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Abstract 
 

Inflammatory bowel disease (IBD) is a chronic relapsing remitting inflammatory condition of 

the bowel. Persistent inflammation leads to structural bowel damage and its associated 

complications (stricturing and penetrating phenotype in Crohn’s disease, uncontrolled disease 

and colorectal cancer in ulcerative colitis) and clinical outcomes (reduced response to therapy, 

hospitalisation and surgery). The adoption of endoscopic mucosal healing as the primary target 

of therapy, as opposed to clinical remission only, has improved outcomes and represents a new 

era of treatment strategies. 

 

This thesis has addressed two important questions in the light of this new era. First, is mucosal 

healing the ideal target or can we do better by assessing for histologic normalisation or 

histologic healing? Second, how does the new, gut-selective anti-integrin approach with 

vedolizumab perform in reaching those targets in real-world practice and in the challenging 

setting of primary sclerosing cholangitis (PSC)?  

 

In addressing question one, it was found that complete histologic normalisation is possible in 

ulcerative colitis and occurs in ten percent of patients. Complete histologic normalisation is 

associated with less extensive disease and predicts improved clinical outcomes above that of 

endoscopic healing or histologic quiescence. Additionally, disease regression, as defined by 

segmental normalisation of histology, occurs in approximately one third of ulcerative colitis 

patients and is associated with younger age of diagnosis and current cigarette smoking. 

Normalisation can occur in any direction but is most likely to occur in a proximal to distal 

fashion. Unlike complete histologic normalisation, segmental disease regression does not 

signal improved clinical outcomes. Finally, histologic healing is possible in patients with ileal 
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Crohn’s disease. Histologic healing was found to be a stronger predictor of clinical outcomes, 

clinical relapse and medication escalation compared to endoscopic mucosal healing.  

 

In regard to the second question, this thesis explores the role of a new medication, vedolizumab, 

on outcomes in patients with IBD. The utility of vedolizumab in both anti-tumour necrosis 

factor (TNF) naïve and refractory patients in clinical practice was confirmed, and vedolizumab 

was found to be durable and safe in patients with complex and treatment-resistant Crohn’s 

disease and ulcerative colitis. Evidence for the benefit of dose intensification and the utility of 

vedolizumab in achieving mucosal and endoscopic healing has also been provided. 

Furthermore, a novel treatment regimen for patients with moderate or severe IBD utilising 

combination therapy of vedolizumab with either cyclosporin or tacrolimus is described and 

was found to be effective and safe at inducing clinical remission in patients with either 

ulcerative colitis or Crohn’s disease. This provides an alternative treatment regimen for patients 

who are steroid-refractory or who have already failed anti-TNF treatment. Finally, despite 

biological plausibility, this thesis demonstrates that vedolizumab does not improve liver 

biochemistry in patients with PSC and IBD but is associated with improvements in bowel 

disease and has a favourable safety profile.  

 

This series of studies on the importance of histology on disease outcomes and the use of a novel 

medication to improve clinical, endoscopic and histological outcomes in IBD hold the prospect 

of changing both future clinical care and clinical trial design.  
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Part 1: Introduction, Literature Review 
and Research Aims 

1.1  GENERAL INTRODUCTION 

Ulcerative colitis (UC) and Crohn’s disease (CD) are the two main disorders that make up the 

collective term, inflammatory bowel disease (IBD). IBD is a chronic, progressive, 

inflammatory disease of the gastrointestinal tract.(1) UC is a disease of the mucosal layer and 

is associated with an increased risk of colorectal cancer and other serious structural and 

functional consequences in the long term including the development of colonic strictures, 

dysmotility, anorectal dysfunction and impaired permeability.(1)  CD involves all the tissue 

layers of the gastrointestinal lining resulting in transmural inflammation, and can involve the 

mesenteric lymphatic system. Thus, in addition to the above-mentioned complications, CD can 

result in deep ulcers with fistula formation, abscesses and bowel perforation. In both conditions, 

endoscopic mucosal healing has emerged as a new therapeutic goal with the aim of preventing 

these long-term complications of the disease.(2-5) This is despite the fact that endoscopy only 

surveys the mucosal surface of the colon and terminal ileum. 

The main goal of therapy in IBD is to achieve and maintain disease remission. However, what 

constitutes this remission has changed in recent years. In the past, clinical remission, often 

defined as cessation of rectal bleeding, urgency and achievement of formed stool in UC and 

amelioration of abdominal pain and normalisation of stool frequency in CD was the accepted 

target of therapy when treating IBD. By achieving this goal, we had hoped to improve our 

patient’s health related quality of life and avoid disease related complications including 

hospitalisations and surgeries.  
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However while clinical remission may represent the functional improvement most recognizable 

to the patient, it focuses on the short-term goal of symptom relief and fails to recognise the 

importance of active inflammation at the transmural level in regards to long-term outcomes.(6, 

7) Hence, despite access to many new therapies over the years, the majority of CD patients still 

undergo surgery and we have not successfully modified the course of IBD in the modern era.(8, 

9) The recognition of this fact has recently led to a paradigmatic change in therapeutic approach 

in IBD. Frequent evaluation of objective markers of intestinal inflammation are being 

increasingly incorporated into treatment strategies to allow for timely changes of therapy. One 

such objective maker is that of mucosal healing. Although mucosal healing does not have a 

standardized or validated definition in IBD, it is most often defined as the absence of friability, 

blood, erosions and ulcers in all visual segments of the gut in UC (10) and the absence of 

ulceration in CD.(53) Mucosal healing has increasingly been demonstrated to improve patient 

clinical outcomes in IBD and has been associated with prolonged remission, fewer 

hospitalizations and surgical procedures, a lower risk of colorectal cancer, and improved quality 

of life.(6, 11-14)   

 

Despite the benefits of achieving mucosal healing, mucosal healing is not always an accurate 

indicator of histologic healing as microscopic evidence of inflammation is common even in 

patients with clinically and endoscopically quiescent disease.(2) Histologic healing is 

considered as the ultimate marker of quiescent disease activity and, at least in UC patients, the 

presence of persistent microscopic inflammation may predict a higher risk of clinical flares, 

colectomy, colorectal neoplasia and hospitalisation in patients.(15-17). Despite this, up to 63% 

of patients in clinical and endoscopic remission will have ongoing histologic inflammation and 

it is still not clearly defined whether normalisation of histology in IBD is possible, what degree 

of histological healing is required to improve clinical outcomes in IBD and whether persistent 
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histologic inflammation is associated independently with a worse prognosis in Crohn’s 

disease.(18-20) Furthermore, new therapies are constantly emerging in IBD and how these 

therapies impact on the clinical, endoscopic and histological outcomes needs to be constantly 

explored.  

 

Part 1 of this PhD initially outlines the current literature on the topics of: 1) The importance of 

objective markers of disease activity to guide treatment management in IBD; 2) Endoscopic 

disease activity in IBD, how to assess for mucosal healing and the prognostic value of a healed 

bowel; 3) Histology as an endpoint in IBD; 4) Emerging endpoints and surrogate markers of 

remission in IBD; and 5) Medications used for induction and maintenance of mucosal and 

histologic remission in IBD. It concludes with a synopsis of the thesis and summary of the 

studies included.
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1.2  OBJECTIVE ASSESSMENT OF DISEASE ACTIVITY IN IBD: THE PROBLEM 

WITH RELYING ON CLINICAL INDICES TO GUIDE TREATMENT 

MANAGEMENT  

 

Historically, we have relied on a patient’s reports of disease activity to guide our therapy in 

IBD, with a “step-up” approach based on re-evaluation of response and according to these 

clinical symptoms. However, this approach to treatment is flawed for several reasons. First, less 

than half of patients believe that being in remission could mean living without symptoms 

entirely and 74% believe it is normal to have clinical disease flares.(21) Therefore, if it is 

patient’s perception that clinical symptoms can be a normal part of the disease course, patients 

may underreport their clinical disease activity. Second, it has been found that, despite feeling 

well, inflammation is often present in asymptomatic patients with up to 40% of patients in 

clinical remission being found to have endoscopic disease activity.(13, 18, 22-24) Conversely, 

despite feeling unwell, patients may have no endoscopic findings of disease activity.(23) This 

can lead to both under and over treatment if one relies solely on clinical indices to guide 

treatment strategy. Third, many patients do not have stable disease control, with over 37% of 

patients having frequent intermittent symptoms over time(25) and only 10% of patients 

experiencing prolonged clinical remission.(25, 26)   

 

Relying on these historical indices has thus resulted in many patients having ongoing 

inflammation despite feeling well. Allowing symptoms to direct decision-making is a flawed 

strategy that is both reactive and not disease modifying. It may be associated with immediate 

improved quality of life, but it is not until mucosal healing is achieved that patients may avoid 

future disability from their disease. 
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1.3  UNDERSTANDING ENDOSCOPIC DISEASE ACTIVITY IN IBD: HOW TO 

INCORPORATE IT INTO PRACTICE  

 

Increasingly, it has been determined that healing, as ascertained by endoscopic assessment, is 

the goal of treatment in patients with IBD. The following paper reviews the different endoscopic 

scoring systems available to document disease activity and mucosal healing in IBD and gives 

recommendations about the scoring systems to use in both clinical trials and clinical practice. 
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Abstract Endoscopic assessment of disease activity is an es-
sential part of clinical practice in inflammatory bowel disease
(IBD) and is used for diagnosis, prognosis, monitoring for dys-
plasia and increasingly for the evaluation of mucosal or endo-
scopic response to therapy. Recently, mucosal or endoscopic
healing has emerged as a key goal of therapy as it has been
found that patients who achieve endoscopic remission have
improved outcomes compared to those who do not, and this
may be independent of their clinical disease activity. However,
there is currently no validated definition ofmucosal healing and
there are numerous endoscopic scoring systems proposed to
define endoscopic activity and response to therapy in both ul-
cerative colitis and Crohn’s disease. This article will discuss the
most common endoscopic scores used to measure endoscopic
disease activity in IBD, the pros and cons of each of these
scoring systems and proposed definitions for endoscopic re-
sponse or remission that exist for each. In addition, the role of
endoscopy in prognosticating the disease course is discussed
and how endoscopy can be utilized as part of a “treat-to-target”
treatment strategy where endoscopy results direct decisions re-
garding medical strategies in clinical practice is highlighted.

Keywords Crohn’s disease . Colonoscopy . Disease activity
indices . Endoscopic disease activity . Inflammatory bowel
disease . Mucosal activity .Mucosal healing . Ulcerative
colitis

Introduction

Endoscopy in IBD is used to diagnose ulcerative colitis
(UC) and Crohn’s disease (CD), prognosticate disease
severity, obtain biopsies of intestinal mucosa for histo-
logical examination, monitor for dysplasia and risk of
colorectal cancer and more recently to evaluate mucosal
or endoscopic response to therapy. Historically, the aim
of treatment for patients with inflammatory bowel dis-
ease (IBD) has been to induce and maintain clinical
(symptomatic) remission. However, increasingly, there
has been a paradigmatic shift in therapeutic approach
with a push toward aiming for endoscopic remission or
mucosal healing as a primary treatment goal. This is in
recognition of the fact that treating to induce clinical
remission is unreliable as IBD symptoms are subjective,
with patients in clinical remission having significant en-
doscopic disease activity [1–5] and patients who feel
unwell having no endoscopic findings of disease activity
[3]. This puts a significant proportion of patients at risk
of either disease progression due to inadequate treatment
or at risk of over treatment with unnecessary medications
if we rely on clinical symptoms alone to determine our
anti-inflammatory treatment strategy. Furthermore, pa-
tients who do achieve endoscopic remission have im-
proved outcomes compared to those who do not, with
patients who achieve mucosal healing being found to
have a decreased risk of clinical relapse, hospitalizations,
surgery and colorectal neoplasia [1, 3, 6••, 7–14].

Therefore, in order to accurately assess disease activity and
determine and quantify response to therapy, endoscopic as-
sessment is required and is increasingly becoming the stan-
dard of care. This article will discuss the most common endo-
scopic scores used to measure endoscopic disease activity in
IBD and their role in predicting the course of these diseases
and their impact on decisions regarding medical strategies. We
also provide a brief review of emerging non-invasive markers
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of mucosal healing that are increasingly being incorporated
into the real world setting and discuss how the assessment of
endoscopic disease activity should be incorporated into rou-
tine clinical practice.

Endoscopic Disease Activity Indices for Ulcerative
Colitis

Endoscopic findings of mucosal inflammation in UC typically
include erythema, edema with vascular congestion or loss of
fine vascular pattern, and granularity [15]. As the disease pro-
gresses in severity, friability, spontaneous bleeding and mac-
roscopic ulceration can also occur [15]. Truelove and Witts
developed the initial mucosal scoring system for UC in 1955
[16]. They reported endoscopic lesions as normal or near nor-
mal, improved or no change/worse on sigmoidoscopy during
a placebo-controlled trial of cortisone for the treatment of
active disease. Since then, many endoscopic scoring systems
for UC have been developed to measure endoscopic disease
activity (Table 1).

As there are many scoring systems available, this re-
view will focus on the most common scoring system used
in clinical trials of UC, the Mayo Clinic endoscopy sub-
score, and the newest scoring system that is currently
undergoing validation and is likely to be increasingly
adopted in the future, the ulcerative colitis endoscopic
index of severity (UCEIS).

The most common endoscopic score used in clinical trials
to measure endoscopic disease activity in UC is the Mayo
Clinic endoscopy sub-score [26]. This score has four compo-
nents: erythema, friability, vascular pattern and erosions/
ulceration with a maximum total score of 3 (Fig. 1).
Although not formally validated, mucosal healing has gener-
ally been defined as a Mayo score of either 0 or 1 [29]. This
definition has since been found to be fitting with a post hoc
analysis of the active ulcerative colitis trials (ACT)-1 estab-
lishing that patients who achieve a post-treatment Mayo en-
doscopic score of 0 or 1 have equivalent rates of colectomy on
follow-up and are significantly less likely to undergo
colectomy over the subsequent year than those with higher
Mayo endoscopic sub-scores [30]. However, of note, patients
who achieved a score of 0 were found to have higher rates of
steroid-free remission at 1 year compared to those who only
achieved a score of 1 [30]. The strengths of the Mayo endo-
scopic sub-score lie in the frequency of its use in clinical trials
and its ease of use. Its weakness lies in its lack of validation,
the fact that it does not distinguish between deep and superfi-
cial ulceration [31•] and that the score only reflects the most
severely affected segment of the bowel visualized without
giving any indication of the extent or distribution of mucosal
inflammation and setting no minimal insertion length. In ad-
dition, the original score includes variable degrees of friability

in the score of 1 and 2, which results in high inter-observer
discrepancy and inconsistent results [32]. In fact, because of
this concern, some studies have used a modifiedMayo scoring
system that classifies the presence of any degree of friability as
an automatic Mayo endoscopic sub-score of 2 [33–35]. This
modified Mayo Clinic Endoscopic Score (MMCS) has been
found on initial review to have excellent intra-observer and
inter-observer reliability (intra and inter-class correlation co-
efficient and 95 % confident interval [95 % CI] 0.89 [0.85–
0.92] and 0.79 [0.72–0.95], respectively) and is responsive to
change [36].

Due to the need for a prospectively validated endo-
scopic assessment tool that can assess mucosal healing
in UC and be applied to clinical practice, the ulcerative
colitis endoscopic index of severity (UCEIS) [37] and the
ulcerative colitis colonoscopic index of severity (UCCIS)
[27] have recently been developed and undergone initial
validation. The UCEIS (Table 2) is the most cited of these
tools and was prospectively developed using multiple val-
idated steps with the final tool evaluating vascular pattern,
bleeding and erosions and ulcers with the worst segment
of the colon scored for each variable on a 0–2 or 0–3
scale giving a total score of 0–8 [37]. The final scoring
system is easy to use and has a high intra and inter-
observer agreement with an intra-observer kappa value
of 0.82, 0.72 and 0.78 and inter-observer kappa values
of 0.83, 0.56 and 0.77, respectively, for three main de-
scriptor domains of vascular pattern, bleeding and
erosion/ulcers [28•]. The correlation coefficient (r2) be-
tween the UCEIS and overall severity evaluation was
0.94 (p< 0.0001), meaning it accounts for 88 % of the
variance in overall assessment of severity between ob-
servers [28•]. The main limitation of this score currently
is that there is still no threshold set for remission, mild,
moderate and severe disease although these are anticipat-
ed in the near future. A preliminary study has shown that
in patients admitted with acute severe colitis, a score of 7
or 8 out of 8 at the time of admission predicts inadequate
response to intravenous steroids and need for rescue ther-
apy with cyclosporine or infliximab [38]. This scoring
system is currently being adopted in clinical trials and
will likely be adapted for clinical practice in the future.

Endoscopic Disease Activity Indices for Crohn’s
Disease

Endoscopic findings in CD consist of edema, erythema,
apthoid ulceration, cobblestone appearance and strictures
[15]. There are currently three major endoscopic indices for
evaluating CD disease activity (Table 3). The two validated
endoscopic activity scores for CD are the Crohn’s disease
endoscopic index of severity (CDEIS) [39] and the simple
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endoscopic score for Crohn’s disease (SES-CD) [40]. Both
tools have been prospectively validated and shown to be re-
producible and have good inter-observer agreement [42–44].

The CDEIS is often considered the gold standard for
classifying endoscopic disease activity in CD. The endo-
scopic parameters of (1) presence or absence of ulcers,
distinguished as superficial or deep, (2) percentage of sur-
face ulcerated and/or affected, and (3) presence of stenosis,
classified as ulcerated or non-ulcerated stenosis in the five
bowel segments (terminal ileum, right colon, transverse co-
lon and sigmoid, and rectum) are evaluated to give a total
score of 0–44 [39]. It has good correlation with the Crohn’s
disease activity index (CDAI), is highly reproducible and is
sensitive to changes in endoscopic mucosal appearance and
healing [30]. The CDEIS is the most commonly used en-
doscopic tool to assess disease activity in clinical trials
although there is no agreement or formal validation regard-
ing cut-off values for defining endoscopic response to treat-
ment, endoscopic remission or mucosal healing and no data
available on long-term clinical outcomes. In the available
trials, endoscopic response has previously been defined as a
decrease from the baseline score of at least 3 or 5 points
[43, 45] although more recently, a post hoc analysis of the
SONIC trial by Ferrante et al. [46], showed that defining
endoscopic response as a decrease from baseline of the
CDEIS score of at least 50 %, was most predictive of
corticosteroid-free clinical remission by week 50, including
that of a decrease in score of 3 or 5 points. In trials utiliz-
ing the CDEIS, endoscopic remission has been defined as
“partial” using a cut-off of <6 [40, 45, 47], and “complete”
using a cut-off of <3 [40, 45], <4 [48], ≤4 [49] or 0 [50].
The main limitation of the CDEIS is the fact that it is aT
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complex tool that requires training and experience to uti-
lize, resulting in a 2002 expert consensus statement that the
CDEIS should be reserved for use in clinical trials only due
to its complexity [51].

