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Despite huge advances in understanding the molecular basis of IBD, clinical management has continued to rely on a “trial and error” approach.
In addition, a therapeutic ceiling has emerged whereby even the most effective interventions are only beneficial for approximately 30% of pa-
tients. Consequently, several tools have been developed to aid stratification and guide treatment-decisions.

We review the potential application for many of these precision medicine approaches, which are now almost within reach. We high-
light the importance of early action (and avoiding inaction) to ensure the best outcomes for patients and how combining early action
with precision tools will likely ensure the right treatment is delivered at the right time and place for each individual person living
with IBD.

The lack of clinical impact to date from precision medicine, despite much hype and investment, should be tempered with the knowledge that
clinical translation can take a long time, and many promising breakthroughs might be ready for clinical implementation in the near future. We
discuss some of the remaining challenges and barriers to overcome for clinical adoption. We also highlight that early recognition, early diagnosis,
early stratification, and early intervention go hand in hand with precision medicine tools. It is the combination of these approaches that offer the

greatest opportunity to finally deliver on the promise of precision medicine in IBD.
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Introduction

There has been a rapid global rise in inflammatory bowel
disease (IBD),' and there are now well-recognized epidemio-
logical phases that have contributed to the increasing preva-
lence of both ulcerative colitis (UC) and Crohn’s disease
(CD).2 Although the incidence in the Western world seems to
have plateaued,’ there remains ongoing rapid increases in in-
cidence across many emerging nations, particularly lower and
middle income countries (LMICs) with large populations.*
This rise has been mirrored across a range of other immune-
mediated inflammatory diseases (IMIDs),’ leading many to
conclude that much of this pattern is being driven by expos-
ure to environmental risk factors. However, many of these
environmental risk factors remain largely unknown or poorly
understood.®

Paralleling the numbers of patients with IBD, there has been
a steady increase in the number of treatment options avail-
able.” Despite all this progress, management decisions are typ-
ically still made using a “one size fits all” approach. Given
the historical lack of clinically useful predictors, patients have
typically started a treatment with response and tolerability
simply being assessed at clinical follow-up appointments.
However, a number of recent advances have offered hope
that the prospect of precision medicine tools may be ready for

clinical implementation in the near future, and many people
have focused on these tools as being critical to deliver preci-
sion medicine.® We argue that as precision medicine involves
delivering the best outcomes for each individual patient, sim-
ple measures such as earlier action (and avoiding inaction) are
just as important as these more novel biomarkers and models.
Based on expert consensus and experience, we summarize the
most promising articles and findings to date and highlight
how ongoing and remaining challenges could be overcome by
using precision medicine tools early in a disease course and
how this might help realize the aspiration of delivering preci-
sion medicine in IBD (Figure 1).

Early Diagnosis

It has consistently been demonstrated that there are signifi-
cant delays in presentation, referral, and diagnosis for both
UC and CD.’ Despite major improvements in many aspects
of IBD clinical care over the last few decades, including a
greater number of tools to help establish a diagnosis of either
UC or CD, there appears to have been no major reduction in
diagnostic delay for either condition.!® This diagnostic delay
has been reported to be greater in CD,!! which is likely due
to many factors including that patients can typically present
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Figure 1. Diagram to show how use of precision medicine tools and stratification should enable delivery of individualized medicine in IBD. Highlighting
the importance of stratification to move away from a “one size fits all” approach towards an individualized medicine approach.

with nonspecific symptoms such as abdominal pain, consti-
pation, or diarrhea which may be mistaken for other gastro-
intestinal disorders, including irritable bowel syndrome.'
Delayed diagnosis has also been associated with more emer-
gent presentation, which in turn has been associated with
more adverse clinical outcomes.'" '3

The issue of delayed diagnosis is further compounded by
an increasing awareness that many patients report prevalent
symptoms for several years before a formal diagnosis of IBD
is established.'* Unsurprisingly, in this period before diagnosis
of IBD, high health care usage has been reported as patients
seek help to manage their symptoms." In addition to symp-
toms being present, simple laboratory abnormalities are often
detectable even up to 12 months before diagnosis in patients
with CD.' Accordingly, one solution to overcome these de-
lays in diagnosis is likely to be through increasing awareness
in the medical community and encouraging use of tools to
identify red flags, which allow more timely referrals to spe-
cialist clinics and greater pickup for cases of early IBD.!”:!8

