patients treated with
upadacitinib 45 mg daily compared to placebo (54.7% vs 42.1%, p > 0.05). At week 52, there was a statistically
significant increased proportion of patients with resolution of peripheral and axial arthropathy for patients treated with
upadacitinib 30 mg daily compared to placebo (66.7% vs 22.2%, p = 0.01) and a non-statistically significant increased
proportion of patients treated with upadacitinib 15 mg daily compared to placebo (38.5% vs 22.2%, p > 0.05). Incidence
of other EIMs was low (<2%) and so no significant conclusions can be drawn about the efficacy of upadacitinib in their
management. Lastly, there have been case reports of patients with rheumatologic disorders including rheumatoid arthritis
and spondyloarthritis with associated pyoderma gangrenosum that showed improvement in the skin lesions after
treatment with upadacitinib.?*'*** However, more data is needed before any significant conclusions can be drawn

about its efficacy in treating dermatologic EIMs.
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Non-Medical Approaches to Personalized Medicine in IBD

Beyond medical therapy, there has been increased emphasis on non-pharmacologic approaches towards medical treat-
ment in IBD that may improve overall patient care and quality of life. Furthermore, technology has increasingly been
used in medical care to better facilitate medical access for patients. An example of this is the TELE-IBD trial which
compared patients with IBD who were randomized to a telemedicine intervention group or standard care.”*> The
telemedicine intervention patients received a series of texts either weekly or every other week which assessed IBD
symptoms using modified disease activity scores. The authors found that quality of life scores were increased in all
groups but the telemedicine intervention patients had less IBD-related hospitalizations and were more likely to have non-
invasive diagnostic tests and electronic encounters compared to controls. Further research is needed but this study
highlights that telemedicine may be an alternative approach to IBD care that could tailor to individual patient needs and
decrease costs and utilization in the process.

Another non-pharmacologic approach to IBD care is the evolving concept of the IBD medical home.*** The concept
of a patient centered medical home was originally designed in primary care as a way to organize and coordinate all
aspects of an individual patient’s medical care in a comprehensive care network.”*> Several studies have suggested
improved patient and provider satisfaction as well as decreased unplanned care, but mixed data on costs savings.**¢*’
Given the complex nature of IBD and its widespread effects beyond the GI tract including medical, behavioral, and
socioeconomic impacts, there is a unique opportunity for value-based care in a patient centered model. Two examples of
IBD medical homes are the University of Pittsburgh model and the Illinois Gastroenterology Group’s Project Sonar. The
University of Pittsburgh group analyzed data from patients enrolled in their specialty medical home and found that
compared to the year prior to enrollment in the program, patients had a significant reduction in emergency department
hospitalizations, as well as significant reductions in clinical disease activity scores and improved quality of life scores.?*®
Project SONAR also reports significant reductions in emergency department visits, hospitalization, and improvement in
patient satisfaction.?*’

The CAPTURE IBD trial explored a similar model to the medical home by incorporating proactive symptoms
monitoring with a care coordinator triggered algorithms to create a patient-tailored multicomponent care coordination
intervention.”*® This trial randomized IBD patients at a single center to a care coordination intervention or usual care.
Patients in the care coordination intervention underwent monthly symptom assessment via an assigned care coordinator
and then based on the results would trigger tailored algorithms according to the specific symptom domain of concern.
Examples of the patient tailored algorithms included expedited appointments, medication adherence counselling, social
or behavioral health referrals, or lab evaluation. The authors found that patients in the care coordination intervention had
significant improvement in symptom scores compared to patients who underwent usual care, without added IBD-related
costs. This concept is promising as it appears to be low cost and does not require major organizational restructuring.

Lastly, another exciting concept for improving IBD care is the Oshi Health application.”®! The Oshi Health
application is designed for patients with various GI conditions including IBD and allows users to connect with
a professional team of providers including a gastroenterologist, nurse practitioner, registered dietician, psychologist,
and health coach, all completely virtually through the application. The application also tracks symptoms and wellbeing
through weekly surveys, incorporates data from common fitness devices to help patients stick with designed goals, and
provides medical and nutritional education pertaining to IBD. The company presented clinical trial data at the IHI Forum
in January 2023 of 332 patients with IBD, irritable bowel syndrome, or functional GI disorders and found high rates of
patient satisfaction (98%), improved quality of life (89%), symptom improvement (92%), and decreased healthcare
utilization including a 64% decrease in avoidable Gl-related emergency department visits.>>> The study also reported
decreases in Gl-related healthcare cost ($6724 per patient) and all-cause healthcare costs ($10,292 per patient). The
company notes that an additional analysis of an IBD cohort will be published once data collection is complete.
A limitation to this concept is that Oshi Health is only available to in-network patients with Aetna insurance though
access is expected to become more widely available once more clinical trial data is published.
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Proposed Positioning and Treatment Algorithm in Advanced Therapy of