To overcome these limitations, a simplified index, the
simple endoscopic score for CD (SES-CD) was devel-
oped. The SES-CD is reliable and correlates well with
the CDEIS (correlation coefficient r2 = 0.920) [40]. The
endoscopic parameters of (1) ulcer size, (2) ulcerated
and affected surfaces, and (3) stenosis are scored from 0
to 3 in each of the five bowel segments (terminal ileum,
right colon, transverse colon and sigmoid, and rectum) to
give a total score of 0–60 [40]. However, despite it being
much simpler than the CDEIS, the SES-CD is still a com-
plex index with limited use in clinical practice. In addi-
tion, as with the CDEIS, there is a lack of consensus on
the definition of endoscopic response and remission. In
previous clinical trials, a SES-CD score of <3 [49,
52–54] or equal to 0 [13, 50, 55–57] has been used to
define endoscopic remission or minimal endoscopic activ-
ity and, more recently, Moskovitz et al. [58] validated the
cut-off values for the SES-CD as 0–2 for endoscopic re-
mission, 3–6 for mild endoscopic disease, 7–15 for mod-
erate endoscopic disease activity and ≥16 for severe en-
doscopic disease activity. In regard to defining endoscopic
response to treatment, as with the CDEIS, Ferrante et al.

[46] demonstrated that a decrease from baseline of the
SES-CD score of at least 50 % was most predictive of
improved outcomes. With this evidence in mind, the
International Organization for the Study of Inflammatory
Bowel Disease is preparing an expert opinion publication
stating that endoscopic response to therapy should be de-
fined as a >50 % decrease in the SES-CD and that remis-
sion should be defined as an SES-CD of 0–2 [59].

The final endoscopic activity scoring system common-
ly used in CD is the Rutgeert’s score [41] (Fig. 2). The
Rutgeert’s score assesses and quantifies endoscopic dis-
ease recurrence in the neo-terminal ileum after ileal or
ileocolonic resection [41, 60] and is the most commonly
used tool used to assess recurrence in postoperative CD
trials. The numerical score ranges from 0 to 4; (0) normal
mucosa; (1) <5 apthous lesions; (2) >5 apthous ulcers
with normal intervening tissue; (3) diffuse inflammation
with diffuse ulcers; (4) nodules and/or narrowing.
Although it has not been fully prospectively validated,
the severity of the Rutgeert’s score on endoscopy in an
asymptomatic patient within 12 months of the ileocolonic
resection has been shown to predict the risk of clinical
recurrence with Rutgeert’s score of grade 0 or 1 being
associated with a very low risk of clinical recurrence
(80–85 % asymptomatic at 3 years follow-up) compared
to those who have a score of 3 or 4 (<10 % asymptomatic

Table 2 The ulcerative colitis
endoscopic index of severity
(UCEIS) [28•]

Descriptor Score Definition

Vascular

pattern

Normal (0)

Patchy obliteration (1)

Obliterated (2)

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

Patchy obliteration of vascular pattern

Complete obliteration of vascular pattern

Bleeding None (0)

Mucosal (1)

Luminal mild (2)

Luminal moderate or

severe (3)

No visible blood

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

Some free liquid blood in the lumen
Frank blood in the lumen ahead of endoscope or visible
oozing from mucosa after washing intraluminal blood,
or visible oozing from a hemorrhagic mucosa

Erosions and ulcers None (0)

Erosions (1)

Superficial ulcer

(2)

Deep ulcer (3)

Normal mucosa no visible erosions or ulcers

Tiny defects in the mucosa, of a white or yellow colour
with a flat edge

Larger (>5 mm) defects in the mucosa which are discrete
fibrin-covered ulcers when compared with erosion,
but remain superficial

Deeper excavated defects in the mucosa with a slightly
raised edge

The three descriptors are scored for the worst affected area of the colon to give a score of 0–8

[Adapted from. Travis S et al. Reliability and Initial Validation of the Ulcerative Colitis Endoscopic Index of
Severity. Gastroenterology. 2013; 145:987–995] [28•]
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at 3 years follow-up) [41]. Therefore, ileocolonoscopy is
recommended within 1 year following surgical resection
to determine if postoperative treatment is effective or if
additional treatment is required.

Endoscopic Assessment Can Predict Disease Severity

Endoscopic severity may predict the future clinical course
of IBD. In both UC and CD, severe endoscopic lesions
predict an increased risk of colectomy. In CD, severe en-
doscopic ulceration increases the risk of colectomy to
31 % from a baseline of 6 % at 12 months in those with-
out severe endoscopic lesions [61] and in UC, the odds
ratio of colectomy when a patient is admitted for a severe
attack is 41 in those with severe lesions on endoscopy
compared to those without severe lesions [62]. In addi-
tion, it has been shown that only 34 % of patients who
respond to medical therapy in severe colitis have severe
endoscopic lesions compared to 91 % in those who do not
respond to medical therapy (OR >20) [40].

Importance of Achieving Mucosal Healing in IBD

In recent years, mucosal healing has increasingly emerged as a
major aim of therapeutic interventions in IBD. This is second-
ary to the growing evidence that demonstrates improved clin-
ical outcomes in those achievingmucosal healing compared to
those who do not.

Improved clinical outcomes in patients who achieve muco-
sal healing compared to clinical remission alone was first re-
ported back in 1966 by Wright et al. [63] who found that UC
patients not achieving mucosal healing when treated with ste-
roids relapsed more frequently during a follow-up period of
1 year compared to patients who did (40 vs. 18 %, respective-
ly). Since then, a plethora of studies have confirmed this find-
ing and demonstrated that in both UC and CD, mucosal
healing is associated with prolonged remission, fewer hospi-
talizations and surgical procedures, less bowel damage
(fistulas) in CD, less immunosuppression therapy, a lower risk
of colorectal cancer, and improved quality of life [1, 3, 6••,
7–14, 30, 62, 64–66].

Recently, it has also been demonstrated that the severity
and chronicity of inflammation in the colon is associated with
the risk of colorectal neoplasia [67–70]. The degree of endo-
scopic and histologic inflammation has been found to corre-
late with the risk of developing colorectal neoplasia on uni-
variate analysis with more severe disease being associated
with higher cancer risk [67, 68]. Despite the fact that on mul-
tivariate analysis only histological inflammation was an inde-
pendent predictor of risk, a follow-up study of colorectal sur-
veillance did find that UC patients who have mucosal healingT
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or a macroscopically normal colon have a colorectal cancer risk
similar to that of the general population on 5-year follow-up [68].

Endoscopic Assessment in Clinical Practice

Clinical disease activity is subjective and not a reliable indi-
cator of endoscopic disease activity. It has been found that up
to half of patients who are in clinical remission will still have
endoscopic evidence of active disease [71]. In addition, a high
prevalence of clinical symptoms has been noted in patients
who actually have achieved mucosal healing [3, 72]. This
leads to a situation in which patients may be either under- or
over-treated in relation to their symptoms and disease activity
if endoscopic assessment does not occur, and is the reason that
assessment of endoscopic disease activity is increasingly be-
ing applied to treatment algorithms.

When to Look

In regard to timing of endoscopic assessment, due to the
prognostic value of endoscopy in regard to long-term out-
comes, patients who have a significant increase in clinical
symptoms or are first presenting with symptoms should un-
dergo a baseline endoscopy. This allows an appropriate treat-
ment plan to be initiated that is titrated to the patient’s dis-
ease severity. Once therapy has commenced, it is now in-
creasingly accepted that a follow-up colonoscopy should
occur to assess for mucosal healing or endoscopic response
to therapy. The timing of this is still controversial but should
likely occur between 3 and 6 months (earlier if the faster
acting anti-TNF therapies are utilized and later if the slower
acting anti-metabolite or anti-integrin medications are used).

How to Document Endoscopic Activity and Mucosal
Healing

The routine use of endoscopic scoring systems is cur-
rently limited to trial settings. The reason for this is
secondary to the fact that currently there is no one ac-
cepted tool that has been standardized for this setting in
either CD or UC, often the scoring systems are too
complex and time-consuming to be used in clinical
practice and many suffer from high inter-observer vari-
ability. In addition, the existing scoring systems do not
have well-defined and validated thresholds for mucosal
response or healing and there is no consensus on degree
of mucosal healing that is required to limit future dis-
ability or change the natural history of the disease.

However, despite their limitations, the use of an en-
doscopic scoring system can aid in the reporting of
endoscopic findings and allow easy comparison between
a patient’s current and previous colonoscopy result. If it
is feasible, we recommend the use of the Mayo sub-
score for UC and the SES-CD score for CD. However,
in clinical practice, generally documentation of endo-
scopic disease activity remains subjective. If the endo-
scopic scoring systems are not used, it is important to
report in each segment of the bowel on the following:

& The extent and location of inflammation
& If the bowel involvement is continuous or involves skip

areas
& The presence of erythema, loss of vascular pattern,

bleeding (contact or spontaneous), presence of ero-
sions or ulceration (superficial or deep) and the pres-
ence of strictures or fistulas.

Fig. 2 Rutgeerts’ score for
postoperative endoscopic
recurrence
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We also recommend specific language in the impressions
to distinguish “clinical remission” from “endoscopic remis-
sion” from other end points (like histologic remission). Such
examples include the following:

IMPRESSION: Endoscopically moderately active left-
sided ulcerative colitis.
IMPRESSION: Endoscopically quiescent panulcerative
colitis and clinical remission (deep remission).
IMPRESSION: Endoscopically mildly active patchy
Crohn’s ileitis and proximal colitis.

In addition, on follow-up, ileocolonoscopy is important to
note if the endoscopic disease activity has improved, wors-
ened or is stable.

Although not yet suitable for adoption in the clinical set-
ting, currently newer endoscopic scoring systems are being
developed and future studies are likely to validate these scor-
ing systems in the clinical setting and demonstrate their role in
the day-to-day management of IBD patients. This will help
with the comparison between drug efficacies and optimize a
treat-to-target treatment algorithm in our patients.

How to Achieve Mucosal Healing

If a patient is symptomatic and has not achieved mucosal
healing, then escalation of medical therapies should occur. If
a patient who is in clinical remission is found to have unex-
pected mucosal inflammation, an open dialogue should occur
about the goals of treatment. Symptom control and the side
effects of therapy should be acknowledged but a discussion
about the risks of uncontrolled inflammation and resulting pro-
gressive disease should also occur and short and long-term
goals recognized. It is now thought that achieving mucosal
healing will improve the long-term outcomes of inducing
sustained clinical remission and reducing hospitalizations and
surgery in patients with IBD and reduce or prevent progressive
disease and disability. Therefore, adopting a “treat-to-target”
approach is increasingly being accepted with the target being
that of mucosal healing. After discussing the pros and cons of
escalation of therapy with the patient, techniques to treat to
mucosal healing include confirming adherence to medication
and overcoming barriers to adherence, optimization of current
medical therapies including assessment of medication metab-
olites or therapeutic monitoring of anti-TNF therapy and
adjusting therapy as needed and if required consideration given
to switching therapy to another drug within the same class or
outside the class depending on the clinical context [73].

Preliminary retrospective data suggest that repeated assess-
ment of endoscopic disease activity with adjustment of med-
ical therapy to the target of mucosal healing is feasible in
clinical practice and seems to be of benefit [74••, 75••].
However, although it is thought that mucosal healing will

improve long-term outcomes, there are still many unresolved
challenges in regard to incorporating endoscopic assessment
and the target of mucosal healing into routine clinical practice
(Table 4). It is still unclear just how much healing is required
and it is yet to be demonstrated prospectively that mucosal
healing can prevent disease progression or change the natural
history of IBD [73]. Therefore, before any medication adjust-
ment takes place, the risks of medical escalation must be
weighed against the benefits of achieving mucosal healing
as this escalation of therapy is likely to increase the associated
risks of the medication [73, 76••]. For targets of healing, a
recent expert statement from the International Organization
for the study of Inflammatory Bowel Diseases (IOIBD) has
recommended selecting a Mayo endoscopic sub-score of 0–1
to define endoscopic remission in UC and the resolution of
ulceration at ileocolonoscopy in CD [77••].

Conclusion

Ileocolonoscopy is now considered the gold standard to assess
disease severity, prognosticate a patient’s future disease course
and quantify mucosal response and healing following treat-
ment in inflammatory bowel disease and is more reliable in
determining disease activity than relying on clinical symp-
toms alone. Numerous endoscopic scoring systems exist how-
ever most are limited due to their complexity and a lack of
formal validation. In addition, there is currently limited con-
sensus on the value or percentage improvement in these scores
that should be used to define mucosal improvement and
healing and there is limited data on how these scores can be
utilized to predict long term improved clinical outcomes and
therapeutic management strategies in regard to continuing or
stopping therapy or changing the type of therapy completely.
Despite these limitations, the assessment of disease activity
and mucosal healing by endoscopy is increasingly becoming
standard of care and should now be routinely implemented
into clinical practice as part of a treat-to-target strategy.

Table 4 Unresolved challenges to the incorporation of routine
endoscopic assessment and mucosal healing in IBD management

How much healing is really needed to impact outcomes?

Can mucosal healing be achieved in most patients?

What is the incremental benefit achieved by dose escalation or switching
therapies?

What is the optimal time interval between changes in therapy and
subsequent endoscopic re-assessment?

How accurate are the existing less invasive measures of mucosal injury?

Can de-escalation occur after deep remission is sustained for some time?

Will patients agree to therapy changes based only on endoscopic
findings?

Will insurers pay for these tests?
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1.4  TREATMENT TARGETS IN IBD: OBJECTIVE ASSESSMENT OF 

ENDOSCOPIC DISEASE ACTIVTY AND MUCOSAL HEALING 

 

This book chapter reviews the role of endoscopic disease activity and mucosal healing on 

outcomes in IBD and evaluates the importance of achieving mucosal healing in IBD. It again 

reviews the available endoscopic scoring systems and gives recommendations on when and 

how to assess for endoscopic mucosal healing.  The chapter concludes with a summary of 

surrogate markers of endoscopic healing and gives recommendations on how to incorporate 

assessment of mucosal healing into a treat-to-target protocol. 
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 Introduction

Historically the goal of therapy when treating patients with 
inflammatory bowel disease (IBD) has been to achieve and 
maintain symptomatic remission. This has been accomplished 
using a step-up approach, in which therapies were commenced 
and their efficacy evaluated based on symptom- based metrics, 
followed by adjustments of therapy occurring until the patient 
achieved clinical remission. Clinical remission usually was 
defined as normal stool frequency, no abdominal pain and no 
rectal bleeding. By achieving this goal short-term respite was 
provided to patients with the hope of improving their quality 
of life and avoiding disease- related complications such as hos-
pitalizations and surgeries. However, recently it has been 
demonstrated that despite frequently achieving symptomatic 
remission in our patients and despite access to many new ther-
apies over the years, the course of IBD has not been success-
fully or substantially modified in the modern era [1, 2].

It is now known that relying on a patient’s clinical symp-
toms to assess the inflammatory response to treatment is 
unreliable. Up to 40 % of patients in clinical remission will 
have endoscopic disease activity [3–8] and patients who feel 
unwell often have no endoscopic findings of disease activity 
[5]. In addition, although a patient may present in symptom-
atic (clinical) remission, many patients do not have stable 
disease control, with over 37 % of patients having frequent 
intermittent symptom over time [9] and only 10 % of patients 
experiencing prolonged clinical remission [9, 10] making a 

single time point assessment of clinical response unreliable. 
Therefore, this puts a significant proportion of patients at 
risk of either disease progression due to inadequate treat-
ment, or at risk of overtreatment with unnecessary medica-
tions if one only relies on symptoms to choose treatments.

The recognition of these facts has led to a paradigmatic 
change in the therapeutic approach of IBD. Frequent evalua-
tion of objective markers of disease activity are increasingly 
being incorporated into treatment algorithms to allow for 
timely changes of therapy. Thus, achievement of mucosal 
healing has emerged as a major treatment goal in IBD. 
Although mucosal healing does not have a standardized or 
validated definition in IBD, it is most often defined as the 
absence of friability, blood, erosions, and ulcers in all visual 
segments of the gut in UC [11] and the absence of ulceration 
in CD [12]. Therefore assessment of mucosal healing contin-
ues to require endoscopic assessment.

This chapter discusses the importance and prognostic role 
of endoscopic assessment of disease activity and mucosal 
healing in IBD, summarizes the major endoscopic indices of 
activity in CD and UC including their strengths, limitations, 
and application to both clinical trials and clinical practice, 
and finally, highlights the integration of endoscopic disease 
activity utilizing a “treat-to-target” algorithm that incorpo-
rates endoscopic mucosal healing as a target.

 Prognostic Role of Endoscopic Disease 
Activity and Mucosal Healing in IBD

Historically, clinical evaluation and treating to clinical remis-
sion was the objective of treatment in IBD. However it was 
found that despite advances in medical therapies that 
improved symptoms, patients still required hospitalization 
and surgery and the natural history of the disease was 
unchanged [1, 2]. Therefore increasingly there has been a 
move to objective assessment of disease activity, and endo-
scopic assessment has been the gold standard. Endoscopy 
can be used both at diagnosis to prognosticate the disease 
course and to determine response to therapy.
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Endoscopic severity has been shown to predict the future 
clinical aggressiveness of IBD, specifically non-response to 
medical therapy and need for surgery. In UC severe lesions 
increase the odds ratio of colectomy by 41 compared to those 
without severe lesions [13] and severe endoscopic lesions 
predict non-response to therapy, with only 34 % of patients 
with severe endoscopic lesions responding to medical ther-
apy, compared to 91 % of those who have less severe endo-
scopic disease (OR > 20) [14]. Therefore, an endoscopic 
assessment is indicated in a newly symptomatic patient or in 
severe flares of disease to guide appropriate medical or surgi-
cal intervention required. In CD, severe endoscopic ulcer-
ations are associated with a 31 % risk of colectomy, compared 
to a 6 % risk in those without severe endoscopic lesions [15]. 
In addition, endoscopic assessment within 12 months of ileo-
colonic resection in Crohn’s disease can be used to predict 
the postoperative clinical disease course [16].

Once a patient has had a baseline colonoscopy to prog-
nosticate their disease course and commence an appropriate 
therapeutic regimen, there is increasing evidence that assess-
ing for mucosal healing provides further prognostic informa-
tion regarding future disease course. This is because once a 
patient is on treatment, achievement of mucosal healing in 
both UC and CD has been found to be independently associ-
ated with improved outcomes including prolonged remis-
sion, fewer hospitalizations, reduced surgical procedures, 
fewer fistulas, less immunosuppression therapy, a lower risk 
of colorectal cancer, and improved quality of life (Table 24.1) 
[3, 5, 9, 13, 17–32].

It is now known that whilst treating to clinical symptoms 
in IBD is important to aid a patient’s immediate quality of 
life, adjustments to therapy frequently are delayed and long- 
term disability is not prevented [33]. Although no prospec-
tive study has demonstrated that treating to achieve mucosal 
healing rather than clinical symptoms alone changes out-
comes, preliminary retrospective studies have demonstrated 
that repeated endoscopic assessment of disease activity with 
adjustment of medical therapy to the target of mucosal heal-
ing is feasible in clinical practice and is of benefit [34, 35]. In 
addition one can extrapolate the experience from other 
chronic diseases, where reaching an objective target does 
improve long-term outcomes. This is the case for lowered 

blood pressure in hypertension [36], lowered glycosylated 
hemoglobin in diabetes [37–39], and most relevant, reduced 
joint inflammation in rheumatoid arthritis [40–42]. If we 
take this experience and apply it to IBD, strict disease con-
trol with an assessment of the mucosa and an aim to achieve 
mucosal healing should lead to improved outcomes.