Taking this one step further and learning from analogous
IMIDs such as rheumatoid arthritis and type 1 diabetes melli-
tus, there is an increasing understanding for the phenomenon
of preclinical IBD." Indeed, much like other IMIDs, the ini-
tial study of preclinical IBD has focused on serum samples
from a number of different cohorts that have been collected
prior to development of disease.?’ In this regard, the most im-
portant findings on preclinical IBD have been provided by the
Genetic, Environmental, and Microbial (GEM) project and
the Proteomic Evaluation and Discovery in an IBD Cohort
of Tri-severe Subjects (PREDICTS) study. The GEM project
recruited a cohort of patients who were already at higher
risk of IBD, given a prior family history of this disease, and

demonstrated that altered gut microbiota is associated with
fecal proteolytic activity in patients prior to development of
UC.? However in CD, there appears to be an increase in in-
testinal permeability prior to the development of disease.?
Similarly, the PREDICTS cohort demonstrated that a panel
of serum antibodies and proteins was able to predict the
likelihood of patients developing CD within 5 years, with a
high degree of accuracy.?’ The findings from the GEM pro-
ject and PREDICTS study are consistent and might suggest
that in early disease development (at least for CD), there is
increased intestinal permeability, allowing microbial antigens
to be sampled by antigen-presenting cells and stimulating the
production of antimicrobial antibodies and peptides.
Ongoing challenges remain for the study of preclinical
IBD, given that the proteomic findings in the CD cohort
from the PREDICTS study were not replicated in UC.
Indeed, one of the limitations of preclinical IBD inves-
tigation to date has been the focus on single-omics plat-
forms, and in this regard, results from the IBD-Character
consortium should provide further key multi-omic insights
for development of IBD.?*An additional limitation that
has not yet been overcome in the preclinical IBD field is
that currently there are no clear-cut strategies for “disease
interception” to prevent development of IBD.** In add-
ition to future consideration of medical therapeutics for
disease interception, modulation of risk factors such as
smoke exposure, antibiotic exposure, certain dietary foods,
or identifying mechanisms of protective factors such as
breastfeeding in early life may prove to be critical in the ef-
forts for primary prevention of developing IBD.® One area
of growing awareness is how dietary patterns can drive
pro-inflammatory and anti-inflammatory gut microbial
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ecosystems.? Accordingly, we look forward to results from
the PREdiCCt study (NCT03282903), which is prospect-
ively examining over 2600 patients with IBD from the
United Kingdom, to provide a greater understanding on the
role of diet and microbiota as triggers for inflammation.

The subject of preclinical IBD highlights perfectly that al-
though primary prevention and disease interception are very
interesting and worthwhile aspects to focus on for future re-
search, in the immediate-term there needs to be an emphasis
on early recognition and diagnosis. Simple tools to aid this
include the use of red flags for referrers, more timely referral
to specialists, and early diagnosis; these will very likely con-
tribute to improved outcomes for individual patients.

Early Stratification

The importance of early stratification has been highlighted
and explored in detail recently.?® Although many clinical risk
prediction models have been developed, the majority of these
have failed to be validated in external cohorts or have lacked
sufficient accuracy to help guide clinical decision-making.?”
As a result, attention has turned towards biomarkers to aid
stratification, with particular focus on biomarkers predict-
ive of prognosis, response to therapeutics, and likelihood of
developing side effects to therapeutics.?®

Prognosis

Determining prognosis, or disease outcome, has increasingly
been recognized as an important foundation for the delivery
of precision medicine in IBD.2¢ However, currently clinicians
are restricted to simple clinical features to help prognosticate
for patients after a diagnosis has been established.?” Some of
these clinical features clearly associate with worse prognosis
such as complex, fistulizing peri-anal disease; however for
the vast majority of patients, many clinical factors—typic-
ally identified from small, retrospective, observational co-
horts—have lacked accuracy and not proved sufficiently
helpful to guide therapeutic decision-making.>® Accordingly,
most guidelines have continued to advise treating the major-
ity of patients with IBD in a stepwise manner where patients
are offered treatments in a “one size fits all” approach.’
This is despite the significant heterogeneity in disease course
across IBD, with subgroups of individuals noted to have a
milder, more quiescent disease course and other subgroups
observed to have a more severe, treatment-refractory disease
course.’>33

Initially, there was great interest and enthusiasm for the po-
tential use of circulating antibodies against bacterial antigens
as prognostic markers*; however, serological antibodies are
a good illustration of the need to distinguish between associ-
ation and true prediction of worse outcomes.’>** Antibodies
of interest included anti-Saccharomyces cerevisiae (ASCA),
perinuclear antineutrophil cytoplasmic (pANCA), antibody
to CBirlflagellin (anti-CBir1), antibody to Escherichia coli
outer membrane porin C (anti-OmpC), and others that had
been associated with adverse outcomes in patients with CD.3’
However, an important consideration is that many of these
are the same antibodies associated with preclinical disease**
and likely represent patients with longstanding CD who have
remained untreated and therefore associated with worse out-
comes, rather than truly being predictive of prognosis.