Moderate to Severe Crohn’s Disease

As previously stated, it is unlikely that clinical trials will produce guidelines for treating every clinical scenario in CD. In
general, clinicians should focus on a “treat to target” strategy with the goals of symptomatic, biologic, and endoscopic
remission. A particular emphasis should be placed on endoscopic remission as this appears to improve long-term clinical
outcomes. This was evidenced by the CALM study which showed that patients in deep remission (CD endoscopic index
of severity scores below 4, with no deep ulcerations or steroid treatment for 8 or more weeks) had significantly less major
adverse events including new internal fistulas or abscesses, strictures, perianal fistulas or abscesses, hospitalization, or
surgery.”*® This section will aim to provide a general treatment algorithm for clinicians with the caveat that every
scenario will not be addressed and patient-specific factors such as cost, individual risk factors, and personal preferences
need to be incorporated into the treatment decision (Figures 1 and 2).

Biologic Naive

Assess individual risk factors for severe/disabling disease

Severe symptoms/inflammatory burden Moderate symptoms/inflammatory burden
Penetrating/fistulizing disease
Perianal disease

EIMs
Preventing post-op recurrence

TNF inhibitors or biosimilar Risankizumab, ustekinumab, or vedolizumab

Figure | Proposed biologic therapy positioning for biologic naive patients.
Abbreviation: EIMs, extraintestinal manifestations.

TNF inhibitor exposed patients

Prior TNF inhibitor treatment

PNR or LOR with therapeutic drug levels to TNF inhibitor PNR or LOR due to immunogenicity to TNF inhibitor

Risankizumab > Ustekinumab or Upadacitinib Risankizumab > Ustekinumab Alternative TNF inhibitor

or Upadacitinib + immunomodulator

Vedolizumab Vedolizumab

Figure 2 Proposed positioning for TNF inhibitor exposed patients.
Abbreviations: PNR, primary nonresponse; LOR, loss of response.
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Biologic Naive Patients

TNF inhibitors, specifically IFX and ADA, have the most robust data supporting their efficacy in CD and are likely
appropriate for most patients with moderate to severe disease assuming the safety profile is acceptable for the patient.
Additionally, with the advent of biosimilars to both IFX and ADA, these agents may be the most cost-effective treatment
in most bio-naive patients.”** TNF inhibitors, particularly IFX, should be considered first line when treating patients who
have more severe symptoms/inflammatory burden and in certain subtypes of CD including those with stricturing or
penetrating phenotypes, perianal disease, EIMs, and to prevent post-operative recurrence. Combination therapy with an
immunosuppressant should be considered when using IFX in patients whom the safety profile is acceptable; alternatively,
optimized monotherapy utilizing TDM can be considered.

Risankizumab, VDZ, and UST are all appropriate initial therapies in biologic naive patients, particularly in those with
more moderate symptoms/inflammatory burden and without EIMs. However, as mentioned previously risankizumab and
UST are the treatment of choice in patients with concomitant psoriasis. Assuming equal access to therapy, it is our
practice to offer novel biologic therapy to bionaive patients with moderate symptoms/inflammatory burden due to the
enhanced safety profile of these drugs, reserving anti-TNF therapy for those with more severe disease and/or in special
situations as outlined above.

Upadacitinib was shown to be effective in biologic naive patients in clinical trials.'®® However, it is currently only
FDA approved for treatment of adults with moderate to severe CD who have had an inadequate response or intolerance to
one or more TNF inhibitors.>>> Therefore, upadacitinib is not recommended as first line therapy.

Biologic Exposed Patients
In general, patients who have primary nonresponse or loss of response to a TNF inhibitor are less likely to respond to
other biologic therapies than patients who are bionaive. The reasons for this are multifactorial but include more severe
disease, patient pharmacokinetics favoring immunogenicity to treatment, and/or underlying fibrosis that results in
complicated disease. The exception to this rule may be risankizumab which appears to be efficacious regardless of
prior drug exposure.'”