 Endoscopic Assessment of Disease Activity 
in Ulcerative Colitis

Ulcerative colitis involves inflammation of only the large 
intestine, starting in the rectum and extending proximally, 
with clear demarcation of normal and abnormal mucosa. At 
endoscopy, the mucosa is edematous, granular and has a 
change in vascular pattern [43]. In more severe disease easy 
friability and bleeding, ulceration, and pseudopolyps can 
occur [43]. Despite the fact that it has been more than 50 
years since the first report on endoscopic lesions and muco-
sal healing by Truelove and Witts [44], it is not until recently 
that attempts have been made to validate any of the many 
subsequent systems (Table 24.2). As there are many scoring 
systems available, this chapter focuses specifically on the 
most common endoscopic scoring system used in clinical tri-
als, the Mayo Clinic endoscopy sub-score, and the newer 
scoring systems currently undergoing validation, the ulcer-
ative colitis endoscopic index of severity (UCEIS) and the 
ulcerative colitis colonoscopic index of severity (UCCIS).

Currently the most widely used endoscopic scoring sys-
tem to quantify mucosal disease activity in UC in clinical 
trials is the Mayo Clinic endoscopy sub-score (Fig. 24.1) 
[54]. This score assesses vascular pattern, erythema, friabil-
ity, bleeding, erosions, and ulceration. It is a four-point scale 
ranging from 0 to 3, with 0 being inactive disease and 3 being 
severe disease. It is a simple score that is easy to calculate. In 
most trials, mucosal healing is defined as a Mayo score of 
either 0 or 1 [11]. Evidence for the appropriateness of this 
definition was found in a post hoc analysis of the Active 
Ulcerative Colitis Trials (ACT)-1 that demonstrated that 
patients with an 8-week post-treatment Mayo score of 0 or 1 
had a lower risk of undergoing colectomy and had better 
clinical outcomes at 1 year compared to those with higher 

Table 24.1 Benefits of mucosal healing and unresolved challenges to the incorporation of routine endoscopic assessment of mucosal healing into 
clinical practice

Benefits of mucosal healing Unresolved issues of mucosal healing

Decreased clinical relapse How much mucosal healing is required to impact outcomes?

Decreased hospitalizations Can mucosal healing be achieved in most patients?

Decreased rate of surgery What is the incremental benefit achieved from dose escalation or switching therapies?

Increased quality of life What is the time interval between changes in therapy and subsequent endoscopic reassessment?

Less incidence of neoplasia Can de-escalation occur after deep remission is sustained for some time?

Decreased incidence of fistula’s Will patients agree to therapy changes based only on endoscopic findings even if they are in 
clinical remission?
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Table 24.2 Endoscopic disease activity scoring systems in ulcerative colitis

Endoscopic scores Variables Score range

Definition of 
remission and 
response Strengths Weaknesses

Truelove and Witts 
sigmoidoscopic 
assessment [44]

Hyperemia, granularity 
and change in overall 
appearance of the 
mucosa

No description Not defined Possibility to 
stratify patients by 
their disease 
severity

Not validated
High inter- observer 
variability
No definition of 
mucosal healing

Baron score [45] Severity of mucosal 
bleeding and friability

0–3 Remission: 0–1 
(NV)
Response: Not 
defined

Easy to use
Good inter- observer 
correlation

Not validated
No assessment of ulcers
No definition of 
mucosal healing

Modified Baron score 
[46]

Friability, vascular 
pattern, granularity, 
bleeding and ulceration

0–4 Remission: 0–1 
(NV)
Response: Not 
defined

Easy to use
Good inter- observer 
correlation

Not validated
No definition of 
mucosal healing

Powell-Tuck 
sigmoidoscopic 
assessment [47, 48]

Severity of mucosal 
bleeding and friability

0–2 Not defined Easy to use Not validated
No definition of 
mucosal healing
Ulceration not included

Rachmilewitz 
endoscopic index 
[48]

Granulation, vascular 
pattern, vulnerability of 
mucosa, mucosal 
damage

Four items rated 0–3. 
Total of 0–12 points

Remission: 0–4 
(NV)
Response: Not 
defined

Not validated
Complex and subjective 
descriptive terms

Sigmoidoscopic 
index [49]

Erythema, friability, 
ulceration, mucous, 
vascular pattern

Five items rated 0–3. 
Total 0–16 points

Remission: 0–4 
(NV)
Response: Not 
defined

Not validated
Complex

Sigmoidoscopic 
inflammation grade 
score [50]

Edema, vascular pattern 
Granularity, friability, 
bleeding, ulcers

0–4 Not defined Not validated
No definition of 
mucosal healing

Sutherland mucosal 
appearance 
assessment [51]

Friability, exudation, 
bleeding

0–3 Not defined Not validated
Subjective
No definition of 
mucosal healing
Easy to use

Endoscopic activity 
index [52]

Ulcers (size and depth), 
erythema, bleeding, 
mucosal edema, 
mucosal exudate

0–3 Not defined Complex
Not validated
No definition of 
mucosal healing
Closely correlated with 
clinical activity

Matts Index [53] Granularity, bleeding, 
edema,
ulceration

1–4 Not defined Not validated
No definition of 
mucosal healing
Easy to use
Good inter- and 
intra-observer 
agreement

Mayo endoscopic 
sub-score [54]

Erythema, vascular 
pattern, friability, 
bleeding, erosions, 
ulcerations

0–3 Remission: 0 or 
0–1 (PV)
Response: Not 
defined

Not validated
Extensive use in clinical 
trials and RCT’s

Ulcerative colitis 
colonoscopy index of 
severity (UCCIS) 
[55, 56]

Vascular pattern, 
granularity, ulceration, 
bleeding/friability

Four items rated 0–2 
for vascular pattern, 
granularity, bleeding/
friability and 0–4 for 
ulcerations. To total 
0–10 points

Not defined Preliminary 
validation
Based on rigorous 
methodology
Provides pan- 
colonic assessment

Includes subjective 
parameters and complex 
scale
No definition of 
mucosal healing
Requires post-procedure 
time to be scored

(continued)
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scores [3]. Of note, however, is that patients achieving a 
Mayo score of 0 also had higher rates of symptomatic remis-
sion, corticosteroid-free remission and subsequent mucosal 
healing at weeks 30 and 54 compared to those with a score of 
1 but did not have lower rates of colectomy [3]. Despite its 
ease of use and frequent uptake in clinical trials, the Mayo 
endoscopic sub-score is hampered by a lack of validation 
and a high inter-observer discrepancy, particularly in regard 
to the inclusion of friability in the score of 1, which has been 
found to be so subjective as to lead to inconsistent results 
[58]. To overcome this, some studies have adapted the index 

and made the presence of friability an automatic Mayo 
sub- score of 2 [59–61].

Until recently, no endoscopic score to assess disease 
activity in UC was prospectively or completely validated. 
To overcome these limitations the ulcerative colitis endo-
scopic index of severity (UCEIS) [57, 62] and the ulcerative 
colitis colonoscopic index of severity (UCCIS) [55, 56] 
have recently been developed as the first prospectively vali-
dated scoring systems for UC. The UCEIS was a collabora-
tive effort between 40 IBD specialists from 13 counties and 
evaluates three variables that were determined to be the 
most discriminating; vascular pattern, bleeding and erosions 
and ulcers (Table 24.3) [62]. The worst segment of the colon 
is given a score of 0–2 or 0–3 for each variable to give a 
total score of 0–8 and the scoring system has demonstrated 
excellent intra and inter-observer agreement [57, 58]. 
Limiting its use currently is the fact that cutoff scores to 
define disease severity or mucosal healing have not yet been 
determined and the sensitivity of the scoring system to 
change in disease activity and mucosal improvement 
remains unknown. However, validation of thresholds for 
defining mucosal healing and response are anticipated in the 
near future. With this in mind, this scoring system is likely 
to be increasingly adopted in clinical trials and applied to 
clinical practice.

Unlike the previously mentioned scores, which assess 
only the recto-sigmoid area of the colon, the UCCIS grades 
mucosal changes throughout the entire colon, which may 
provide further important prognostic data. The score exam-
ines vascular pattern, granularity, ulceration, bleeding/fria-
bility, and severity of damage in each colon segment and 
overall using a four-point scale and a 10-cm visual analogue 
scale [55]. As with the UCEIS, the UCCIS has excellent 
inter-observer agreement apart from the included variable of 
friability and has been found to have moderate correlation 

Table 24.2 (continued)

Endoscopic scores Variables Score range

Definition of 
remission and 
response Strengths Weaknesses

Ulcerative colitis 
endoscopic index of 
severity (UCEIS) 
[57]

Vascular pattern, 
bleeding, erosions/
ulceration

Three items rated 0–3 
for vascular pattern 
and 0–4 for bleeding 
and ulceration.
Total of 0–11 points

Not defined Preliminary 
validation
Easy to use
Based on rigorous 
methodology
Accounts for 94 % 
of variance between 
endoscopists for the 
overall assessment 
of severity
Independent of 
clinical symptoms

Limited to rectosigmoid
Low agreement for 
normal appearing 
mucosa
Sensitivity to change 
and mucosal healing 
remain undefined

NV not validated
PV partially validated
This table was adapted from Current Gastroenterology Reports. Christensen B et al. Understanding Endoscopic Disease Activity in IBD: How to 
Incorporate It into Practice. 2016; 8:5; with permission from Springer 

Fig. 24.1 Mayo endoscopic sub-score [54]. This figure was adapted 
from Current Gastroenterology Reports. Christensen B et al. Under-
standing Endoscopic Disease Activity in IBD: How to Incorporate It 
into Practice. 2016; 8:5; with permission
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Table 24.3 The ulcerative colitis endoscopic index of severity (UCEIS)

Descriptor Score Definition

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

Patchy obliteration (1) Patchy obliteration of vascular pattern

Obliterated (2) Complete obliteration of vascular pattern

Bleeding None (0) No visible blood

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

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

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

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

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

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

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

The three descriptors are scored for the worst affected area of the colon to give a score of 0–8
[This table was adapted from Travis S et al. Reliability and initial validation of the Ulcerative Colitis Endscopic Index of Severity. 
Gastroenterology. 2013; 145:987–95; with permission.] 
Copyright Warner Chilcott Pharmaceuticals, although the index is freely available for use by investigators

with laboratory markers of disease activity including CRP 
and albumin and patient-defined remission [55, 56]. 
However, as with the UCEIS, there is no validation or defini-
tion of response or remission and its future use may be lim-
ited due to the need for full colonoscopy limiting its practical 
application [59].

 Endoscopic Disease Activity Assessment 
in Crohn’s Disease

Crohn’s disease can affect any part of the gastrointestinal 
tract from the mouth through to the anorectum and inflam-
mation occurs in a patchy pattern. On endoscopy, findings in 
CD typically consist of segmental erythema, strictures and 
apthoid ulceration that can progress to stellate, longitudinal, 
tortuous, or serpiginous ulcers and a cobblestone appearance 
[43]. The terminal ileum can be involved and anal or peri-
anal disease is suggestive of CD over UC. There are two 
validated endoscopic indices for evaluating CD disease 
activity and a further index that is routinely used to assess 
postoperative recurrence in CD (Table 24.4).

The Crohn’s disease endoscopic index of severity (CDEIS) 
[12] and the simple endoscopic score for Crohn’s disease 
(SES-CD) [63] have been prospectively validated and been 
shown to be reproducible, have good inter-observer agree-
ment, have good correlation with the Crohn’s disease activity 
index (CDAI) and are sensitive to changes in endoscopic 
mucosal appearance and healing [26, 64–66]. The CDEIS 
was the first endoscopic scoring system developed for CD 
(Table 24.5) and is the most commonly used endoscopic tool 
to assess disease activity in clinical trials. The score ranges 

from 0–44 and examines superficial ulcers, deep ulcers, 
ulcerated stenosis, and non-ulcerated stenosis in addition to 
the percentage of ulcerated and affected colonic surface in all 
five bowel segments (terminal ileum, right colon, transverse 
colon and rectum). Despite the CDEIS score being reliable 
and reproducible, its use is limited due to the fact that it is a 
complex scoring system that is time- consuming and not prac-
tical for routine clinical use [58]. To overcome these short-
comings, a simplified index, the simple endoscopic score for 
CD (SES-CD) was developed and consists of measuring 
ulcer size, ulcerated and affected surfaces and stenosis in 
each of the five intestinal segments to give a total score range 
of 0–56 (Table 24.6). The SES-CD correlates highly with the 
CDEIS and is a faster and more practical tool [63].

As with the UC endoscopic scoring systems, the CDEIS 
and the SES-CD do not have validated thresholds for muco-
sal disease severity, remission or response. In trials utilizing 
the CDEIS, a score < 6 [67] has been used to define partial 
endoscopic healing or endoscopic remission and <3 [67], 4 
[68], ≤4 [69] or 0 [70] to define complete mucosal healing. 
In trials utilizing the SES-CD a score of <3 [69, 71, 72, 73] 
or equal to 0 [24, 70, 74–76] has previously been used to 
define endoscopic remission or minimal endoscopic activity 
although a study by Moskovitz et al. [77] validated the cut-
off values as 0–2 for endoscopic remission, 3–6 for mild 
endoscopic disease, 7–15 for moderate endoscopic disease 
activity and ≥16 for severe endoscopic disease activity. In 
regard to defining endoscopic response to treatment, 
Ferrante et al. [78] demonstrated that a decrease from base-
line of both the CDEIS and the SES-CD score of at least 
50 % was most predictive of corticosteroid free remission 
by week 50.
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Table 24.5 The Crohn’s disease endoscopic index of severity (CDEIS)

Endoscopic variable Score (range 0–44)

Deep ulcerations 0 if absent or 12 if present

Superficial ulcerations 0 if absent or 6 if present

Length of ulcerated mucosa (0–10 cm) 0–10 according to length in cm

Length of diseased mucosa (0–10 cm) 0–10 according to length in cm

Four variables are scored for each of the following locations: rectum; sigmoid and left colon; transverse colon; right colon; and ileum. Total score 
is divided by the number of locations explored (1–5). An additional three points are given if ulcerated stenosis is present and a further three points 
are given if non-ulcerated stenosis is present
[This table was adapted from Mary JY et al. Development and validation of an endoscopic index of severity for Crohn’s disease: a prospective multi-
center study. Groupe d’Etude Therapeutique des Affections Inflammatoires du Tube Digestif (GETAID). Gut 1989;30:983–9; with permission]

Table 24.6 The simple endoscopic score for Crohn’s disease (SES-CD)

Variable Score 0 Score 1 Score 2 Score 3

Size of ulcers (cm) None Apthous ulcers  
(diameter 0.1–0.5 cm)

Large ulcers (diameter 
0.5–2 cm)

Very large ulcers 
(diameter > 2 cm)

Ulcerated surface (%) None <10 10–30 >30

Affected surface (%) Unaffected segment <50 50–75 >75

Presence of narrowing None Single, can be passed Multiple, can be passed Cannot be passed

The SES-CD: sum of the values of the four variables for the five bowel segments. Values are given to each variable and for every examined bowel 
segment (rectum, left colon, transverse colon, right colon and ileum)
[This table was adapted from Daperno M et al. Development and validation of a new, simplified endoscopic activity score for Crohn’s disease: the 
SES-CD. Gastrointest Endosc 2004;60:505–12; with permission from Elsevier]

Table 24.4 Crohn’s disease endoscopic disease activity scoring systems

Score Variables Score range
Definition response/
Remission Strengths Weakness

Crohn’s disease 
endoscopic index of 
severity (CDEIS) 
[12]

Deep ulceration, 
superficial ulceration, 
inflammation

0–44 Complete remission: 0, 
<3, <4 or <6
Response: Decrease from 
baseline of 50–75 % or 
decrease from baseline of 
3–5 points

Validated
Reproducible
Extensive use in clinical 
trials

Complex
Many variables
Requires training and 
experience
No validated 
definition of mucosal 
healing or response

Simple endoscopic 
score for Crohn’s 
disease (SES-CD) 
[63]

Ulcers, inflammation, 
stenosis

0–60 Remission: 0 or <3 points.
Response: Decrease from 
baseline of 50 % or 
decrease from baseline of 
≥5 points

Validated
Score correlates well with 
CDEIS
Reproducible

Complex
Not practical for 
clinical setting
Validated against 
CDEIS in only one 
study
No validated 
definition of mucosal 
healing or response

Rutgeerts score [16] Apthoid lesions, 
ulcers, inflammation, 
nodules and stenosis

i0–i4 Score of i0–i1 low risk of 
clinical recurrence
Score of i2 = intermediate 
risk of clinical recurrence
Score of i3 = high risk of 
clinical recurrence

Gold Standard for 
assessment of postoperative 
recurrence
Extensive use in clinical 
trials
Validated cutoff values for 
clinical recurrence

No formal validation
Only useful for ileal 
or ileal- colonic 
surgery
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Many CD patients undergo surgical resection and endo-
scopic disease recurrence may be as high as 90 % by 1 year 
[16]. To assess and score this recurrence in the neo-terminal 
ileum after ileal or ileocolonic resection in CD the so-called 
“Rutgeert’s score” is commonly used (Fig. 24.2) [16, 79]. 
The score ranges from i0–i4 (where “i” stands for “ileum”) 
and is a quick and easy score to calculate but has not been 
fully validated. A score of i0 or i1 is commonly classified as 
endoscopic postoperative remission due to the finding that 
grade i0 or i1 recurrence is associated with a low risk of clin-
ical recurrence (20 % at 3 years follow-up) compared to 
those who have a score of i3 or i4 (92 % at 3 years follow-up) 
[16]. Those with a Rutgeert’s score of i2 have an intermedi-
ate risk of symptomatic recurrence.

 Central Reading of Endoscopic Scoring

The currently available endoscopic disease activity scoring 
systems are subject to error and bias. To address this, in 
2009, a study of delayed-release mesalamine in moderately 
active UC (as determined using the Mayo scoring system) 
[80] utilized a central endoscopy reader to determine 
 endoscopic severity and response to therapy with many fur-
ther studies now following suit. The advantages of a central 
reader of endoscopy are clearly evident with Feagan et al. 
[61] demonstrating on a post hoc analysis of a placebo con-
trolled trial of delayed release mesalamine for the treatment 
of mild to moderate UC that 31 % of participants who had 

met the inclusion criteria of a Ulcerative Colitis Disease 
Activity Index (UCDAI) sigmoidoscopy score of ≥2 per a 
site-investigator were considered ineligible when the images 
were reviewed by a central-reader of endoscopy. In addition, 
by comparing the results including all patients originally 
entered into the trial by the site investigators and just those 
that met the inclusion criteria per the central reader, the 
authors demonstrated a greater treatment effect in the mesa-
lamine group and reduced placebo rates when analyzing 
patients only included by the central reader. In part because 
of this proof-of-concept analysis, central reading of endos-
copy is playing an increasing role in the trial setting and 
may eventually gain regulatory support in both Europe and 
the US as a measure for endpoint assessment as well as 
assessing baseline disease severity as a means to decrease 
placebo response rates and increase the reliability of trial 
end-points [81].