Noor et al

Similarly, given the success of genome-wide associ-
ation studies (GWASs) to demonstrate single-nucleotide
polymorphisms (SNPs) associated with disease susceptibility,
many in the field of genetics thought there may be similar suc-
cess to better understand disease outcomes. Genome-wide as-
sociation studies have suggested that there are distinct genes
associated with a worse disease course in both CD?* and
UC* and that these genes are distinct to the ones implicated
in disease susceptibility. However, due to the low odds ratios
of these genetic associations, they have not proved useful to
test as part of routine clinical practice. A potentially exciting
future application may be that polygenic risk scores (PRSs)
could be used to predict outcomes for patients with IBD*;
however, this will first require much larger and much more
diverse genome-wide population studies in order to become a
reality for the future.*!

Given the inability of GWASs to prognosticate in IBD,
much attention has subsequently switched to the utility of
gene expression, measured using transcriptomic technolo-
gies. Much of the initial focus was understandably on gene
expression at a tissue level, given that this is the site of in-
flammation in IBD. The RISK cohort (Risk Stratification and
Identification of Immunogenetic and Microbial Markers of
Rapid Disease Progression in Children with Crohn’s Disease)
of newly diagnosed pediatric CD has provided many insights
in this regard, seeking to develop risk prediction models
based on gene-expression data from colonic biopsies com-
bined with microbial and clinical data.* This study has also
found an extracellular matrix signature when analyzing ileal
biopsies that have been associated with greater development
of stricturing disease within 5 years (AUC, 0.81).** Work is
currently ongoing to translate these findings to simple and
clinically usable biomarkers, including assessment of blood-
based biomarkers that would generally be more acceptable
for patients compared with biopsy-based biomarkers requir-
ing invasive, endoscopic procedures.*

The benefits of focusing on noninvasive blood-based bio-
markers are well-illustrated by the translation of a CD8 T-cell
signature, which is associated with worse outcomes in pa-
tients with newly diagnosed IBD.* This CD8 T-cell signature
was originally identified after cell separation techniques, and
was then translated to a simplified biomarker to perform on
a sample of whole-blood.* Currently, the simplified whole-
blood biomarker is being assessed for clinical utility in the first
precision medicine randomized clinical trial (RCT) in IBD, the
“Predicting outcomes for Crohn’s disease using a molecular
biomarker” (PROFILE) trial.*” There has been some conflict-
ing evidence about whether this blood-based biomarker can
also be replicated in additional cohorts including from the
paediatric setting, however these findings have highlighted the
need for bioinformatic expertise to analyse such datasets and
the general need for further validation in larger and more di-
verse cohorts.*

Ultimately, whichever prognostic tool is used to aid clinical
decision-making in the future, it is likely to be of most benefit
if used as close to the time of diagnosis as possible—to both
guide therapeutic decisions and timing of follow-up. A pos-
sible further application of prognostic biomarkers may be
to aid selection of patients where it is appropriate to discuss
about withdrawal of immunosuppressant, biologic or small
molecule therapies.* In this regard, results from the STORI
prospective, observational study of 115 patients with CD, are
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promising, where initial proteomic data have suggested that
a 17-protein panel is able to predict medium and longer-term
likelihood of relapse following withdrawal of anti-TNF ther-

apy.SO

Prediction of Response

After many decades of limited treatment options for patients
with IBD, there is now a hugely promising and large pipeline
of potential new treatments.” Although in other fields such as
oncology, companion biomarkers have been critical as part
of the early-phase drug development program of novel thera-
peutics,’! this has only more recently been the case for early
drug development programs in IBD.? In the search for pre-
dictors of response, the initial focus in IBD was on models
consisting of simple clinical variables available in most health
care settings. Although these simple clinical variables have
been somewhat informative, they have not proved sufficiently
predictive to help accurately guide most treatment deci-
sions.*”> Given the time and wealth of experience with anti-
bodies to tumor necrosis factor (anti-TNF), it is perhaps no
surprise that the most promising predictive biomarkers have
been developed for anti-TNF response and nonresponse. One
such predictive application has examined the use of fluor-
escence targeting to highlight cells with membrane-bound
TNF in 25 patients with CD prior to starting anti-TNF treat-
ment.* Patients with a greater number of fluorescently de-
tected cells had greater response at 12 weeks compared with
those with fewer cells detected (92% vs 15%). More recently,
this same method has demonstrated similar results with a4b7-
expressing cells prior to starting vedolizumab therapy.’® This
technology requires further assessment and validation in ex-
ternal cohorts, but the concept of combining endoscopic pro-
cedures with real-time imaging to guide clinical treatment is
a very enticing and pragmatic prospect for many gastroenter-
ologists.