For patients who were previously treated with TNF inhibitors and had subsequent loss of response, switching to
a second TNF inhibitor or risankizumab has the strongest supporting evidence.'**'®*> For patients who do not achieve
therapeutic response with a TNF inhibitor despite therapeutic drug levels, selecting an agent from a different class such
as risankizumab would be appropriate. Following these medications, UST is likely the next best therapy followed by
VDZ. Upadacitinib is another option as a second or third line therapy and clinical trials showed excellent efficacy in
biologic exposed patients.'®® Furthermore, upadacitinib is an oral tablet which is attractive for many patients. However,
comparative data for upadacitinib versus other biologic therapies in CD is lacking and so comments regarding its
positioning versus the IL12/23 class cannot be made at this time. Clinicians should have shared decision making with
patients regarding the benefits including efficacy in biologic exposed patients and ease of administration, as well as the
disadvantages including lack of comparative data in CD and potential safety concerns.

Future Directions
One of the main areas of research in CD management is the development of accurate biomarkers that can reliably predict
prognosis and response to therapy. Personalized therapy is well established in other medical fields such as oncology as
individual biomarkers are used to help guide treatment and prognosis for many different cancers. An example of this is
HER-2 positive breast cancer which is treated with an anti-HER2 receptor monoclonal antibody.>*® In contrast, the
treatment approach in CD is often reactive in nature and changes in therapy are based on worsening clinical parameters.
The fundamental challenge with developing precise and personalized treatment in CD is the complex and multifactorial
pathogenesis leading to heterogenous disease phenotypes and clinical course. Therefore, the future of personalized
medicine in CD will likely need to incorporate multiple biomarkers derived from different pathophysiologic processes.
Genetics is an area of increasing research interest in IBD to better understand the pathogenesis of IBD and help
predict disease course. Multiple genes involved in various pathways of the inflammatory process of IBD have been
discovered such as microbial sensing (NOD2, CARD9, and RIPK?2), intestinal barrier function (Clorfl06 and HNF4A),
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innate and adaptive immune signaling (NLRP7, ILISRAP, CD28, IFNG, PTPN22, STAT4, IL6ST, IL23R, RORC, and
IL17RA), and fibrosis (OSMR and SMAD3).%*” Despite these discoveries, few specific gene variants have been found to
reliably predict disease course or are readily available to be used in clinical practice. There are some promising targets,
however. For example, an observational study of 1240 biologic naive patients with CD found a significant association
with the HLA-DQAT1*05 allele and development of immunogenicity to TNF inhibitors. This is a promising potential
biomarker as approximately 40% of Europeans carry this allele and may help predict which patients should be treated
with combination therapy.?*®

Another area of inquiry that shows promise is molecular profiling, particularly transcriptomics. For example, two
studies showed that increased expression of OSM, OSMR, and TREMI1 was associated with failure of TNF inhibitor
therapy and thus could be a potential biomarker and therapeutic target in CD.?**?*° Similarly, another study identified
four genes (PIWIL1, MAATS1, RGS13, and DCHS2) whose expression levels in colon tissue predicted response and

endoscopic remission with VDZ treatment.**!

While these examples of using molecular profiling in CD are encouraging,
further investigation is needed before they can be employed clinically.

Lastly, an area of tremendous research interest is the role of the gut microbiome in CD and its impact on response to
therapy. In a study of 85 patients with IBD who were to be treated with VDZ, greater a-diversity and abundance of
Roseburia inulinivorans and Burkholderiales species was associated with remission at week 14 in patients with CD.**?
Similarly, a study of 232 CD patients treated with UST induction found that higher numbers of Faecalibacterium and
Bacteroides species was associated with remission at 6 weeks.*** Though these studies are small, they suggest that the
presence of specific bacterial species and diversity of bacteria may predict response to CD therapy. However, more

research is needed into understanding the mechanism for why these altered responses occur.

Conclusion

Despite increased number of drugs available for treatment of CD, achieving clinical, biologic, and endoscopic remission
remains a challenge. Therefore, the push towards personalized treatment is paramount in IBD although the lack of
accurate biomarkers limits the precision of providers. Our approach is to consider a number of factors when initiating
treatment including severity of symptoms and inflammatory burden, risk factors for a more severe disease course,
comorbid conditions including EIMs, prior response to treatment, patient adherence, patient preferences, and specific
scenarios including perianal disease and post operative treatment. We use existing head-to-head trials and network meta-
analyses to guide decision making and to help limit the number of options patients must consider. When possible, we try
to provide the preferred therapy for patients. We are eager to have precision diagnostics in the future that guide clinicians
in selecting the “right therapy, for the right patient, and the right time”.
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