 Surrogate Markers of Endoscopic Healing

Currently, endoscopic evaluation of the mucosa is the gold 
standard to determine endoscopic disease activity and muco-
sal healing. However endoscopy is an invasive test, is not 
popular with patients and entails a risk to the patient. 
Therefore several surrogate markers are emerging that may 
be useful in assessing for smoldering endoscopic inflamma-
tion in the setting of minimal clinical symptoms, most of 
which have been discussed in more detail in other chapters. 

Fig. 24.2 Rutgeerts’ score for 
postoperative endoscopic 
recurrence [16]. This figure was 
adapted from Current 
Gastroenterology Reports. 
Christensen B et al. Understanding 
Endoscopic Disease Activity in 
IBD: How to Incorporate It into 
Practice. 2016; 8:5; with 
permission
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Baseline assessment of disease activity by
endoscopy paired with surrogate marker

Reassessment of disease
activity directly or with

surrogate marker

Clinical
follow-up

Adjust
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Is patient willing to proceed
with your recommendations?

If no other treatment
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Clinical follow-up that includes
assessment of disease stability

“monitoring”
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optimization
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“Disease Monitoring”
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Target Achieved?
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3-6
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6-12
months

3-6 months

Choice of initial therapy based
on severity and prognosis of

patient

Fig. 24.3 Proposed “Treat to target” algorithm in IBD

Surrogate markers that may have some use in monitoring 
mucosal activity include the laboratory markers C-reactive 
protein and albumin, imaging studies including small bowel 
ultrasound and MRI and the most promising, fecal biomark-
ers including calprotectin and lactoferrin. All these modali-
ties have their strengths and weaknesses to help in the 
assessment of mucosal healing however thus far none of 
these markers have been able to completely replace endo-
scopic assessment of disease activity in regard to predicting 
clinical course and response to therapy with complete cer-
tainty. Therefore, until further evidence is available, these 
tools should only be used in conjunction with endoscopic 
assessment of disease activity.

 Incorporation of Endoscopic Assessment 
of Disease Activity and a “Treat to Target” 
Algorithm into Clinical Practice

To conclude the chapter, we propose an endoscopic assess-
ment and “treat to target” algorithm incorporating endoscopic 
mucosal healing as an outcome acknowledging the fact that 
evidence for this approach in IBD is currently limited 
(Fig. 24.3). There are still many unresolved challenges in 
regard to incorporating mucosal healing into the treatment 
algorithm (Table 24.1); however, recently a group of IBD 

experts published a consensus summary of which targets 
should be used in UC and CD. They concluded that the endo-
scopic therapeutic target when treating patients with UC 
should be a Mayo endoscopic sub-score of 0–1 and in CD it 
should be resolution of all ulceration at ileocolonoscopy [82].

The incorporation of a “treat to target” approach to patient 
care first requires baseline disease assessment by endoscopy 
to assess disease activity and prognosticate the disease 
course. Initial therapy should be based on this prognosis and 
the severity of the findings with the aim to achieve early dis-
ease remission and limit bowel damage. Pairing this baseline 
assessment with a surrogate marker (C-reactive protein or 
fecal markers) may enable future assessments with the same 
marker. To quantify response to therapy, this should be fol-
lowed by an endoscopy or use of surrogates between 3 to 6 
months following treatment initiation depending on the type 
and speed of action of the treatment commenced (earlier if 
the faster acting anti-TNF therapies are utilized and later if 
the slower acting antimetabolite medications are used). If, on 
reassessment, the patient is symptomatic and has endoscopic 
inflammation, then escalation of medical therapies should 
occur. If, however, the patient is found to have mucosal 
activity and is in clinical remission, then the goals of treat-
ment that occur when mucosal healing is achieved including 
prolonged remission and decreased disability and the risks 
of treatment escalation including possible higher rates of 
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malignancy and infection should be discussed. If the patient 
is agreeable, medication intensification should occur and fol-
lowing this up-titration reassessment should occur every 3–6 
months with medical therapies further optimized until the 
mucosal healing target is reached. Once mucosal healing is 
achieved then frequent clinical and objective monitoring 
with surrogate markers of mucosal healing should occur to 
assess for disease drift or early relapse every 6–12 months 
and endoscopic evaluation of the mucosa should be consid-
ered every 1–2 years [83]. Finally it is important to have an 
“exit strategy” if treatment escalation is unsuccessful and to 
maintain clear and open communication with the patient to 
maximize patient safety and satisfaction and increase the 
likelihood that the patient will adhere to the agreed on treat-
ment strategy [70].

 Conclusion

Endoscopic assessment in IBD is used as a diagnostic tool, to 
aid in the initial evaluation of disease severity and to prognos-
ticate the disease course and for ongoing assessment of muco-
sal response and healing once treatment has been initiated. 
Repeat endoscopic assessment of disease activity with a tar-
get to achieve mucosal healing following treatment is increas-
ingly being incorporated into both trial and clinical settings 
due to the fact that patients who achieve mucosal healing 
have longer periods of clinical remission, reduced hospital-
izations and surgery and are less likely to develop colorectal 
neoplasia. With modern therapies, mucosal healing is obtain-
able and as physicians we should increasingly embrace a 
“treat to target” strategy to decrease the risk of future disabil-
ity in our patients. Currently restricting this is a lack of con-
sensus on the definition of mucosal healing in IBD and the 
lack of a single accepted and validated endoscopic scoring 
system for either CD or UC. Studies are currently underway 
to overcome these limitations. It is our hope that treating to 
achieve mucosal healing will help prevent permanent bowel 
damage in our patients and that utilizing this strategy that we 
will change the natural history of this disease.
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1.5  TREATMENT TARGETS IN IBD: HISTOLOGIC HEALING  

 

Over recent years, due to the evidence summarised above, endoscopic mucosal healing has been 

recognized as an important prognostic marker in IBD and increasingly thought of as a potential 

treatment target. However, despite the benefits of achieving endoscopic mucosal healing, 

endoscopic mucosal assessment only surveys the macroscopic surface layer of the bowel. 

Microscopic evidence of inflammation is common, even in patients with clinically and 

endoscopically quiescent disease, and CD is a transmural disease that involves the mesenteric 

lymphatic system. Therefore, more recently, there has been growing interest in the significance 

of histologic healing, as perhaps an even “deeper” marker of disease control compared to 

endoscopic mucosal healing.(2) Up to 63% of patients with IBD in clinical and endoscopic 

remission will have ongoing histologic inflammation and it is increasingly being recognised 

that persistent histologic inflammation is associated independently with a worse prognosis over 

time.(18-20) However, there is still very limited information on the characteristics that identify 

patients who may continue to have smouldering microscopic activity despite clinical and 

endoscopic or mucosal normalisation and only limited information on the benefits of histologic 

remission in patients with Crohn’s disease.  

 

Despite some concerns over the practicality of assessing for and achieving histologic healing, 

the consideration of such a goal of therapy is gaining popularity. While more research is needed 

into clinical outcomes, initial evidence of histologic healing in UC suggest that it is more 

predictive of improved outcomes than historical measures, including mucosal healing, as 

histologic healing has been associated with decreased risk of relapse, hospitalization, need for 

colectomy and risk for colorectal neoplasm compared to mucosal healing alone.(2, 15, 27-30) 

In CD, however, there have been very few studies evaluating the impact of histologic activity 
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and outcomes. Although it has been demonstrated that histologic remission can be achieved 

with azathioprine, methotrexate and infliximab, the correlation of histologic healing with 

endoscopic findings and improved outcomes is still not clear.(31, 32) The value of histologic 

healing in CD will be examined in this thesis. 

 

Currently there is no standardised reporting system to grade histologic activity. When grading 

histology in IBD, it is a common perception that, following a diagnosis of IBD, structural 

abnormalities of the mucosa persist. This idea has become so established that when histology 

has been described in UC, normalisation is not generally defined as an independent outcome 

and histologic healing is described as the absence of inflammation.(2, 7, 29, 33) However, 

perhaps with improvements in treatment modalities, complete histologic normalisation of 

previously affected mucosa had been increasingly noted in patients with UC.  The rates, 

predictors of and prognostic value of this normalisation will also be examined as part of this 

thesis.  

 

1.6  DEFINING HISTOLOGIC HEALING AND HISTOLOGICAL SCORING 

SYSTEMS IN IBD 

 

Histologic healing does not have a validated definition, but is most commonly defined as the 

absence of residual mucosal inflammation with distinctive changes in crypt architecture 

distortion and/or atrophy, or completely normal mucosa.(34) A systematic review by Bryant et 

al demonstrated that there were 22 different histological scoring systems for IBD, none of which 

were fully validated.(35) Since that review two partially validated scores for UC have been 

developed and are the most studied indices: the Nancy Index and the Robarts Histopathologic 

Index.(36-38) These two indices have excellent intra- and inter-observer agreement. The 
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Robarts Index was based on a RAND consensus process for which specific scoring descriptors 

from the Geboes score and modified Riley score were selected based on their reproducibility 

and reliability and their correlation with a visual analogue scale of severity.(37) The final index 

scores lamina propria chronic inflammation, lamina propria neutrophils, neutrophils in the 

epithelium and surface epithelial injury. Although it was specifically designed to be responsive 

and reproducible, it requires assessment of 4 features to arrive at a calculated score, which may 

reduce its clinical usefulness. The Nancy index is a stepwise 5-item index that evaluates lamina 

propria chronic inflammation (defined as lymphocytes, plasma cells and eosinophils), 

neutrophilic inflammation and ulcers.(38) The worst feature present determines the final score. 

These indices correlate with clinical remission and disease activity as well as the Mayo 

endoscopic score and faecal calprotectin concentrations.(39) Even with these partially validated 

indices, there is currently no agreed definitions for histologic healing, response or remission. 

Due to the lack of a standardised approach, the International Organization of Inflammatory 

Bowel Disease (IOIBD) has recommended the following definition for histologic healing: 1) 

absence of neutrophils (both in crypts and lamina propria), 2) absence of basal plasma cells and 

ideally reduction of lamina propria plasma cells to normal and 3) normal numbers of lamina 

propria eosinophils.(40) With the growing evidence of the utility of histology in predicting 

patient outcomes, UC histologic remission is now considered an adjunctive goal of care and its 

use is incorporated into most clinical trials.(41)  

 

The most commonly utilised histological scoring system in CD is the Colonic and Ileal Global 

Histologic Disease Activity Score (GCHAS or IGHAS).(42) It incorporates epithelial damage, 

architectural changes, mononuclear or polymorphonuclear cells in the lamina propria and 

epithelium, presence of erosions/ulcers and granulomata as well as the number of segmental 

biopsy specimens affected. It is not validated so its role remains undefined and whether treating 
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to histologic remission is possible in CD remains unknown. Therefore, no guidelines currently 

incorporate CD histologic outcomes into a treatment target strategy currently.  

1.7  EMERGING ENDPOINTS AND SURROGATE MARKERS OF 

INFLAMMATION 

Current paradigms have endoscopic assessment as the preferred target in designing therapeutic 

strategies.(41) However, endoscopy is an invasive and expensive test, not free from risks, and 

is relatively unfriendly to patients particularly as it should be repeatedly applied in the 

algorithms suggested.(43) There is also the issue that, as outlined above, endoscopy only 

surveys the mucosal surface of colon and terminal ileum despite Crohn’s disease being a 

transmural disease that involves the mesenteric lymphatic system. There is, therefore, clearly 

the need for reliable surrogate markers upon which monitoring and subsequent decisions can 

be based and the need for endoscopic assessment reduced. 

1.7.1 Blood Biomarkers: C-reactive protein 

C-reactive protein (CRP) is produced by hepatocytes and increased levels can often be seen 

following inflammatory stimulation. CRP rises sharply following the onset of inflammation but 

once the inflammatory stimuli disappears, the levels falls rapidly due to its short half-life of 19 

hours.(44) CRP is a well-known marker of disease activity in CD(45) and several studies have 

demonstrated the correlation between CRP with clinical and endoscopic activity.(46-49) A 

prospective longitudinal study that evaluated 101 patients with CD showed that CRP was 

reproducible and reliable, and CRP concentrations decreased as the disease went into clinical 

remission.(50) A higher rate of clinical relapse was observed in patients with a persistently 

elevated CRP(50) and separately CRP ≥ 5 mg/L has been found to be a risk factor for clinical 
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relapse.(51) Finally a review by Schnitzler et al(52) of 614 CD patients treated with infliximab 

and followed for a median time frame of 55 months found that patients had improved outcomes 

if CRP fell and remained less than 3 mg/L. However, despite these promising findings, CRP is 

an insensitive marker of disease activity for mild to moderate endoscopic inflammation in 

CD.(53)  

 

Although CD patients have a stronger CRP response compared to those with UC(44, 54), CRP 

elevations are also significantly associated with severe clinical activity and active disease at 

ileocolonoscopy in patients with UC.(3, 48) Correlation between endoscopy activity and CRP 

was evaluated in a prospective study, in which CRP and leucocyte count were able to 

discriminate mild from moderately active endoscopic disease but neither from inactive to mild 

nor from moderate to highly active endoscopic disease.(55) 

 

Overall CRP does have some value in detecting asymptomatic disease activity(47), but up to 

one-third of patients with intestinal inflammation do not have an elevated CRP 

concentration.(50, 56) In addition, its low sensitivity in detecting mild disease from inactive 

disease limit its use.(53, 55) Therefore, although it can be useful if elevated in the individual 

patient, the assessment of CRP levels should not be solely relied upon to assess for mucosal 

inflammation. 

 

1.7.2 Faecal Biomarkers: Faecal calprotectin or lactoferrin 

A novel way of detecting inflammation in the bowel is measuring faecal calprotectin or 

lactoferrin which are predominantly derived from neutrophils. Calprotectin is the most 

commonly utilized with some studies suggesting slightly greater sensitivity and specify when 

compared to lactoferrin in certain clinical situations.(57) Calprotectin is stable at room 
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temperature for up to 7 days(58) and has been found to correlate well with endoscopic activity 

in UC and CD.(59, 60)  In UC, calprotectin > 250 𝜇g/g gives a sensitivity of 71% and specificity 

of 100% (PPV 100% and NPV 47%) in detecting active mucosal disease (Mayo > 0) and is 

significantly correlated with clinical symptoms (r=0.561, p< 0.001).(60) Other studies have had 

similar conclusions, with one study of 228 patients finding that, of clinical assessment, CRP 

and calprotectin, calprotectin correlated most highly with endoscopic activity. In addition, as 

endoscopic disease activity increased so did the value of the calprotectin.(55, 59) Elevated 

calprotectin levels are also useful in predicting which patients are responding to therapy and 

which patients are at increased risk of clinical disease relapse.(61, 62)  De Vos and colleagues 

studied calprotectin levels in patients receiving treatment with infliximab; Patients with an 80% 

decrease in calprotectin level between the baseline measurement and the measurement at two 

weeks or a calprotectin level of less than 50 𝜇g/g at two weeks after initiating therapy were 

found to have achieved mucosal healing at week ten of therapy with infliximab with a 

sensitivity of 54% and specificity of 67%.(63) In a separate study of patients receiving 

infliximab, they found that those patients who achieved deep remission at 52 weeks (defined as 

both clinical (partial Mayo score < 3) and endoscopic (endoscopic Mayo Score of 0) remission) 

had consistently very low levels of calprotectin throughout the follow-up period. Additionally, 

two consecutive calprotectin levels greater than 300 𝜇g/g one month apart was predictive of 

clinical disease relapse while on treatment with a sensitivity of 62% and specificity of 

100%.(64)  

 

In patients with CD,  calprotectin and lactoferrin also correlate with clinical and endoscopic 

disease activity and predict favourable clinical outcomes of patients following anti-tumour 

necrosis factor (anti-TNF) therapy.(65-67) At a cut-off of 250 𝜇g/g,  calprotectin can be used 

to indicate the presence of large ulcers in CD with a sensitivity of 60% and specificity of 80% 
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(PPV 78% NPV 62%)(60) and can predict endoscopic remission (CDEIS ≤ 3) with 94% 

sensitivity and 62% specificity (PPV 49% and NPV 97%).(60)  In addition,  calprotectin levels 

correlate well with endoscopic improvement as measured by the Rutgeert’s score in the 

postoperative setting in CD. Sorrentino et al(68) found that, in patients with disease recurrence 

on stopping anti-TNF therapy in the postoperative setting, mucosal injury corresponded to 

calprotectin levels. In addition, those patients who responded to re-initiation of anti-TNF 

therapy with endoscopic improvement had improvement of calprotectin.(68) Finally, 

normalisation of calprotectin following induction therapy with anti-TNF therapy can predict 

favourable clinical outcomes in CD after anti-TNF therapy with Molander et al finding that at 

a cut-off of 139 𝜇g/g, calprotectin had a sensitivity of 72% and specificity of 80% to predict 

clinically active disease at 1 year.(69)  

 

More recently, calprotectin has been found to be associated with even deeper levels of remission 

than endoscopic mucosal healing alone. In a study of 59 patients who had achieved clinical and 

endoscopic remission (Mayo 0 or 1), patients with ongoing histologic inflammation had 

significantly higher median levels of calprotectin;  calprotectin > 155 𝜇g/g was able to predict 

ongoing histologic inflammation with a sensitivity of 78%, specificity of 71% and an area-

under-the-receiver-operator curve (AUC) of 0.754.(70) A further study of 72 patients with a 

Mayo endoscopic score of 0 at surveillance colonoscopy concluded that higher calprotectin 

levels were associated with a significantly increased risk of clinical relapse on follow-up;  

calprotectin < 56 𝜇g/g predicted absence of relapse during follow-up with 64% sensitivity and 

100% specificity and was a stronger predictor of relapse than histologic scoring.(71) 

 

Calprotectin is an important addition to the assessment tools available in the management of 

IBD, but it does have limitations.  The test characteristics are good but the test is not completely 
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able to rule in or out the presence or absence of mucosal or transmural healing.(59)  If one were 

to use calprotectin instead of endoscopic and histologic evaluation for monitoring disease 

activity exclusively there would be patients who have achieved mucosal and histologic healing 

that have a negative test for healing and patients who have not achieved mucosal and histologic 

healing who have a positive test for healing. Its utility is also currently impacted as there are 

still no defined optimal cut-off points for ruling out intestinal inflammation or for treatment 

management (ie. Escalation of medical therapy) in the IBD patient.(72) It also does not provide 

information on the location or distribution of inflammation or the presence of disease 

complications including strictures or fistulas. In summary, the test characteristics of calprotectin 

for predicting clinical course are not strong enough to be relied upon alone with complete 

certainty.(61-64)  However it is increasingly being shown to be useful as an adjunct test in a 

treat-to-target strategy(73) and should be incorporated alongside other markers of disease 

activity into routine management of patients with IBD.  