Perhaps the finding closest to clinical application in this field
comes from the Personalising Anti-TNF Therapy in Crohn’s
Disease (PANTS) study of 1240 biologic-naive patients with
CD from the UK, which has demonstrated that variants in
the HLA-DQA1%*05 allele are associated with greater likeli-
hood of immunogenicity and that this immunogenicity can be
greatly reduced by use of a concomitant immunomodulator.>
In terms of clinical application, these results would be consist-
ent with a trial of 90 patients with IBD and immune-mediated
loss of response (LOR) to a first anti-TNE?” This RCT con-
cluded that use of an immunomodulator should almost al-
ways be recommended when considering switching to a sec-
ond anti-TNF agent after LOR to a first agent, unless there
is a clear contraindication.’” Although HLA-DQA1*05 vari-
ants were not assessed in this trial, it seems quite possible that
the addition of an immunomodulator reduced risk in much
the same way as observed in the PANTS study. Subsequent
work is required to assess whether the increased immunogen-
icity with HLA-DQA1%05 variants is indeed associated with
longer-term clinical outcomes and whether modifying treat-
ment based on this biomarker could result in improved out-
comes for patients.

A number of further exciting biomarkers in IBD have also
focused on gene expression. Indeed, analysis of colonic tissue
has demonstrated association of higher triggering receptor
expressed on myeloid cells 1 (TREM-1) levels in anti-TNF

nonresponders.’® There has been some discordance about
whether gene expression of TREM-1 in blood might also
be upregulated in anti-TNF nonresponders,’ highlighting
the importance of harmonizing definitions of response and
nonresponse in the IBD field and the need to harmonize as-
says for future, larger validation cohorts.

More recent work has aimed to combine different -omic
technologies to identify groups that might benefit from differ-
ent therapeutic options available in IBD.*° Indeed, combining
single-cell approaches with gene expression has allowed bio-
logical associations to be explored in much greater detail than
ever before, revealing a cellular module in inflamed tissue
containing IgG plasma cells, inflammatory mononuclear pha-
gocytes, activated T cells, and stromal cells (named GIMATS),
associated with anti-TNF nonresponse in 4 independent co-
horts.®! This GIMATS module also replicated the finding that
oncostatin M (OSM), a stromal activator in IBD, plays a key
role in determining nonresponse to anti-TNF in IBD,** with
this OSM signaling process being mostly driven by monocytes
in IBD.® Work is ongoing and needed to ultimately translate
the OSM signature into a simple, easy to measure test in clin-
ical practice.*

Looking ahead to the future, perhaps the most promising
application for response and nonresponse prediction will
come from combining these novel techniques with readily
available histopathological information. The greater granu-
larity from such spatial analyses have already been used to
identify distinct pathotypes based on localized tissue analysis,
and further such application will likely allow more precise use
of both current and future therapeutics.®’

Prediction of Safety

A major issue that blights clinical practice is the high rate
of intolerance and side effects associated with most of the
medications in IBD, particularly with immunomodulator
treatments. Therefore, a key additional aspect underpinning
choice of therapy is the likelihood of potential side effects
for each individual patient. Indeed, biomarker testing to pre-
dict safety risks have been used in the IBD field for many
decades. It is generally recommended to assess for thiopurine
methyltransferase (TPMT) genotyping or enzyme activity
prior to initiation of thiopurine medications; however, it is
important to note that the benefits of such an approach have
never been demonstrated in an RCT-setting.

Given that there are now much more advanced testing
techniques available, attention has turned to whether these
could be applied to predict intolerance or side effects to medi-
cations. Although the limited ability to use SNP associations
to guide prognostic or predictive testing was highlighted earl-
ier, the one major exception to this is in the field of pharma-
cogenetics. The potential for application of genetic safety
biomarkers in IBD was initially demonstrated by the associ-
ation of HLA-DQA1 and HLA-DRB1 haplotypes with de-
velopment of thiopurine-induced pancreatitis.®® Similarly,
variants in the HLA region were also shown to associate with
the subsequent development of S-aminosalicylate-induced
nephrotoxicity.®” More recently, a nonsynonymous SNP in the
gene nudix hydroxylase 15 (NUDT1S5) has been associated
with thiopurine-induced myelosuppression (TIM), initially in
a South Korean cohort with an odds ratio of over 35.%® The
genetic variant in NUDT135 and its association with TIM has
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subsequently been replicated in a cohort of European ances-
try,® suggesting that in addition to TPMT testing, NUDT15
might be routinely assessed prior to initiation of a thiopurine
medication. The major next step for pharmacogenomics in
IBD will be to determine whether there are similar predict-
ive markers available to predict intolerance or side effects to
more novel biologic and/or small molecule agents.