1.7.3 Cross-sectional imaging 

Cross-sectional imaging with computed tomography or magnetic resonance imaging is of 

interest, and has increasing utility to assess for response to therapy and confirmation of 

achievement of mucosal healing in CD patients, but has limited use in UC.(74, 75) At this stage, 

magnetic resonance enterography (MRE) is the most validated cross-sectional tool and is 

recommended to assess and confirm healing of inflammation in those who cannot have their 

disease assessed by endoscopy.(41) MRE is accurate at detecting activity, severity and 

complications of CD.(76) The accuracy of MRE for detecting disease activity and assessing 

severity was validated in a prospective study in 50 CD patients where it was found that a 

magnetic resonance index of activity correlated with global CDEIS (r=0.83, p<0001)(77) and 

had a sensitivity of 87% and specificity of 87% for diagnosing endoscopically active 
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disease.(75, 77) In a systematic review, Panes et al reported that the overall sensitivity of MRE 

for detection of disease activity in CD is 80% (95% CI 77%-83%) and specificity is 89% (95% 

CI 93-96%).(78) In addition, MRE has been shown to be accurate at assessing response to 

therapy and confirming bowel healing in patients with CD. In a study of 48 CD patients who 

had ileocolonoscopy and MRE at baseline and after 12 weeks of treatment, MRE determined 

ulcer healing with 90% accuracy and endoscopic remission with 83% accuracy.(74) MRE was 

as reliable as endoscopy in assessing healing.(74) In UC, although not used as routinely, 

magnetic resonance colonography (MRC) is also accurate at assessing disease activity and 

severity.(75) A segmental simplified MRC index enabled detection of endoscopic inflammation 

with high diagnostic accuracy with a sensitivity of 87% and specificity of 88% (AUC 0.95, 

p<0.001).(75) However, the requirement for rectal contrast and water insufflation makes this 

procedure less practical.(75)  

 

Overall MRE is an attractive alternative to endoscopy as it reduces discomfort and 

complications relative to ileocolonoscopy. However, its use is currently limited due to lack of 

widespread availability, cost, the fact that it can be poorly tolerated by some patients and the 

lack of data on long-term outcomes of patients stratified by disease activity on the basis of MRE 

or MRC assessment.(47, 74) 

 

Intestinal ultrasonography (IUS) is sensitive at detecting mucosal inflammation in both UC 

and CD and can diagnose post-operative recurrence in CD.(79-81) In addition, it can assess 

treatment response and can detect complications of disease including fistulae, strictures and 

abscesses, but is user-dependent and expertise is not available in many parts of the world.(82) 

In a systematic review of 68 publications conducted by Panes et al, the reported overall 

sensitivity and specificity of IUS in assessing CD activity was 85% and 91%, 
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respectively.(78) In addition contrast-enhanced IUS may be able to classify the severity 

identified at endoscopy significantly better than Doppler US.(83) There are less studies 

looking at the utility of IUS in UC. A prospective study of 83 patients with UC demonstrated 

that there was high concordance between IUS score and endoscopic score at 3 months 

following steroid therapy and that IUS was the strongest predictor of outcomes of disease at 

15 months.(79) Another prospective study of 253 patients with UC found that patients had 

improvement of bowel wall thickness on IUS as early as week 2 following treatment 

intensification. Furthermore, clinical responders showed a significant reduction in bowel wall 

thickness in the sigmoid or descending colon at week 12 from baseline when compared to the 

reduction in bowel wall thickness in clinical non-responders.(84) A systematic review 

concluded that, despite limited evidence, IUS has a viable role in the routine assessment and 

management of patients in UC.(85)  IUS use is likely to increase as treating to objective 

targets is further embraced, as it can be used as an accurate alternative to regular endoscopic 

assessment in IBD and it is cheap, safe and can be used as a point-of-care test.  

 

A few small studies have demonstrated the benefit of positron emission tomography scanning 

for detection of subclinical inflammation and in assessment of treatment response in IBD.(86, 

87) However, the cost, lack of accessibility and radiation exposure of such an exam limits its 

use. 
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1.8  MEDICATIONS USED FOR INDUCTION AND MAINTENANCE OF 

HISTOLOGIC HEALING 

 

1.8.1-Aminosalicylates (5-ASA) 

5-aminosalicylates (5-ASA) compounds (oral and topical) are the first-line therapy to induce 

and maintain clinical remission in mild to moderate UC.(88) Although there is a paucity of 

controlled trial data comparing their efficacy to placebo, several studies have demonstrated the 

ability of 5-ASA agents to induce both mucosal and histologic remission. A meta-analysis of 

5-ASA clinical trials found that 37% of patients with UC on oral 5-ASA (graulates and tablets) 

and 50% of those using rectal 5-ASA (suppositories, enemas, and foam) achieve mucosal 

healing with no difference in efficacy between the different formulations in each category.(89) 

Dosage however, may influence treatment response. A pooled analysis of the ASCENT 1 and 

2 trials demonstrated that rates of mucosal healing may be dose-dependent with at least some 

5-ASA formulations, with  mucosal healing achieved in 80% of patients with mild to moderate 

UC on 4.8 g/day of delayed-release oral mesalazine compared to 68% on 2.4 g daily at 6 weeks 

(p=0.012).(90)  A meta-analysis also found a significantly higher mucosal healing rate with any 

oral 5-ASA formulation  3g, but only demonstrated a trend toward a dose-response with rectal 

therapy.(89)  

 

Both oral and topical 5-ASA agents are also able to induce histologic healing. A large study 

comparing once or thrice daily oral dosing of 3 g/d mesalamine granules found that histologic 

healing was achieved in 35% of those on single dosing and 41% of those on thrice daily 

dosing.(91) A study of topical mesalamine vs budesonide reported histologic remission in 

approximately 50% of patients randomised to topical mesalamine(92) and a Cochrane review 

concluded that rectal 5-ASA medications are more likely to induce histologic remission 
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compared to placebo (Odds Ratio (OR), 6.28; 95% confidence interval (95%CI), 2.74-14.40; 

p<0.0001).(93)  

 

In contrast to UC, 5-ASA agents have limited efficacy in CD and there is no clear evidence that 

5-ASA induce mucosal or histologic healing in CD.  

 

1.8.2 Corticosteroids 

Corticosteroids are used as a short-term treatment to induce clinical remission in both CD and 

UC. 

 

There is some evidence that corticosteroids are able to induce mucosal healing in UC. In the 

1955 landmark paper by Truelove and Witt’s, it was concluded that, after 2-6 weeks of therapy, 

mucosal healing was achieved in 30% of UC patients randomised to cortisone 100 mg/day 

compared to only 11% of those randomised to placebo.(94) Supporting these findings, a more 

recent study of 157 newly diagnosed UC patients prescribed systemic corticosteroid therapy 

reported a mucosal healing rate of 38% after three months of therapy.(95) Similar rates of 

mucosal healing have been reported with budesonide therapy with a Cochrane review finding 

that 27% of patients treated with budesonide achieve mucosal healing at week 8 compared to 

18% of patients treated with placebo.(96) The evidence for the ability of corticosteroids to 

achieve histologic remission in UC is varied. A study of 343 patients randomised to either oral 

budesonide or oral mesalamine found that 48% of patients randomised to budesonide achieved 

histologic remission at week eight compared to 59% of those on mesalamine.(97) However, a 

pooled analysis of two phase III placebo-controlled studies only demonstrated a 10% histologic 

healing rate in those placed on budesonide at week eight.(98) For topical therapies delivered 

per rectum, a study of 237 patients with active left-sided UC compared mesalamine enemas 
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with budesonide enemas and found that histologic remission was achieved in 43% of those on 

rectal budesonide compared to 47% of those on mesalamine enemas.(92)  

 

In CD, a non-randomised, prospective study of 142 patients treated with high-dose 

prednisolone (1 mg/kg) for up to 7 weeks demonstrated that of the 131 patients who achieved 

clinical remission, endoscopic remission was achieved in 29% of patients when remission was 

defined as only minor lesions and in 13% of patients when it was defined as complete 

healing.(22) Of note, this only equates to approximately 12% of the overall cohort achieving 

true mucosal healing following prednisolone treatment. Furthermore, most other studies have 

found that corticosteroids are not effective at inducing and/or maintaining mucosal healing 

when compared with placebo.(22, 99) As mucosal healing is assumed to be an earlier target 

than histologic healing, it is likely that corticosteroids also have limited efficacy at inducing 

histologic healing in CD. 

 

1.8.3 Thiopurines and Methotrexate 

Data on the ability of thiopurines (azathioprine and 6-mercaptopurine) and methotrexate to 

achieve mucosal and histologic healing in IBD are scarce. Overall, it appears that azathioprine 

may have a modest effect in inducing mucosal and histologic remission in both UC and CD, 

and methotrexate may have a limited benefit in CD but not UC.(100, 101)  However, it must 

be noted, that there is delayed onset of action.  

 

For UC, the best evidence of azathioprine’s ability to achieve mucosal healing is from the UC 

SUCCESS randomized controlled trial of azathioprine, infliximab or combination therapy, 

which found that mucosal, healing, was achieved in 37% of patients randomized to azathioprine 

alone at week 16.(100) The METEOR trial, comparing 25 mg/week of parenteral methotrexate 
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with placebo in corticosteroid dependent patients, demonstrated no increase in mucosal healing 

rates with methotrexate compared to placebo (35% vs 25% in placebo, p=0.28).(102) 

 

In regard to histologic healing, a study of 32 patients on azathioprine and 10 patients on 

methotrexate found that 75% of those on azathioprine and 60% of those on methotrexate 

achieved histologic remission.(103) However, these rates seem curiously high, given the lack 

of efficacy in regard to rates of mucosal healing determined in other studies and, therefore, 

require confirmation in further prospective studies.  

 

In CD, there are several studies that address the ability of immunomodulators and methotrexate 

and their ability to achieve mucosal healing.  The strongest evidence for mucosal healing comes 

from the well-designed SONIC study where patients were randomised to azathioprine, 

infliximab or combination therapy. Of those that were placed on azathioprine, 36% withdrew 

before week 26. Amongst the remaining patients, only 17% were found to achieve mucosal 

healing.(104) There are no data on the ability of thiopurines to induce histologic remission in 

CD. For methotrexate, again there are only limited data in its ability to achieve mucosal healing. 

A non-randomised study of methotrexate given to 14 patients demonstrated mucosal healing 

in 5 patients and histologic normalisation in 4.(105) In addition, a prospective cohort study of 

51 patients with known mucosal ulceration who were placed on methotrexate, azathioprine or 

infliximab and achieved clinical remission, demonstrated that mucosal healing was achieved 

in 11% of those on methotrexate compared to 50% of those on azathioprine and 60% of those 

on infliximab.(106) There were no histologic outcomes reported.  

1.8.4 Calcineurin Inhibitors 

Cyclosporin is the most frequently utilized calcineurin inhibitor and is an effective salvage 

therapy for acute severe UC refractory to intravenous corticosteroids.(107) Tacrolimus is also 
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an effective therapy for steroid-resistant UC and CD is most often utilized in the outpatient 

setting.(108) Despite their efficacy at inducing clinical remission, adverse side-effects 

including hypertension, diabetes, renal dysfunction, infection and tremor limit their utility as 

maintenance agents.(107, 108) 

There are limited data on the efficacy of cyclosporin and tacrolimus in achieving mucosal or 

histologic remission in UC and a complete paucity of data in CD.  

For UC, evidence suggests that cyclosporin is effective at inducing mucosal healing. A 

randomised controlled trial of 110 patients comparing cyclosporin with infliximab in acute 

severe UC patients refractory to intravenous corticosteroids demonstrated that mucosal healing 

was achieved in 47% of patients randomised to cyclosporin at day 98 compared to 45% in the 

infliximab arm (p=0·85).(107) Similarly, a randomised controlled trial of oral tacrolimus vs 

placebo for active UC found that tacrolimus is effective at rapidly inducing mucosal healing, 

with 44% (14/32) of patients achieving mucosal healing by week 2 compared to 13% (4/30) in 

the placebo group (p=0.012).(108) A study comparing methylprednisolone and cyclosporin did 

demonstrate histologic improvement with both therapies but no study has reported on rates of 

histologic healing in UC with either tacrolimus or cyclosporin.(109) 

Although there is some evidence for the clinical utility of cyclosporin and tacrolimus in CD, 

there are no reports on mucosal healing or histologic healing rates with these therapies.(110)  

1.8.5 Anti-Tumour Necrosis Factor Treatment 

The anti-TNF biologics (infliximab, adalimumab and golimumab) utilised in the treatment of 

IBD are efficacious in achieving both mucosal and histologic healing and their addition to the 

armamentarium of medical therapies has transformed clinical care.  
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In UC, the original ACT1 and ACT2 trials on moderate to severe ulcerative colitis 

demonstrated that 61% of patients receiving infliximab achieved mucosal healing at week 8 

versus 33% of those who were given placebo (p<0.01).(13) For adalimumab, the ULTRA1 

trial, which only included anti-TNF naïve UC patients, failed to demonstrate any benefit in 

regards to achieving mucosal healing at week 8 compared to placebo (47% vs 41%, 

p=NS).(111) However, the ULTRA2 trial, that included both TNF-exposed and naïve patients, 

did demonstrate a marginal benefit for adalimumab with 41% of those on adalimumab 

achieving mucosal healing at week 8 vs 32% of placebo patients (p=0.014).(112) Rates of 

mucosal healing with golimumab were similar to adalimumab in the seminal trials, with the 

PURSUIT study demonstrating that 44% of patients on golimumab achieved mucosal healing 

at week 6 vs 29% of those who were placed on placebo (p <0.002).(113)   

 

There are few data on the rates of histologic healing achievement in UC. In a study by Molander 

et al of 62 patients who achieved both clinical and endoscopic remission after being on 

infliximab or adalimumab for more than 11 months, 93% of the patients also achieved 

histologic remission.(114) 

 

In CD, the ACCENT 1 trial found that 31% of patients who received standard 5 mg/kg dosing 

of infliximab at weeks 0, 2 and 6 achieved mucosal healing at week 10 vs 0% of those who 

received a single dose at baseline (p=0.006).(115) The SONIC trial which compared 

azathioprine, infliximab and combination therapy also demonstrated that infliximab resulted in 

approximately 30% of patients achieving mucosal healing at week 26, which significantly 

increased to 44% in those receiving combination therapies with infliximab and 

azathioprine.(104) For adalimumab, the CHARM study demonstrated that mucosal healing at 
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week 12 was achieved in 27% of those who were given standard dosing of adalimumab versus 

13% of those who received induction dosing at week 0 and 2 and were then randomised to 

placebo (p=006).(116)  

 

Several studies have demonstrated histologic improvement with anti-TNF treatment but few 

have focused on healing.(23, 117, 118) In a study of 183 CD patients treated with infliximab 

or adalimumab, 43% achieved a combination of clinical and mucosal healing and, of these, 

75% also achieved histologic remission.(114) 

 

1.8.6 Anti-integrin Treatment: Vedolizumab  

Vedolizumab is a monoclonal antibody to alpha-4 beta-7 integrin and has been approved for 

both induction and maintenance of remission for UC and CD. Although there are only limited 

data available, vedolizumab appears effective at inducing mucosal and histologic remission in 

both UC and CD. 

 

In UC, mucosal healing was reported in 52% and 56% of patients receiving vedolizumab every 

8 and 4 weeks respectively in the GEMINI 1 study, which was significantly greater than the 

20% seen in those who received placebo.(119) Furthermore, in a post-hoc analysis of 41 

patients from this study, 55% of those who achieved endoscopic healing (defined as a Mayo 

endoscopic sub-score 0-1) also achieved histologic healing (defined as Geboes grade 0-1).(120)  

 

Mucosal healing was not an endpoint in the CD GEMINI 2 trial.(121) Nevertheless, a 

retrospective, multi-centre, real-world study reported an accumulative mucosal healing rate of 

63% in CD patients treated with vedolizumab.(122) However, there were significant 

shortcomings in this study, particularly as the rates did not appear to take into account patient 
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drop-out and hence this figure is likely an overestimate. More recently, in a prospective, open-

label, single-armed study of 101 CD patients commenced on vedolizumab, 12% achieved 

endoscopic remission by 6 months, which increased to 18% at one year.(123) This study also 

reported on histologic outcomes and found that 24% and 38% of patients achieved histologic 

response in the colon and ileum respectively by 6 months.(123)  At one year, this had decreased 

to 21% response rate in the colon but increased to 34% in the ileum. There was no placebo 

group with which these outcomes could be compared. 

 

1.8.7 Ustekinumab 

Ustekinumab is a monoclonal antibody to the p40 subunit of IL-12 and IL-23 and has recently 

been approved for the induction and maintenance of remission in CD. There is some limited 

evidence that it may be effective at inducing both mucosal and histologic remission in CD and 

UC. 

 

The UNIFI studies, evaluating the safety and efficacy of ustekinumab in moderate-to-severe 

UC, were the first major pharmaceutical studies including a combined histo-endoscopic 

mucosal healing endpoint. In these studies, ustekinumab was significantly more likely to 

achieve histo-endoscopic mucosal healing compared to placebo with 39%, and 46% of patients 

treated with ustekinumab every twelve (p=0.002), and eight (p=0.001) weeks respectively, 

achieving histo-endoscopic mucosal healing compared with 24% in the placebo arm.(124) The 

individual rates of mucosal and histologic healing achieved were, unfortunately, not reported. 

For CD, the UNITI studies evaluating ustekinumab safety and efficacy in moderate to severe 

CD did not include an endoscopic endpoint.(125) However, in an endoscopy sub-study of 334 

patients, there was a significant decrease in the SES-CD score in those who received 

ustekinumab compared to placebo but no difference in endoscopic mucosal healing rates.(126) 
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9% and 17% of patients treated with ustekinumab 90mg 8-weekly achieved endoscopic 

mucosal healing by week 8 and week 44 respectively which was not statistically significantly 

better than the 4% at both times points in the placebo treatment arm. It was however found that 

a significantly greater proportion of patients achieved histologic improvement (50% in those 

randomized to 8-weekly ustekinumab vs 0% in the pooled placebo groups, p = 0.0137). The 

number of patients who achieved complete histologic healing in each treatment arm was not 

reported.(127) 

1.9  RECURRENT CD: MEDICAL PROPHYLAXIS 

 

This book chapter reviews the medical options in the post-operative CD patient and reviews 

risk factors for disease recurrence and repeat surgery.  It assesses options for maintaining 

patients in a disease-free state (aiming for mucosal and histologic healing) and reviews the 

medical therapies and their efficacy at preventing mucosal disease recurrence. The chapter 

concludes with an assessment and treatment algorithm to maintain patient’s wellbeing 

discussing the objective targets that should be monitored to improve their long-term outcomes.  
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      Abbreviations 

   CD    Crohn’s disease   
  FC    Fecal calprotectin   
  IMM    Immunomodulator   

          Introduction 

 Following surgical resection in Crohn’s disease 
(CD), post-operative recurrence remains a sig-
nifi cant problem. Endoscopic recurrence rates at 
or proximal to the surgical anastomosis are 
reported to be between 70 and 90 % within 1 year 
[ 1 ,  2 ]. In addition, up to 50 % of patients will 
require a repeat operation for recurrence within 5 
years and up to 70 % will require repeat surgery 
within 20 years [ 3 – 6 ]. Prevention of this post- 
operative recurrence is essential to prevent both 
disease relapse and a second negative outcome 
such as surgery [ 7 ]. However optimal monitoring 
and medical management of patients with CD 
after surgery is still controversial.  

    Relapse Rates and Predictors 
of Relapse 

 Clinical relapse rates at 1 year are estimated to 
be between 10 and 38 % [ 8 ]. However clinical 
relapse is much less frequent than endoscopic 
recurrence with studies suggesting an endo-
scopic recurrence rate as high as 90 % in those 
not receiving medical prophylaxis 1 year after 
surgery [ 1 ,  2 ]. Endoscopic fi ndings that indicate 
recurrence include small aphthous ulcers, deep 
linear ulcers, mucosal infl ammation, fi stulae, 
and strictures [ 9 ]. These varying degrees of 
endoscopic disease activity may be seen within 
3 months of surgery in more than 70 % of 
patients [ 2 ]. The most common site of recur-
rence is the surgical anastomosis, especially the 
proximal side of the anastomosis [ 1 ]. The cause 
of recurrence at this location is believed to be 
due to luminal contents, specifi cally intestinal 
fl ora [ 10 ]. 

 The most consistently recognized risk factors 
for recurrence include smoking cigarettes, per-
forating type disease, perianal fi stula, prior CD 
surgery, and ileocolonic disease compared with 
colonic and small intestinal disease patterns 
[ 11 – 15 ]. Shorter disease duration till fi rst opera-
tion, and younger age at fi rst operation are also 
likely risk factors [ 11 ]. It is unclear if having 
clear margins at the time of surgery, having a 
smaller length of resection or if the types of 
anastomosis are associated with improved out-
comes [ 12 ,  14 – 16 ]. 
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 Bacteria and gut contents play a signifi cant 
role in post-operative recurrence. If a patient is 
diverted proximal to the anastomosis, a sustained 
remission at the anastomosis is achieved without 
medical therapy [ 17 ]. In a study by D’Haens 
et al. of patients with an ileal resection and 
primary anastomosis but with proximal diversion 
of luminal contents by a diverting ileostomy, 
no recurrence was noted by endoscopy [ 17 ]. 
However following reinfusion of ileostomy con-
tents into the diverted distal ileum, there was his-
tologic evidence of infl ammation within 1 week, 
thus demonstrating the critical role of luminal 
contents in reactivation of CD [ 17 ].  

    Assessing Post-Operative 
Recurrence Risk 

 Patients with any of the risk factors mentioned 
have a high likelihood of recurrence and are the 
patient subgroup in which prophylactic medical 
therapy should be strongly considered. The assess-
ment of post-operative risk recurrence should occur 
pre-operatively. All available options should be 

discussed with the patient. In addition open com-
munication between the GI physicians and the 
surgical teams needs to occur with clarifi cation of 
the type, extent and severity of disease, and dis-
cussion regarding plans for immune suppression. 
Due to the high recurrence rates seen it is worth-
while being proactive and to institute preventa-
tive strategies in high-risk patient groups. 
Post-operative ileocecectomy should be seen as 
the ideal opportunity for prevention of symptom-
atic disease and complications from the disease.  

    Assessment of Recurrence 

 Clinical symptoms should not be relied upon to 
assess for post-operative recurrence. Infl ammation 
is often present in asymptomatic patients and 
there is poor correlation between clinical and 
endoscopic fi ndings in the post- operative setting 
[ 18 ,  19 ]. The most commonly used endoscopic 
scoring system to assess disease recurrence 
after ileal or ileocolonic resection in CD is the 
Rutgeerts’ score (Fig.  16.1 ) [ 1 ]. This score looks 
at the presence and severity of recurrence in the 

  Fig. 16.1    Rutgeerts’ score for post-operative endoscopic recurrence       
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neoterminal ileum and at the ileocolonic anasto-
mosis. When utilizing this scoring system it is 
important to acknowledge that ulcers at the anas-
tomosis may not always be related to disease 
recurrence. It is quite common to have suture 
related trauma (Fig.  16.2 ) or marginal ulceration/
ischemia at this location and such ulcers should 
be excluded from the scoring system. Rutgeerts’ 
score is used to determine initiation of medical 
therapy as it has been found to correlate with the 
prognosis of clinical disease recurrence with 
those having a score of i-0 or i-1 having less than 
5 % chance of clinical recurrence within 3 years. 
This is in comparison with i-2, i-3, and i-4, which 
correlate with a clinical recurrence risk of 14 %, 
40 %, and 90 %, respectively [ 1 ,  20 ]. Due to the 
fact that endoscopic recurrence precedes clinical 
recurrence and that most recurrence occurs 
within the fi rst year [ 20 ] it is recommended that 
an ileocolonoscopy be performed within 6–12 
months of surgery.    

    Fecal Calprotectin for Assessing 
Post-Operative Recurrence 

 As endoscopy is an invasive test that potentiates 
a risk to the patient, there has been interest in the 
use of surrogate markers to monitor for disease 
recurrence in the post-operative setting. The 
most promising is that of fecal calprotectin (FC). 

FC levels correlate well with endoscopic recurrence 
as measured by the Rutgeerts’ score [ 21 ,  22 ]. 
Sorrentino et al. measured FC in 25 patients 
every 2 months following surgery and found that 
FC corresponds to endoscopic recurrence [ 22 ]. 
Additionally, patients that received anti-TNF 
therapy to treat this recurrence and had endo-
scopic improvement also had improvement of 
their FC [ 22 ]. Another study by Wright et al. of 
136 patients who had a calprotectin measured 
pre-operatively and at 6 months post-operatively 
found that a cutoff of 100 μg/g    FC could be used 
to monitor for disease recurrence with a sensi-
tivity of 0.89 and a negative predictive value of 
91 %, concluding that the use of fecal calprotec-
tin to monitor patients in the post-operative set-
ting may allow for 41 % of patients to avoid 
colonoscopy [ 23 ]. This has also been demon-
strated by Lobaton et al. who found that the 
medium FC for those with i0–i1 disease was 
98 μg/g versus 234.5 μg/g in those with i2–i4 
disease [ 24 ]. Finally in a study by Yamamoto and 
Kotze, a cutoff value of 170 μg/g for FC had a 
sensitivity of 0.83 and a specifi city of 0.93 to 
predict clinical recurrence [ 25 ]. Although at this 
stage it is premature to rely on FC alone to moni-
tor for disease recurrence, growing evidence 
suggests it will play an increasing role in the 
future, with colonoscopy reserved for patients 
with an elevated FC.  

    Symptoms After Crohn’s Surgery 
Are Not Always Infl ammatory 

 It is important to note that patients may have diar-
rhea or pain following their operation that may 
not be due to CD recurrence (Table  16.1 ). 
Therefore before treating symptomatic disease 
recurrence in the post-operative setting, objective 
markers of disease activity should be sought. 
Ideally this is with endoscopy, although FC may 
be a viable substitute. As clinical symptoms and 
endoscopic activity poorly correlate, treatment 
should be based on endoscopic activity or a sur-
rogate marker, not on clinical symptoms in order 
to prevent both over- and under-treatment of the 
patient.

  Fig. 16.2    Suture related trauma at the post-operative 
anastomosis       
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       Medical Prophylaxis Options 

 A resection often clears all disease in a patient 
with CD and provides an ideal opportunity to 
prevent further symptomatic disease. The risks 
of medical over-treatment need to be acknowl-
edged, however, under-treatment in the post-
operative setting will lead to disease recurrence 
in the majority of patients. In the current era of 
treatment for IBD, our aims include the pre-
vention of progressive disease, disability, and 
future surgical intervention. Therefore prophy-
lactic therapy should be considered in most 
patients. 

    Minimal Benefi t: Probiotics/5-ASA 
Medications/Corticosteroids 

 As antibiotics prevent recurrent disease it has 
been hypothesized that changing the microbiot-
ica may have benefi ts in preventing recurrence. 
However studies have failed to demonstrate any 
benefi t in the post-operative setting with the use 
of probiotics [ 26 ,  27 ]. 5-ASA medications are 
also appealing due to their minimal side effect 
profi le and low cost, however results are incon-
sistent and their effect on clinical and endoscopic 
outcomes is mild at best [ 28 – 30 ]. Corticosteroids 
(both systemic and budesonide) have shown lit-
tle benefi t in preventing post-operative recur-
rence [ 31 ,  32 ].  

    Moderate Benefi t: Antibiotics/
Immunomodulators 

 Due to the evidence that suggests that bacteria 
are in part responsible for recurrence of CD 
following resection there have been a number 
of studies looking at the role of antibiotics to 
prevent recurrence. Nitroimidazole antibiotics 
(metronidazole and ornidazole) are the most 
commonly studied medication. Rutgeerts et al. 
demonstrated that recurrence, defi ned as i2 or 
greater, was decreased at 3 months from 75 % 
in the placebo group to 52 % ( p  = 0.09) in those 
taking metronidazole and severe recurrence 
decreased from 43 to 13 % ( p  = 0.02). Clinical 
recurrence was also decreased at 12 months 
(25 % versus 4 %,  p  = 0.044) [ 33 ]. In addition 
metronidazole seems to have a benefi cial effect 
when added to azathioprine as combination 
therapy at preventing post-operative recurrence 
with rates of endoscopic recurrence at 12 
months of 44 % in the combination therapy 
group compared to 69 % in those on monother-
apy with azathioprine ( p  = 0.048) [ 34 ]. Patients 
were also more likely to have no lesions seen at 
12 months (22 % no lesions in combination 
group versus 3.5 % no lesions seen in the aza-
thioprine monotherapy group,  p  = 0.03). We 
therefore recommend that if patients can toler-
ate it that most be placed on 3 months of met-
ronidazole in the post-operative setting. The 
dose should not be higher than 1 g/day to mini-
mize the risk of neuropathy. 

   Table 16.1    Symptoms, etiology, and treatment of problems post CD surgery   

 Symptoms  Cause  Treatments 
 Post-operative pain  Mucosal pain/healing  Limited analgesia, regional 

anesthesia when possible 
 Diarrhea  Post-resection “diarrhesis” (rapid 

transit due to absence of obstruction 
and muscular hypertrophy) 

 Anti-diarrheals 

 Diarrhea  Bile salts  Bile acid sequestrant 
 Abdominal 
pain ± bloating, nausea, 
vomiting, and constipation 

 Narcotic bowel  NO narcotics! 

 Bloating, diarrhea  Bacterial overgrowth  Antibiotics 

B. Christensen and D.T. Rubin
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 Immunomodulator (IMM) monotherapy also 
seems to have a modest effect on reducing post- 
operative recurrence. A meta-analysis of 433 
patients who were placed on immunomodulators 
versus placebo found that thiopurines were more 
effective than placebo at preventing severe endo-
scopic recurrence at 1 year (i2–4) (mean diff 
15 %, 1.8–29 %,  p  = 0.026, NNT = 7) but were not 
more effective at preventing very severe (i3–4) 
recurrence [ 35 ]. In regard to clinical relapse, 
thiopurines were more effective than placebo in 
preventing clinical relapse at 1 year (mean differ-
ence 8 %, CI 95 %: 1–15 %,  p  = 0.021, NNT = 13) 
and 2 years (mean difference 13 %, CI 95 %: 
2–24 %,  p  = 0.018, NNT = 8) [ 35 ].  

    High Benefi t: Biological Therapy 

 Biological therapies have been found to have the 
greatest impact in decreasing post-operative 
recurrence in CD. An initial study by Regueiro 
et al. demonstrated that anti-TNF therapy could 
decrease endoscopic recurrence from 84.6 % in 
the placebo arm to 9.1 % in those receiving infl ix-
imab at 1 year (endoscopic recurrence i2–4) [ 36 ]. 
In the second year of follow-up, patients were 
offered open access infl iximab and it was found 
that remission was maintained over the 2-year 
period in those who continued on infl iximab. In 
addition, anti-TNF naïve patients who developed 
endoscopic CD recurrence 1 year after their 
respective surgery had endoscopic improvement 
but not cure with infl iximab and those who 
stopped their infl iximab at 1 year in the setting of 
no recurrence developed endoscopic recurrence 
at 2 years [ 36 ,  37 ]. This demonstrates the need 
for early and prolonged treatment in such high- 
risk patients. 

 Adalimumab also appears to be effective in 
the post-operative setting. A study of 51 patients 
by Savarino et al. demonstrated that recurrence of 
CD was only 6.3 % at 2 years in patients treated 
with adalimumab post-operatively compared to 
64.7 % in patients treated with azathioprine alone 
and 83.3 % in patients treated with mesalamine 
alone [ 7 ]. Preliminary data from the POCER 
study has also shown benefi t with adalimumab 

therapy demonstrating that at 6 months 94 % of 
high-risk patients treated with post-operative 
adalimumab remain in endoscopic remission 
(i0–i1) versus 62 % treated with a thiopurine 
( p  = 0.02) [ 38 ]. 

 There is currently no data in the post-operative 
setting for cetolizumab pegol, natalizumab, or 
vedolizumab.   

    A Proposed Monitoring 
and Treatment Algorithm for Post- 
Operative CD 

 Treatment in the post-operative should be indi-
vidualized for each patient. The benefi ts of early 
assessment and titration of medical therapy 
based on disease recurrence are evident in the 
preliminary results from the POCER study [ 39 ]. 
This study found that at risk patients treated 
immediately after surgery followed by colonos-
copy performed at 6 months and treatment step-
up if recurrence occurred had signifi cantly better 
outcomes compared to patients treated immedi-
ately after surgery with optimal drug therapy but 
followed without early colonoscopy    assessment 
(Fig.  16.3 ).  

 Low risk patients are those that have long-
standing CD (>10 years) who are undergoing 
their fi rst surgical resection for a short (<10 cm), 
fi brostenotic lesion. These patients progress 
slowly, so no chronic therapy is required initially. 
In high-risk patients including those who smoke, 
have penetrating disease or perianal disease, or 
have a history of previous resection, initiating or 
continuing anti-TNF therapy with IMM immedi-
ately in the post-operative setting should be con-
sidered. Moderate risk patients are those who do 
not fi t into the aforementioned categories and in 
these patients we treat with an IMM monother-
apy in the post-operative period. 

 In regard to monitoring patients in the post- 
operative setting, there is currently no standard-
ized approach. As calprotectin levels remain high 
for the fi rst 2 months and then lower in those 
patients who do not have CD recurrence it is our 
practice to measure FC in patients at 3 months post 
surgery. As FC < 100 mg/kg has a high specifi city 
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for lack of mucosal lesions, in patients who have 
an FC < 100 mg/kg we continue to monitor and 
either repeat an FC or perform a colonoscopy at 6 
months. If the FC is still below 100 mg/kg or the 
colonoscopy shows i0–i1 disease at 6 months, 
we continue the patients’ current medical 
regimen. 

 Evidence suggests that patients with a calpro-
tectin higher than 100 mg/kg should have 
a  colonoscopy at 6 months [ 23 ]. However we 
risk-stratify these patients depending on the 
level of their calprotectin. In the study by 
Sorrentino et al. [ 22 ], patients who had no 
post-operative recurrence had FC levels 
below 200 mg/kg. Therefore if patients have 
an FC level higher than 200 mg/kg, we optimize 
or escalate their medical therapy at 3 months 
with a view to then perform a colonoscopy at 6 
months. In patients who have an FC of between 
100 and 200 mg/kg we con-tinue their current 
medical therapy and perform a colonoscopy at 6 
months. 

 At colonoscopy, in patients with i0–i1 dis-
ease, current medical therapy may be continued 
and in patients with i2 or greater recurrence, then 
initiation, optimization, or escalation of therapy 
should occur. This can be in the form of com-
mencing IMM or anti-TNF therapy and optimiz-
ing dosage of current IMM or anti-TNF therapy. 
To confi rm that IMMs are not under-dosed, the 
metabolic profi le should be assessed with dose 
increase if required or if shunting is present con-
sidering the use of allopurinol. In regard to ther-
apeutic monitoring of anti-TNF therapies, 
depending on the anti-TNF level and the pres-
ence or not of antibodies, options include 
increasing the dose, decreasing the dosing inter-
val, switching therapy to another drug within the 
same class or switching therapy to a drug outside 
the class, or adding a drug to the ongoing treat-
ment regimen. The choice of which strategy to 
employ is based on careful assessment of the 

  Fig. 16.3    An updated algorithm for predicting and preventing recurrence of post-operative CD       
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patient by history, examination, and increasingly 
therapeutic drug monitoring. 

 Once a patient has had their medical therapy 
optimized and their post-operative recurrence is 
stable we review them on a 6–12 monthly basis 
utilizing a 12 monthly objective marker of recur-
rence being either that of FC or colonoscopy. If 
objective evidence of recurrence occurs, then we 
recommend further optimizing therapy using the 
techniques discussed.  

    Conclusion 

 Surgical resection is an appropriate treatment 
option in many patients with CD and should be 
embraced. However, post-operative recurrence of 
CD is very common. The post-operative setting 
should be viewed as an ideal opportunity to pre-
vent recurrence of symptomatic disease. It is 
therefore imperative to understand the patient’s 
risk of recurrence, weigh the risks and benefi ts of 
long-term treatment based on this risk and be 
proactive in preventing recurrence. Antibiotics, 
immunomodulators, and anti-TNF therapies have 
all been shown to have effi cacy in the post- 
operative setting. However, there is also increas-
ing evidence for an approach that includes 
assessment with a 3-month FC and a 6-month 
colonoscopy to further risk-stratify patients. 
Although the optimal approach to monitoring 
and therapy is still unknown, an individualized 
approach based on a patients’ risk profi le is most 
appropriate. We propose an updated algorithm 
approach to risk stratifi cation and prevention.     
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1.10  IBD-PRIMARY SCLEROSING CHOLANGITIS (PSC): A DIFFICULT-TO-TREAT 

IBD PHENOTYPE  

 

1.10.1 IBD-PSC Phenotype 

Primary sclerosing cholangitis (PSC) is a chronic, inflammatory condition of the biliary 

epithelium that results in multifocal scarring of the bile ducts.(128) This scarring can lead to 

stricturing and blockage of bile ducts and  result in hepatic cirrhosis, liver failure and/or 

sepsis.(128) In addition, patients with PSC are at significantly increased risk of developing 

cholangiocarcinoma.(129) PSC is closely associated with IBD; approximately 70-80% of 

patients who are diagnosed with PSC also have a diagnosis of IBD and up to 8.1% of IBD 

patients will have PSC.(130, 131)  

 

Adults with comorbid PSC and IBD often present with clinically quiescent disease involving 

predominantly the right side of the colon. The phenotype is distinct with frequent reports of 

rectal sparing, backwash ileitis and minimal endoscopic disease despite more active histologic 

inflammation.(132) Unfortunately, rates of colorectal cancer are high in comparison to those 

without PSC, potentially driven in part by the frequent presence of histological inflammation 

affecting the entirety of the colon.(130) The overall survival in patients with IBD-PSC is worse 

than in those without PSC, driven mostly by increased rates of colorectal cancer, hepatic failure, 

and cholangiocarcinoma.(130) 

 

 Even in children there is now evidence that, despite an overall decreased need for biologics, 

sub-clinical endoscopic activity is more common in those with PSC than those without PSC 

and patients are more likely to experience growth impairment.(133)  
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1.10.2 IBD-PSC Therapies 

Since chronic inflammation is the driver for liver and bowel injury and carcinogenesis, therapy 

to minimise such inflammation would be central to prevention of such complications. While 

treatment of the bowel component of IBD-PSC follows the same algorithms as IBD without 

PSC, healing has been generally difficult to achieve. Thus, vigilant objective surveillance by 

colonoscopy is needed. For the biliary disease, there is no cure or specific treatment for PSC 

apart from liver transplantation.(134). The need for effective therapy is reflected in the poor 

prognosis of the PSC component in IBD-PSC with a three-fold increase in the mortality rate in 

patients with a diagnosis of PSC compared with that of the general population.(130)  

 

Although the pathogenesis of PSC is not completely understood, serum levels of TNF- α are 

elevated in patients with PSC.(135, 136) In addition, mucosal addressin cell adhesion molecule-

1 (MadCAM-1) is induced in inflamed endothelium of the portal vein and its activity correlates 

with histologic inflammatory activity of the liver in PSC.(135, 136)  MAdCAM-1 interacts with 

the alpha-4 beta-7 integrin on lymphocytes and promotes extravasation of lymphocytes into 

affected tissues, which, in the case of IBD-PSC, is thought to result in periductal inflammation, 

cholangiocyte damage and progressive fibrosis.(137)  

 

However, despite PSC resulting from inflammation of the bile duct epithelium and reports of 

increased levels of serum TNF-α in patients with PSC,(138) to date glucocorticoids, tacrolimus, 

cyclosporin, azathioprine, methotrexate, anti-tumour necrosis factor alpha agents and 

ursodeoxycholic acid (UCDA) have not demonstrated any benefit in treating or improving the 

prognosis of PSC.(137)  
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As previously discussed, vedolizumab is a monoclonal antibody to alpha-4 beta-7 integrin and 

therefore, theoretically may reduce the inflammation in the liver and colon in patients with IBD-

PSC by blocking migration of lymphocytes into both. It, therefore, offers a potential treatment 

to halt the progression of IBD-PSC. In this PhD, the role of vedolizumab in controlling 

inflammation in both the liver and colon in patients with IBD-PSC is explored.  