The growing optimism for precision medicine can be
tempered by the fact that this topic has been discussed for
many years now, with little impact on clinical practice to
date. Historically, the major barrier to implementation was
a lack of prospective validation for promising biomarkers
and models. Although this remains important, there is now a
growing understanding of the need for validation across di-
verse populations. This problem is exemplified by historical
GWASs, which were typically performed in populations of
predominantly European origin.”” However, the importance
and power of performing studies in diverse populations has
now been well illustrated by a recent meta-GWAS of IBD
patients from 3 distinct ethnic origin backgrounds.” This
multiethnic, meta-GWAS found that prediction using PRS
was much improved when using data from distinct ancestral
populations compared with prediction using data from those
with European ancestry alone.

For those precision medicine tools that are shown to be
validated and to have clinical utility in diverse populations,
perhaps the greatest future challenge lies with interpreting
information provided by combinations of biomarkers and
selecting from combinations of treatments. Therefore, it seems
that the success of clinical adoption will almost certainly de-
pend on development of user-friendly, decision-support sys-
tems that are able to combine this myriad of data and aid
decision-making by clinicians and patients.

Anecdotally, some clinical teams around the world have
already begun implementing some of these novel biomarker
tests prior to initiation of therapy. However, there are key
considerations for each organization and health care system
to consider before adoption of any such biomarkers into rou-
tine clinical practice. These include cost, availability of testing,
type of testing, interactions affecting test results, the strength
of evidence for analytical utility of a biomarker, and most im-
portantly, the clinical utility (ie, whether making treatment
decisions based on these biomarkers actually results in im-
proved clinical outcomes for patients).?® It is very likely that
different thresholds will need to be applied for biomarkers
predictive of safety outcomes, where there is potentially more
to gain from avoiding harm to patients than the higher thresh-
old predictive and prognostic biomarkers will have to achieve
to be adopted into routine clinical practice.

Early Treatment

Paralleling the growing number of therapeutic options avail-
able for IBD, a therapeutic ceiling has emerged whereby even
the most effective interventions only result in noticeable im-
provements for approximately 30% of patients.”> This has
led many in the field to conclude that perhaps treatments are
being initiated at too late a stage and that earlier initiation
of appropriate treatment may allow us to break through this
therapeutic ceiling.”

This is well-illustrated by a growing body of evidence
across clinical trials, including post hoc, longer-term ana-
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lyses and real-world observational studies demonstrating
improved outcomes with earlier initiation of treatments.
Although it must be noted that the majority of evidence has
been generated in CD, with comparatively less data for UC at
this stage.”

The “step-up, top-down” trial of 133 patients with re-
cently diagnosed CD demonstrated that early combined im-
munosuppression with infliximab and azathioprine resulted
in improved clinical remission at 52 weeks (62% vs 42%).7*
However, there was a recognition that the indiscriminate use
of top-down treatment in all patients from diagnosis would
lead to the risk of overimmunosuppression in some patients
and would not at the time have been affordable in almost any
health care setting in the world. Accordingly, the Randomised
Evaluation of an Algorithm for Crohn’s Treatment (REACT-1)
cluster RCT of 41 community centers caring for 1982 pa-
tients with CD investigated whether a more accelerated
step-up approach using early combined immunosuppression
could be used instead.” Although REACT-1 did not demon-
strate a significant improvement in the primary outcome of
clinical remission compared with conventional treatment, an
advantage of the accelerated step-up approach was demon-
strated across many major secondary outcome measures at
24 months, including risks for hospital admission, need for
surgery, or any serious CD-related complication.” Similarly
post hoc analysis from the CALM trial comparing early
combined immunosuppression and tight control of disease
showed improved endoscopic outcomes at 1 year following
trial completion.”®

The findings across these pivotal trials highlight the crit-
ical importance of primary endpoint selection in RCTs and
that there is still a lack of prospective clinical trial data with
long-term primary outcomes in IBD. In the longer-term, the
solution to this will be to convince funders, regulators, clin-
icians, and patients to conduct and complete longer-term
RCTs in IBD.

Despite findings from post hoc analyses of RCTs, there
have been conflicting data around early treatment benefits
from real-world observational cohorts. Although some ob-
servational cohorts have also reported improved outcomes
with earlier initiation of treatment, including anti-TNF treat-
ment,”” other studies have not demonstrated any significant
differences in major clinical outcomes despite greater use of
more advanced therapies.” One reason put forward for this
discrepancy in findings is that many of these treatments may
not have been used “at the right time” and perhaps not early
enough in the disease course to make a difference to individ-
ual patients. Indeed in REACT-1, the typical disease duration
for enrolled patients was 3 years from diagnosis. Even in the
CALM trial, where at best only 45 % of patients could achieve
endoscopic remission by the end of week 48, the median time
from diagnosis to enrolment was still almost 12 months.