 

1.11 OVERALL RESEARCH DESIGN 

 

This thesis aims to answer several questions regarding the prognostic value of histology in UC 

and CD, and the impact of a relatively new biologic medicine, vedolizumab, on treatment 

outcomes in IBD.  

 

1.11.1 Overall Thesis Hypotheses 

1. That complete histologic normalisation in UC occurs and is associated with improved 

clinical outcomes compared to patients who only achieve histologic quiescence 

2. That regression of histologic disease extent in UC occurs and is associated with improved 

clinical outcomes 

3. That histologic healing occurs in CD and is associated with improved clinical outcomes 

compared to endoscopic healing alone 

4. That vedolizumab is an effective biologic agent that induces clinical, endoscopic and 

histologic healing in both UC and CD  

5. That calcineurin inhibitors can be used in combination with vedolizumab as an effective 

therapy for patients with moderate-severe CD or UC 

6. That vedolizumab is effective at treating primary sclerosing cholangitis and mucosal 

inflammation in patients with IBD-PSC 
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1.11.2 Thesis Aims 

This thesis has two overall aims, each with several specific aims. 

 

OVERALL AIM 1. To determine the clinical prognostic value of histologic assessment of 

healing in patients with IBD. 

Specific aims:  

1. To determine if histologic normalisation occurs in UC patients and, if so, what predicts 

this occurrence 

2. To determine if histologic normalisation is associated with improved long-term 

outcomes in UC patients  

3. To identify if histologic regression of disease extent occurs in UC and, if so, whether it 

is associated with clinical outcomes in UC patients   

4. To determine if histologic healing occurs in CD patients and, if so, to define predictors 

of this healing and its association with long-term outcomes 

 

OVERALL AIM 2: To define, in a real-world setting, the effectiveness of the new, gut-

selective anti-integrin approach with vedolizumab perform in reaching the targets of therapy 

for IBD and PSC. 

Specific aims: 

1. To determine clinical, endoscopic and histologic outcomes in a real-world setting in 

patients with IBD treated with vedolizumab 

2. To determine if combination therapy with a calcineurin-inhibitor followed by 

maintenance vedolizumab is an effective and safe treatment strategy in IBD 
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3. To determine if vedolizumab improves liver biochemistry and mucosal inflammation in 

patients with IBD-PSC 

 

 

1.11.3 Details of the Studies in this Thesis 

Chapter 2.2 Histologic normalization occurs in ulcerative colitis and is associated with 

improved clinical outcomes 

A retrospective case-control study assessing the frequency and predictors of complete 

histologic normalisation in patients with UC and its impact on long-term clinical outcomes.  

 

Chapter 2.3 Segmental histologic normalisation occurs in ulcerative colitis but does not 

improve clinical outcomes 

A retrospective study assessing the pattern and frequency of disease regression in UC and its 

impact on long-term clinical outcomes.  

 

Chapter 2.4 Histologic healing is more strongly associated with clinical outcomes in ileal 

Crohn’s disease than endoscopic healing  

A retrospective study assessing the frequency of histologic healing in CD and its impact on 

long-term clinical outcomes.  
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Chapter 3.2: Vedolizumab as induction and maintenance for inflammatory bowel disease: 

12-month effectiveness and safety 

A prospective study following patients commenced on vedolizumab in a large-tertiary centre 

looking at the efficacy of vedolizumab in inducing and maintaining clinical, endoscopic and 

histologic improvement and remission up to 12 months of therapy.  

 

Chapter 3.3: Safety and efficacy of combination treatment with calcineurin 

inhibitors and vedolizumab in patients with refractory inflammatory bowel disease 

A retrospective study of a prospective database following patients treated with combination 

calcineurin inhibitors and vedolizumab. The efficacy of this treatment regime on long term 

steroid and calcineurin free clinical remission and endoscopic improvement or remission was 

assessed. 

 

Chapter 3.4: Vedolizumab in patients with concurrent primary sclerosing cholangitis and 

inflammatory bowel disease does not improve liver biochemistry bus is safe and effective for 

the bowel disease 

A retrospective study of a prospective database on the impact of vedolizumab on liver 

biochemistry and clinical outcomes on patients with PSC-IBD. 
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Part 2: Histologic healing in IBD: A New  
Target to Improve Outcomes in IBD 

 

2.1  INTRODUCTION 

 

Part 2 of this thesis explores histology as a treatment endpoint in IBD. As discussed in Part 1, 

endoscopic healing has become the standard treatment goal in IBD as patients who achieve 

mucosal healing ultimately have improved clinical outcomes in both UC and CD. Histology 

has emerged as a more stringent target in IBD however, up to this point, research on this 

endpoint as a prognostic factor has been limited. Although histologic quiescence has previously 

been demonstrated to improve outcomes in UC, normalisation of histology has not been 

described or studied extensively. In addition, disease extension is known as a poor prognostic 

marker in UC, however there is limited evidence on the impact of disease regression. Finally, 

the role of histology as a treatment endpoint in CD has not been studied. This part of the thesis 

includes three papers that explore the role of histology as a treatment endpoint in IBD. The first 

two papers look at both partial (disease regression) and complete normalisation of histology as 

an endpoint in UC and its role as a prognostic biomarker. Finally, the novel role of histology 

in CD is explored. 
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2.2  HISTOLOGIC NORMALIZATION OCCURS IN ULCERATIVE COLITIS AND IS 

ASSOCIATED WITH IMPROVED CLINICAL OUTCOMES 

 

It has previously been shown that mucosal healing improves outcomes in inflammatory bowel 

disease and increasingly that histologic quiescence in UC improves outcomes. However, 

normalization of histology has not been reported, nor whether it improves outcomes. This study 

was a retrospective study that determined that 1) histologic normalisation is possible in UC and 

occurs in approximately 10% of patients and 2) histologic normalization is associated with 

improved clinical outcomes when compared to histologic quiescence and endoscopic mucosal 

healing.  

 

  



Histologic Normalization Occurs in Ulcerative Colitis
and Is Associated With Improved Clinical Outcomes
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BACKGROUND & AIMS: Mucosal healing, determined by histologic analysis, is a potential therapeutic target for patients
with ulcerative colitis (UC). However, the histologic features of tissue normalization, as an
outcome of treatment, have not been well described. We examined the prevalence and
predictive values of normalization of the colonic mucosa, based on histologic analysis
(histologic normalization) in patients with UC, and determined its association with risk of
clinical relapse, compared with histologic disease quiescence and endoscopic mucosal healing.

METHODS: We performed a retrospective study of 646 patients with confirmed UC who underwent
colonoscopy at a tertiary medical center from August 2005 through October 2013. We reviewed
reports from pathology analyses of random mucosal biopsies from each colon segment, and
categorized them into 3 groups based on histology findings: (1) normalization (completely
normal mucosa with no features of chronicity present), (2) quiescence (crypt atrophy or
branching without signs of active inflammation including erosions, abscesses, or focal
neutrophil infiltration), or (3) active disease (epithelial infiltration by neutrophils, crypt
abscesses, erosions, or ulceration). Histology findings were compared with clinical and
endoscopic findings. We assessed variables associated with histology findings and, in patients
in clinical remission (Simple Clinical Colitis Activity Index score £2 and subscore of £1 for stool
frequency or rectal bleeding), predictive values for clinical relapse at follow-up evaluations
6 months later or more were calculated.

RESULTS: Of the 646 patients included in the study, 60% had endoscopic mucosal healing, 40% had
histologic quiescence, and 10% had histologic normalization. The level of agreement between
mucosal and histologic activity was moderate (agreement for 68% of samples; k [ 0.50;
P < .001). On multivariate analysis, only proctitis associated with histologic normalization
(P [ .002). Of 310 patients in clinical remission at initial review, 25% had a clinical relapse,
after a median time of 16 months (interquartile range, 10–23 months). Histologic normalization
was independently associated with increased odds of relapse-free survival compared with
histologic quiescence (hazard ratio, 4.31; 95% confidence interval, 1.48–12.46; P [ .007) and
histologic activity (hazard ratio, 6.69; 95% confidence interval, 2.16–20.62; P [ .001); mucosal
healing was not associated with increased odds of relapse-free survival compared with no
mucosal healing (hazard ratio, 1.02; 95% confidence interval, 0.56–1.85; P [ .954).

CONCLUSIONS: Histologic normalization of colonic mucosa can be used as a clinical endpoint for patients
with UC. We associated histologic normalization with increased odds of relapse-free survival
compared with endoscopic healing or histologic quiescence. Further studies are needed
to determine whether histologic normalization should be a goal of treatment for patients
with UC.

Keywords: Histopathology; Mucosal Healing; Inflammatory Bowel Disease; Normalization.

Abbreviations used in this paper: CHN, complete histologic normalization;
IBD, inflammatory bowel disease; MH, mucosal healing; UC, ulcerative
colitis.
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Ulcerative colitis (UC) is a chronic inflammatory
disease characterized by periods of disease activity

alternating with periods of quiescence. The primary
treatment goal in UC has been to limit these periods of
activity and maintain clinical remission, traditionally
defined as cessation of rectal bleeding and normalization
of stool frequency.1 In recent years endoscopic mucosal
healing (MH) in UC has been associated with improved
clinical outcomes compared with achieving clinical
remission alone.2–5 In fact, MH has been associated
with prolonged remission, fewer hospitalizations and
colectomies, and an improved quality of life.2–8

Despite such improved outcomes associated with MH,
up to 40% of patients with MH have persistent histologic
inflammatory activity.3,9–12 Therefore, there is interest in
the significance of histologic remission, as a “deeper”
marker of disease control compared with MH. Although
more research is needed into the practicality and validity
of histologic assessment, it is known that reduced his-
tologic activity is associated with decreased risks of
relapse, hospitalization, corticosteroid use, colectomy,
and colorectal neoplasia.3,9–18

It has been a common understanding that, following a
diagnosis of UC, histologic abnormalities of the mucosa
persist. This idea has been so established that when
histologic grading has been described in UC, normaliza-
tion has not generally been defined as an outcome that is
distinct from quiescence; and histologic healing is
generally described simply as absence of active inflam-
mation.3,9,14,19 Furthermore, in 2 recently described
histologic indices, the focus has been on short-term
treatment responsiveness and architectural abnormal-
ities have been excluded in their assessment.20,21

Although there are infrequent descriptions of histo-
logic normalization in the literature,22 it remains
incompletely defined in the context of clinical outcomes.
In addition, patient, disease, and treatment characteris-
tics associated with histologic normalization have not
been studied, and it had not been determined if complete
histologic normalization (CHN) is associated with
improved clinical outcomes compared to histologic
remission or endoscopic MH alone.

The aims of this study were to examine the prevalence
and predictors of histologic normalization in patients with
confirmed UC, and to determine if normalization is
associated with improved clinical outcomes compared
with ongoing histologic activity, histologic quiescence,
and endoscopic MH.

Methods

A retrospective case-control study was performed
and approved by the institutional review board
(13-1063). All patients who underwent colonoscopy at
University of Chicago between August 2005 and October
2013 for UC were identified by 1 or more of the
International Classification of Diseases, Ninth revision,

Clinical Modification codes for UC (556.0, 556.2, 556.3,
556.5, 556.6, 556.8, 556.9). Patients were eligible for
inclusion if they had an established diagnosis of UC at the
time of this “follow-up” colonoscopy and documentation
of previous complete colonoscopy and segmental
biopsies obtained in at least the rectum, left colon, and
right colon that showed chronic changes (with or
without acute changes) consistent with a histologic
diagnosis of UC more than 1 year prior. Patients who had
inadequate documentation, had undergone a colectomy,
or had confirmed Clostridium difficile infection at time of
follow-up colonoscopy were excluded.

Medical Records Abstraction

Endoscopy reports were retrieved through the elec-
tronic documentation system for endoscopic reports
(Provation, Minneapolis, MN). Demographic, clinical,
histologic, and biochemical data were collected from our
electronic medical record system (EPIC, Verona, WI),
including age of diagnosis, disease duration, smoking
history, and previous and current use of anti-
inflammatory agents and/or immunosuppressant ther-
apy (steroids, immunomodulators, anti–tumor necrosis
factor agents) at time of follow-up colonoscopy.

Endoscopic and Histologic Assessment

The bowel was divided into 3 segments as per the
Montreal classification for UC23: (1) proctitis (E1, rectum
only), (2) left-sided (E2, rectum to splenic flexure), or (3)
extensive colitis (E3, disease proximal to splenic flexure).
Disease extent was determined using a modified Mon-
treal classification in that, rather than endoscopic
appearance, histology was used on most proximal biopsy
showing evidence of disease, whether acute or chronic
inflammation, or chronic architectural changes (ie, crypt
branching/shortening, decreased crypt densities, and
irregular mucosal surfaces). Maximal disease extent was
determined at any colonoscopy performed over the
patient’s history. The endoscopic and histologic severity
and number of biopsies taken from each segment at
follow-up endoscopy were recorded.

Endoscopic Mucosal Assessment

An academic inflammatory bowel disease (IBD)
expert gastroenterologist with minimum 5 years’ expe-
rience performed all endoscopies, during which endo-
scopic photographs were obtained from each segment of
bowel, with targeted photographs of areas of mucosal
activity. An independent reviewer classified patients
into 3 distinct groups of endoscopic grade of inflam-
mation using the endoscopic subscore of the Modified
Mayo Disease Activity Index.24 A score of 0 (no friability,
granularity, and intact vascular pattern) was classified
as normal, 1 (mild erythema or decreased vascular
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pattern) as quiescent mucosa, and a score of �2 (any of
moderate or marked erythema, absent vascular pattern,
friability, erosions, ulceration, or contact/spontaneous
bleeding) as mucosal activity. Endoscopic MH was
defined by either completely normal or quiescent mu-
cosa (Modified Mayo Disease Activity Index endoscopic
subscore �1).

Histologic Assessment

As is routine in this unit, random mucosal biopsies
were obtained from each colon segment, targeting the
area of most significant mucosal disease activity. Two
pathologists who specialize in gastrointestinal histology
routinely assess all biopsies and report histology using a
standardized scale that includes histologically normal,
quiescent, mild, moderate, or severe disease. We
reviewed these pathologic reports and categorized
histology specimens into 3 distinct groups using the
modified Riley score as described by Bryant et al16, but
with the subcategorization of histologic remission into
histologic normalization and histologic quiescence based
on the absence or presence of architectural changes,
respectively. Based on the maximum inflammation score
at each segment, patients were categorized as (1) histo-
logic normalization: completely normal mucosa with no
features of chronicity present; (2) histologic quiescence:
features of chronicity including crypt atrophy or
branching but no active inflammation, such as erosions,
crypt abscesses, or focal neutrophil infiltration; and (3)
histologic activity: presence of any epithelial infiltration
by neutrophils, crypt abscesses, erosions or ulceration.

As previously reported, the interobserver agreement
for interpretation of UC histology between our patholo-
gists using a 6-point scale that classifies varying sever-
ities of inflammatory activity (including normal) was
very good (kappa ¼ 0.6).13 In this study, an additional
150 samples were regraded by 1 of the expert patholo-
gists (J.H.) who was blinded to the prior official reads of
these specimens; 50 were histologically normal, 50
quiescent, and 50 had active histology. All 150 samples
were interpreted correctly (kappa ¼ 1.0).

The primary outcome of CHN was defined by
normalization of mucosa without histologic features of
chronicity in all bowel segments on follow-up colonos-
copy in a patient with previous structural changes on
biopsy consistent with UC.

Assessment of Clinical Relapse-Free Survival

Patients in clinical remission at follow-up colonoscopy
with �6 months of follow-up at the University of Chicago
from this colonoscopy until September 2014 were
included in a separate analysis of clinical relapse-free
survival. At each patient clinic visit, the Simple Clinical
Colitis Activity Index was calculated.25 Clinical remission
was defined as Simple Clinical Colitis Activity Index �2

and subscore of �1 for stool frequency or rectal bleeding
as determined from physician records. Clinical relapse-
free survival was defined as time from colonoscopy to
period of clinical relapse, with clinical relapse defined at
clinical follow-up as Simple Clinical Colitis Activity Index
>2, subscore>1 for stool frequency or rectal bleeding, or
medication escalation for symptoms, hospitalization for
UC relapse, or colectomy for refractory UC.

Statistical Analysis

Continuous variables were summarized using
medians and interquartile ranges. Categorical variables
were expressed as percentage and number of cohort.
Cohen kappa coefficient (k) was calculated to measure
agreement between mucosal and histologic activity.

Univariate analysis of baseline characteristics was
performed to identify predictive factors for CHN. The
Mann-Whitney U test and analysis of variance were used
to compare continuous variables, and Pearson chi-square
test was used to compare categorical variables. Multi-
variate analysis to identify independent factors associ-
ated with histologic outcomes was performed using
logistic regression.

Kaplan-Meier analysis was performed to compare
clinical relapse-free survival in those with and without
CHN and MH and log-rank statistics were performed to
compare subgroups of interest. Cox proportional hazards
regression analysis was performed to identify indepen-
dent predictors of clinical regression.