One of the difficulties in IBD has been a lack of agreement
over what constitutes early IBD. There has been a growing
recognition that initial suggestions of a 2-year window from
diagnosis™ are not stringent enough and that perhaps we
should be more in line with analogous fields such as rheuma-
tology, where the window for early rheumatoid arthritis has
been defined as early as 3 months from diagnosis.*

An area of urgent research priority in the field is to better
understand the positioning of newer agents in the thera-
peutic algorithms of IBD. Most novel therapies have been
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investigated predominantly in the setting of intolerance or
loss of response to anti-TNF therapy, with decreased ef-
fectiveness of treatments being observed when used as sec-
ond-, third-, and fourth-line options.®' As such, important
unanswered questions remain about how best to sequence
therapies in IBD and whether earlier effective treatment
may also mean greater use of novel combinations, as dem-
onstrated in fields such as oncology.®? Although there is
certainly some early signals of effect from combination
therapies,®’ the true efficacy and especially safety of this ap-
proach needs to be explored in more detail, ideally through
well-conducted RCTs.

Even though the focus has been on early medical treat-
ments, it is important to acknowledge the significance of
early surgery where this is appropriate; and for certain
cases, this may well offer the best clinical outcomes for a
patient in both the short and longer term. With respect to
early surgery in IBD, the seminal LIR!C trial demonstrated
no difference in clinical outcomes with regard to anti-TNF
biologic medication compared with ileocecal resection for
143 patients with ileocecal CD who were refractory to
immunomodulator treatment.® Early surgery in such cases
was shown to be a cost-effective option® and had com-
parable outcomes even in longer-term follow-up for over
5 years.%¢ It must be noted that there are many other factors
that have been associated with better surgical outcomes for
patients with IBD including availability of laparoscopic ac-
cess®” and care in a high-volume surgical center.®® However
going forward, early discussions about availability and ap-
propriateness of surgery is likely to form a key part of a
more personalized approach to patient care.

Early Tight Monitoring
Tight Control

It has long been understood that CD is a progressive
disease with irreversible bowel damage.® More recently,
the progressive nature of UC with structural and func-
tional damage has also been recognized,”® leading many
to conclude that UC has a similar disease burden and re-
quires similar treatment goals.”' Over time, these treatment
goals have evolved in IBD; and most recently, the STRIDE
group updated recommendations for treating-to-target in
IBD, establishing short, intermediate, and long-term targets
and incorporating patient preferences to guide therapeutic
decision-making.?

The STRIDE-II group identified the ultimate long-term
goal for treatment as deep remission of disease, with a com-
bination of clinical, endoscopic, histological, and transmural
healing. This concept has also been termed disease clearance®
but may not be achievable in many patients. Indeed, further
research is needed to determine if the potential gains obtained
with disease clearance are worth the costs and potential ad-
verse events in pursuit of this target. Notwithstanding these
factors, there is much evidence in favor of early disease control
guided by active monitoring. The CALM trial of 244 patients
with CD who were naive to immunomodulator and biologics
demonstrated that tight control with timely treatment escal-
ation based on C-reactive protein (CRP) and calprotectin
targets resulted in improved endoscopic healing and im-
proved clinical outcomes compared with treatment strategies
driven by symptoms alone (46% vs 30%).”* Similarly in the

Postoperative Crohn’s Endoscopic Recurrence (POCER) trial,
which assessed the optimal strategy to prevent postoperative
CD recurrence at 18 months, active control with early col-
onoscopy and treatment for endoscopic recurrence was su-
perior to conventional treatment reactive to symptoms alone
(49% vs 67%).” Analysis of stool samples obtained from
the POCER trial demonstrated that fecal calprotectin levels
above 100 pg/g were associated with early endoscopic recur-
rence, suggesting that use of noninvasive fecal calprotectin
levels could be used to help further guide timing for endos-
copy and better direct postoperative treatment.’®

One note of caution should perhaps be considered with
regard to tight control, as demonstrated by the STARDUST
trial (Study of Treat to Target Versus Routine Care
Maintenance Strategies in Crohn’s Disease Patients Treated
With Ustekinumab; NCT03107793) of 500 patients. In
STARDUST, a tight monitoring strategy resulted in clinical
improvement, but the intention-to-treat analysis demon-
strated no statistically significant improvements in more ob-
jective outcome measures such as endoscopic healing.

It is certainly also worth highlighting the importance of the
microbiome in IBD,”” and recent work has suggested the po-
tential use of microbial, metabolomic, and proteomic profiles
to predict relapse in CD and UC.%8 Similarly, perhaps the most
promising work to date in this field has suggested a potential
for microbiota to specifically predict postoperative relapse
in CD.” Nevertheless, one challenge remains: the individual
microbiome for every patient is dynamic and constantly chan-
ging in response to environmental stimuli, making it difficult
to standardize testing in order to personalize treatment ap-
proaches.

Even though the evidence for tight monitoring in IBD exists
mainly for CD, there is certainly rationale that it may also be
beneficial in UC,' and we look forward to the results from
the ongoing, international VERDICT trial (NCT04259138),
which is the first tight control trial in UC trying to determine
the optimal treatment target (clinical vs clinical and endo-
scopic vs clinical, endoscopic and histologic remission).

Both the SPIRIT and STRIDE-II consensus recommenda-
tions highlighted further promising options, such as the
potential for noninvasive imaging, to monitor disease and
support tight control.”> %! The initial focus of noninvasive im-
aging in IBD was mostly on magnetic resonance enterography
(MRE) and predominantly focused on CD. In a cohort of 48
CD patients, MRE was shown to have a high level of accur-
acy in assessing response to treatment and endoscopic heal-
ing when using ileocolonoscopy as the reference standard.'*
More recently, there has been enthusiasm about the potential
application of ultrasound in the assessment of IBD activity
and response to treatment. Ultrasound is cheaper, is poten-
tially much more readily available, and can be repeatedly per-
formed or even used as a point-of-care test. The METRIC
trial including 284 patients with newly diagnosed or relapsed
CD compared the diagnostic accuracy of MRE and small
bowel ultrasound for the extent and activity of disease; the
study demonstrated good accuracy of both these methods
in expert hands (MRI 97% and ultrasound 92% sensitivity
for presence of inflammation).'” Bowel ultrasonography has
since been demonstrated to be an accurate monitoring modal-
ity in the context of different therapeutic agents in CD'** and
was also found to be helpful in monitoring UC disease course
and treatment response.'%
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Therapeutic Drug Monitoring

In addition to patient stratification and initial selection of treat-
ment, precision medicine can also be used to monitor and op-
timize treatment through therapeutic drug monitoring (TDM).
The measurement of metabolites from thiopurine has long been
available in clinical practice, with optimal levels including thresh-
olds for likely toxicity having been defined.'® In recent years,
there have also been numerous observational studies suggesting
additional value of TDM for more novel agents such as biologic
medications,'?” with the most evidence to date investigating anti-
TNF therapies.'®® Although there is growing evidence for newer
agents such as ustekinumab and vedolizumab, given their rela-
tive infancy of use in IBD, the utility of TDM for these medica-
tions is still yet to be determined.'”

Most studies supporting use of TDM have investigated a re-
active approach, but the PANTS study highlighted the potential
importance of proactive TDM—where the only clinical predictor
that was reliably able to predict anti-TNF nonresponse at 1 year
was low drug concentrations observed following induction.'” In
addition, data mostly from observational studies have further sup-
ported a potential role for proactive TDM.'"! However, it is im-
portant to note that evidence from RCTs and the use of proactive
TDM have not been so promising. The TAXIT trial, an RCT
evaluating 263 patients with both UC and CD starting infliximab
treatment, revealed no difference in clinical remission at 1 year
for concentration-based dosing compared with standard clinical
dosing."? Nevertheless, subsequent post hoc analysis of TAXIT
suggested that high antibody titres that persist over time may be
more clinically relevant and that patients in this subgroup should
perhaps be focused on and included for future studies.''3

Similarly to TAXIT, the prospective TAILORIX trial
including 122 anti-TNF-naive CD patients starting infliximab
therapy was not able to demonstrate the superiority of
concentration-based infliximab dosing compared with dosing
based on symptoms at 1 year.''"* In contrast to the RCT evi-
dence for adult patients, the PAILOT trial of 78 pediatric
patients with CD who were treated with adalimumab was
the first to demonstrate in an RCT-setting that proactive
monitoring of trough concentrations with adjustment of
adalimumab-dosing resulted in higher rates of steroid-free
clinical remission in comparison with reactive monitoring
(82% vs 48%).'13

The inability to demonstrate benefit for proactive TDM
across RCTs in adults with IBD may be a consequence of
limitations from the described trials. TAILORIX was likely
underpowered to demonstrate differences between the ap-
proaches used, and dose intensification could only commence
after week 14 of the trial schedule. An earlier dose modifica-
tion might have resulted in differences being noted across key
clinical outcomes. Accordingly, in a recent prospective study
of 108 IBD patients starting anti-TNF medication, the detec-
tion of antibodies to anti-TNF with a drug-tolerant assay,
as early as week 2, was predictive of later treatment failure
within 24 months."'* However, such early use of tests for anti-
TNF level and antibody determination is currently limited by
the duration of time to obtain results in most countries. The
availability of validated assays that allow rapid point-of-care
measurement for both levels and antibodies would allow
earlier use of TDM following treatment initiation; this would
provide more robust opportunities to evaluate the impact of
TDM on clinical outcomes—namely the prevention of pri-
mary nonresponse.!'!7 118
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The existing evidence is still insufficient to support routine pro-
active TDM in adult patients with IBD. Nevertheless, it seems
that for now at least, reactive TDM will continue to be a useful
tool available for clinicians, particularly in the setting of LOR. It
should also be noted that despite most published studies focusing
on trough levels of anti-TNF, this parameter fails to provide the
whole pharmacokinetic picture. Future studies will need to ex-
plore other parameters such as area under the concentration-time
curve, clearance, and average concentrations to obtain a greater
understanding about TDM. A further concept that will likely be-
come more familiar over time are dashboards (ie, software sys-
tems that can integrate population-based pharmacokinetic models
with information collected from TDM and patient factors). These
dashboard systems are likely to be invaluable tools to guide clin-
ical practice in the future, but prospective investigation and par-
ticularly RCT evaluation will be required to demonstrate clinical
utility of such systems.'"”

We believe that a combination of all the early actions described
in this article (early recognition, early diagnosis, early stratifica-
tion, early treatment, early monitoring, and early tight control)
combined with the novel precision medicine tools highlighted
will lead to greatly reduced bowel damage, fewer complications,
and improved outcomes for patients with IBD (Figure 2). We also
present summary of key findings from studies to date, in addition
to consideration of the most promising studies to help inform
future integration of precision medicine tools with early care and
early action in IBD (Figure 3).

Conclusions and Future Directions

There has been much excitement about novel precision medi-
cine tools and their potential to improve outcomes for many
patients. Indeed, there are various precision medicine tools
already validated or undergoing validation which offer real
hope for clinical application in the near future. However, it is
important to restate that the goal of precision medicine is to
deliver improved outcomes for each individual patient.

Even with the availability of all these precision tools, clin-
icians should bear in mind that these tools must be combined
with a focus on early action. This will involve early recogni-
tion to enable timely diagnosis, early stratification to guide

Early Early Early Early Early Early
recognition  diagnosis ificati treatment itoring tight control

current

potential

BOWEL DAMAGE

TIME

Figure 2. Diagram to show how early action can improve clinical
outcomes for patients living with IBD. Highlighting the importance of
early recognition, early diagnosis, early stratification, early treatment,
early and tight monitoring, and early intervention based on monitoring
results to ultimately reduce longerterm bowel damage and ensure better
control of IBD for patients.
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Figure 3. Diagram to summarize data from the most promising current and future studies exploring early diagnosis, early stratification, early treatment,
and monitoring. Highlighting findings from the key studies to date on early diagnosis, stratification, treatment, and monitoring. Subsequently
highlighting the most promising upcoming studies, which will provide key data to support further progress in these topics.

early treatment selection, and crucially early monitoring to
ensure tight control of disease activity.

Earlier recognition and referral to specialists from primary
care are likely to be aided by simple measures such as use of
red flag systems and increasing education for both the med-
ical community and the public alike. Earlier assessment and
diagnosis will likely be aided by simpler and more convenient
investigations such as home calprotectin testing'?® or point-
of-care calprotectin testing.'?! Additionally, wider availability
and affordability of biosimilar drugs'?? should result in earlier
initiation of more effective therapies. However, earlier treat-
ment will also need to account for convenience of therapies
for patients, highlighting the need for more effective subcuta-
neous and oral treatment options that patients are able to
take in their own home. Following diagnosis and initiation
of treatment, early and tight monitoring is essential. In the
future, this monitoring is likely to be through a combination
of multiple parameters such as clinical data, biomarkers, im-
aging, TDM modeling, and simulation.

The optimal way to integrate the growing numbers of bio-
markers, prediction tools, and therapeutics in IBD is an enormous
challenge. Clinical decision support tools harnessing big data and
offering simple, easy to understand options to patients and clin-
icians are therefore necessary and will be crucial. Combining early
action in IBD with these novel tools likely offers the greatest op-
portunity to deliver precision medicine in IBD. Focusing efforts in
this area will hopefully ensure that we can soon achieve the goal
of getting the right treatment to the right patient at the right time
of their individualized disease course.
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