All variables with P < .20 on univariate analysis were
retained and integrated into the multivariate models. A
2-sided P � .05 was considered statistically significant.
All data analyses were performed using Stata 12.0
(StataCorp, College Station, TX).

Results

Patients

A total of 646 patients fulfilled the entry criteria and
were included in the analysis. Baseline characteristics at
time of follow-up colonoscopy are shown in Table 1. Using
endoscopic criteria, 40% (n ¼ 261) had endoscopic
mucosal activity, 35% (n ¼ 228) mucosal quiescence, and
24% (n ¼ 157) mucosal normalization on follow-up colo-
noscopy. Using histologic criteria, 50% (n ¼ 321) had
ongoing activity, 40% (n¼ 260) histologic quiescence, and
10% (n ¼ 65) had CHN.

The level of agreement between mucosal and histo-
logic activity was moderate (68%; k ¼ 0.50; P < .001). A
total of 12% (19 of 157) of patients with mucosal
normalization had histologic activity and 27% (61 of
228) of patients with mucosal quiescence had histologic
activity. No patient (0 of 65) with histologic normaliza-
tion had mucosal activity but 8% (20 of 260) of patients
with histologic quiescence had mucosal activity.
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Complete Histologic Normalization

A total of 10% (n ¼ 65) of patients had complete
normalization of their histology in all segments that had
previously shown changes (ie, CHN). The mean number
of biopsies taken at each endoscopy was 20 (standard
deviation, 9.5) and the number of biopsies taken was not
significantly different in patients achieving CHN and in
those who did not (Supplementary Table 1).

CHN was identified in 9% (n ¼ 35) of patients with
extensive colitis, 8% (n ¼ 15) with left-sided disease, and
23% (n ¼ 15) with proctitis alone. By univariate analysis,
CHN was associated with less extensive disease at base-
line (P ¼ .001), disease duration >10 years (P ¼ .029),
and negatively associated with previous steroid
(P ¼ .041) and anti–tumor necrosis factor therapy
(P ¼ .031) (Table 2). On multivariate analysis, a diagnosis
of proctitis compared with left-sided (E2) (adjusted odds
ratio, 3.63; 95% confidence interval, 1.56–8.46; P ¼ .003)
and extensive (E3) colitis (adjusted odds ratio, 2.81; 95%
confidence interval, 1.32–5.96; P ¼ .007) remained
significantly and independently associated with CHN.
There was a trend for patients with disease duration of
more than 10 years to achieve CHN (adjusted odds ratio,
1.81; 95% confidence interval, 0.98–3.35; P ¼ .058).

Clinical Relapse-Free Survival

A total of 310 patients who were in clinical remission at
follow-up colonoscopy were assessed for clinical relapse-
free survival. Baseline characteristics are shown in
Table 3. Using endoscopic criteria, 25% (n ¼ 80) had
ongoing endoscopic mucosal activity, 41% (n ¼ 127)
quiescence, and 33% (n ¼ 103) mucosal normalization.
Using histologic criteria, 35% (n ¼ 108) had histologic ac-
tivity, 51% (n ¼ 157) quiescence, and 15% (n ¼ 45) CHN.

Median follow-up was 22 (interquartile range, 14–34)
months and 25% (n ¼ 77) patients experienced clinical
relapse at median time 16 (interquartile range, 10–23)
months. Patients with CHN had lower rates of clinical
relapse compared with those with histologic quiescence
and activity (Figure 1A) and patients with endoscopic
MH had lower rates of clinical relapse rates compared
with those with mucosal activity (Figure 1B). In patients
who had MH and were in clinical remission, histologic
normalization remained protective against clinical
relapse (Figure 1C).

By univariate analysis, the only factors associated
with improved clinical relapse-free survival were the
achievement of endoscopic MH compared with no MH,
and CHN compared with both histologic quiescence and
histologic activity (Table 4). By multivariate analysis,
only CHN compared with histologic quiescence (hazard
ratio, 4.31 [1.48–12.46]; P ¼ .007), CHN compared with
histologic activity (hazard ratio, 6.69 [2.16–20.62];
P ¼ .001), and no previous exposure to cyclosporine
(P ¼ .034) predicted clinical relapse-free survival

Table 1. Clinical Characteristics at Baseline

Baseline characteristics
(N ¼ 646)

Median (IQR) or
percentage (n)

Age at diagnosis of UC (y) 29 (22–41)
Gender (male) 50.2% (n ¼ 324)
Greatest disease extent seen, %

Proctitis 10.1 (n ¼ 65)
Left-sided 30.5 (n ¼ 197)
Pancolitis 59.4 (n ¼ 384)

Duration of disease (y) 13 (7–22)
Smoking status

(current smoker), %
6.6 (n ¼ 41)

Endoscopic mucosal disease
activity, n (%)

Mucosal healing
385 (59.6)

Mucosal normalization 157 (24.3)
Mucosal quiescence 228 (35.3)
Mucosal activity 261 (40.4)

Histologic disease
activity, n (%)

Histologic healing
325 (50.3)

Histologic normalization 65 (10.1)
Histologic quiescence 260 (40.2)
Histologic activity 321 (49.7)

Medications, n (%)
Oral steroid exposure 394 (66.8)
Current oral steroid 54 (98.6)
Mesalamine exposure 637 (99.5)
Current mesalamine 517 (81.6)
Immunomodulator exposure 294 (48.1)
Current immunomodulator 190 (30.1)
Previous cyclosporine salvage 25 (4.2)
Anti-TNF exposure 109 (18.1)
Current anti-TNF 82 (13.0)

IQR, interquartile range; TNF, tumor necrosis factor.

Table 2. Univariate Analysis of Predictors of Complete
Histologic Healing in UC

Characteristic (N ¼ 646)
CHN

(n ¼ 65)
No CHN
(n ¼ 581)

P
value

Age, n (%) .071a

�16 y 11 (17) 49 (9)
17–39 y 39 (61) 357 (63)
�40 y 14 (22) 160 (28)

Gender, male, n (%) 40 (46) 294 (51) .496
Current smoker, n (%) 5 (8) 36 (6) .666
Disease extent at baseline, n (%) .001b

E1 15 (23) 50 (9)
E2 15 (23) 182 (31)
E3 35 (54) 349 (60)

Disease >10 y, n (%) 47 (73) 336 (59) .029b

Oral steroid exposure, n (%) 33 (55) 361 (68) .041b

Mesalamine monotherapy, n (%) 40 (63) 291 (51) .082
Previous immunomodulator, n (%) 22 (36) 272 (50) .033b

Current immunomodulator, n (%) 15 (23) 175 (31) .220
Previous cyclosporine salvage, n (%) 4 (7) 21 (4) .340
Previous anti-TNF, n (%) 5 (8) 104 (19) .031b

Current anti-TNF Rx, n (%) 5 (8) 77 (14) .192a

Current immunomodulator and
anti-TNF, n (%)

4 (6) 26 (5) .555

TNF, tumor necrosis factor.
aIncorporated into multivariate analysis as P < .2.
bSignificant P < .05.
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(Table 4). MH was not independently associated with
lower rate of clinical relapse.

Discussion

We have demonstrated that histologic normalization
of the colon in UC is possible and is characterized by
statistically superior clinical relapse-free survival. A total
of 1 in 10 of our cohort achieved CHN.

This is the first study to describe complete normali-
zation of histology in UC. A study by Kleer and Appel-
man26 did demonstrate that areas of histologic chronic
colitis became normal at some point in 22 of 41 patients
(54%). However, this study only described the rate of
normalization of a single point in the bowel, and did not
look at complete normalization of the bowel or examine
patient characteristics that predicted this normalization.

Most descriptions of histologic normalization have
been reported as rectal sparing. Levine et al27 found that,
of 24 asymptomatic patients with UC, 2 (8%) normalized
their rectal biopsy on follow-up. Odze et al22 looked at 14
patients treated with either mesalamine or placebo
enemas and found that, in patients on mesalamine rectal
therapy, 36% of rectal biopsies normalized (defined as
“complete absence” of any of the characteristic features
of chronic UC). However, only 1 patient (7%) normalized

all their rectal biopsies. Finally, Bernstein et al28 showed
that 2 of 39 (5%) patients with UC have histologic
evidence of absolute rectal sparing at some point during
their disease. None of these studies looked at proximal
colon histologic normalization or patient or disease
characteristics associated with histologic normalization.

We found that CHN was associated with less exten-
sive disease. It has previously been described that

Figure 1. Kaplan-Meier analysis of effect of endoscopic
mucosal and histologic activity on clinical relapse-free survival.
(A) Clinical relapse-free survival versus histologic healing. (B)
Clinical relapse-free survival versus endoscopic mucosal
healing. (C) Clinical relapse-free survival versus histologic
healing in patients with endoscopic mucosal healing.

Table 3. Baseline Characteristics of Those in Clinical
Remission at Baseline

Patients N ¼ 310

Sex, n (%), male 159 (51.3)
Age, median (IQR), y 48.4 (36.6–58.8)
Age of diagnosis, median (IQR), y 29 (22–41)
Active smoking status, n (%) 21 (6.8)
Duration of disease, median (IQR), y 14 (1–52 or 8–49)
Disease extent, n (%)

E1 34 (11.0)
E2 89 (28.7)
E3 187 (60.3)

Endoscopic mucosal disease activity, n (%)
Endoscopic mucosal activity 80 (25.0)
Endoscopic mucosal quiescence 127 (41.0)
Endoscopic mucosal normalization 103 (33.2)

Histologic disease activity, n (%)
Histologic activity 108 (34.8)
Histologic quiescence 157 (50.7)
Complete histologic normalization 45 (14.5)

Medications, n (%)
Past oral steroid exposure 185 (66.3)
Current oral steroids 15 (4.9)
Past mesalamine exposure 303 (99.3)
Current mesalamine therapy 242 (79.3)
Past IMM therapy exposure 156 (52.9)
Current IMM therapy 110 (36.2)
Past anti-TNF therapy exposure 57 (19.5)
Current anti-TNF therapy 49 (16.2)
Previous cyclosporine salvage therapy 12 (4.1)

IMM, immunomodulator; IQR, interquartile range; TNF, tumor necrosis factor.
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extensive colitis is a risk factor for more complicated
disease outcomes with the rate of colectomy in these
patients of about 19% at 10 years compared with 5% of
those who have proctitis.29

Our study demonstrates that histologic normalization
is associated with improved clinical outcomes when
compared with histologic quiescence and activity, and is
more predictive of improved outcomes than endoscopic
MH alone or histologic quiescence alone. Several studies
have now confirmed the value of histologic features of
colitis predicting clinical relapse in UC.9,11,12,16,18 Riley
et al9 found in 82 patients with UC that an acute in-
flammatory cell infiltrate, crypt abscess, and mucin
depletion were significantly higher in those who subse-
quently relapsed within 12 months. Bitton et al11 re-
ported on 74 patients in clinical and endoscopic
remission with rectal biopsy specimens and demon-
strated that basal plasmacytosis was associated with UC
relapse with a hazard rate of 4.5. In addition, Feagins
et al18 described 51 patients in clinical remission and
reported that basal lymphoplasmacytosis, erosions/ul-
ceration of the epithelial, or moderate to marked archi-
tectural distortion significantly predicted clinical flares
by 6 and 12 months and was more accurate at predicting
flares compared with endoscopic assessment alone.
Finally, Bryant et al16 demonstrated that histologic
remission predicted corticosteroid use and acute severe

colitis requiring hospitalization over 6 years and, similar
to our study, endoscopic MH did not. Although our data
confirm the importance of histologic healing in
improving clinical outcomes in patients with UC over and
beyond that of endoscopic MH, it is novel in that we
identify histologic normalization as a stronger predictor
of a decreased risk of relapse in patients with either
quiescent endoscopic mucosal or histologic UC.

Despite our findings, one must be guarded in trans-
lating these associations into clinical practice. The find-
ings cannot yet justify increasing therapy for the sole
purpose of achieving histologic normalization. It is
important, however, to acknowledge that this level of
“deeper remission” is associated with improved out-
comes. Patients who achieve histologic normalization can
be informed of their improved prognosis and may
represent a cohort requiring less stringent clinical sur-
veillance and follow-up. Furthermore, whether this is a
subgroup of patients that may benefit from stable de-
escalation of medical therapy or require less intensive
cancer surveillance remains to be determined. Finally,
similar to other recent reports,12,16 a total of 27% of
patients in this study with mucosal quiescence had
persistent microscopic inflammation. Because histologic
assessment seems superior to endoscopic assessment in
predicting clinical outcomes, this disparity between his-
tologic and endoscopic outcomes indicates that one

Table 4. Univariate and Multivariate Analysis For Factors Associated With Clinical Relapse-Free Survival

Risk factor
Univariate analysis:

HRa (95% CI) P valueb
Multivariate analysis:

HRa (95% CI) P valueb

Sex (female) 1.15 (0.74–1.81) .533
Older age at colonoscopy 0.99 (0.97–1.00) .152c 0.99 (0.98–1.01) .408
Older age of diagnosis 0.99 (0.98–1.01) .436
Current smoker 1.19 (0.51–2.75) .687
Longer duration of disease 0.99 (0.96–1.01) .301
Disease extent

E2 vs E1 1.33 (0.59–2.98) .487
E3 vs E1 1.41 (0.66–3.01) .369

Endoscopic MH
Quiescent disease vs normalization 1.56 (0.87–2.76) .131
Active disease vs normalization 2.44 (1.37–4.36) .002

No endoscopic MH 1.93 (1.21–3.07) .006d 1.02 (0.56–1.85) .954
Histologic healing

Quiescent disease vs normalization 3.79 (1.34–10.68) .012d 4.31 (1.48–12.46) .007d

Active disease vs normalization 6.76 (2.39–19.14) < .001d 6.69 (2.16–20.62) .001d

Current oral steroids 0.72 (0.23–2.30) .582
Current mesalamine therapy 1.19 (0.67–2.14) .555
Current anti-TNF therapy 0.88 (0.44–1.78) .724
Current duel therapy (IMM þ anti-TNF) 1.42 (0.61–3.27) .416
Current IMM therapy 1.37 (0.86–2.17) .183c 1.21 (0.72–2.04) .469
Past anti-TNF therapy exposure 0.81 (0.42–1.54) .522
Past IMM therapy exposure 1.32 (0.83–2.09) .236
Past cyclosporine salvage therapy 2.34 (0.99–5.52) .052c 2.71 (1.07–6.82) .034d

Past oral steroid exposure 1.08 (0.67–1.74) .749

CI, confidence interval; HR, hazard ratio; IMM, immunomodulator; TNF, tumor necrosis factor.
aHR for each risk factor in Cox model (estimate and 95% CI).
bSignificance level.
cIncorporated into multivariate analysis as P < .2.
dSignificant P < .05.
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should consider incorporating histologic surveillance
into clinical practice.

This study lends further evidence to the importance
of histologic assessment in prognosticating a patient’s
future disease course, and has implications for the design
of future clinical trials. In fact, the United States Food and
Drug Administration has pointed to the possibility of
requiring documentation of histologic disease activity at
inclusion and as an outcome measure in future clinical
trials.30 Clarification of a standardized and validated
reporting system for histologic disease severity is needed
in UC. There are current international efforts being un-
dertaken to develop such an index.20,21 This study sug-
gests any such index should include histologic
normalization as a separate and independent grade.

There are several notable strengths and several lim-
itations to this study. As with any retrospective analysis,
there may be inaccuracies in data collection. However,
the extensive experience of the involved clinicians and
overlapping data sources (electronic records, endoscopy,
and pathology reports) should minimize this limitation.
The generalizability of the data is also uncertain, because
this is a single-center study based in a tertiary hospital
setting where experts in the area of IBD manage patients.
It is unclear whether this selection issue would make
normalization of histology more or less likely; although
patients may be treated for their disease more aggres-
sively, they also most likely represent a more complex
range of patients with more severe disease phenotypes
compared with the general community. The tertiary na-
ture of the setting is also in part its strength, because
there is standardized reporting for endoscopy and pa-
thology at the center. In addition, although we do use a
standardized approach to sampling the mucosa in our
patients with UC, it is possible that these results may
represent a sampling bias. We believe this limitation was
minimized based on the fact that there was no significant
difference in biopsy number per patient when comparing
cases and control subjects (histologic normalization
compared with no normalization). There is also minimal
variability between biopsies within each colonic segment
with the same percentage of intrasegment biopsies with
the same histologic inflammatory activity score being
80% or greater across all segments of the large bowel.31

Furthermore, although our histologic activity and quies-
cence definitions are similar to those previously
described by others,3,14,16,32 the histologic scale used
here to assess histologic normalization has not under-
gone independent validation. Finally, given the limita-
tions of this retrospective review, dose and duration of
medication exposures were not obtained. Although un-
derstanding more about therapies and how they may
achieve histologic normalization is of interest, we suggest
that this should be assessed in future trials, along with
the potential for controlled de-escalation of therapies in
patients who achieve CHN.

In conclusion, we demonstrate that histologic
normalization is an outcome in patients with UC and

have found that it occurs more often in association with
less extensive disease. We demonstrate for the first time
that CHN in UC is associated with improved clinical
outcomes and provide further evidence that, despite the
introduction and search for other predictive biomarkers
in IBD, traditional histopathology may well be the most
reliable. We propose that histologic assessment of
disease activity should be part of endoscopic assessment
in IBD. In addition, future standardized and validated
histologic indices include histologic normalization as a
unique outcome and encourage these findings to be
incorporated into future clinical trials and clinical
practice.
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Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
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Supplementary Table 1. Biopsies in Each Segment of the
Colon by Healing Status

CHN No CHN

P valueMedian biopsy (IQR)

Right colon, n 6 (4–10) 7 (4–11) .237
Left colon, n 6 (4–9) 7 (4–10) .412
Rectum, n 3 (2–4) 4 (2–5) .089
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2.3  SEGMENTAL HISTOLOGIC NORMALISATION OCCURS IN ULCERATIVE 

COLITIS BUT DOES NOT IMPROVE CLINICAL OUTCOMES 

 

We have shown in chapter 2.2 that normalisation of the entire bowel improves outcomes and is 

possible. This paper demonstrates that a lesser outcome, segmental normalization also occurs 

in patients with UC, usually in a distal to proximal direction, however, is not associated with 

improved outcomes assessed.  
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Abstract

Background and Aims: Complete histological normalisation and reduction of inflammation 
severity in patients with ulcerative colitis are associated with improved clinical outcomes, but 
the clinical significance of normalisation of only segments of previously affected bowel is not 
known. We examined the prevalence, pattern, predictors, and clinical outcomes associated with 
segmental histological normalisation in in patients with ulcerative colitis.
Methods: Medical records of patients with confirmed ulcerative colitis and more than one 
colonoscopy were sought. Segmental histological normalisation was defined as histological 
normalisation of a bowel segment [rectum, left-sided or right-sided colon] that had previous 
evidence of chronic histological injury. We assessed the variables influencing these findings and 
whether segmental normalisation was associated with improved clinical outcomes.
Results: Of 646 patients, 32% had segmental and 10% complete histological normalisaton when 
compared with their maximal disease extent. Most [88%] had segmental normalisation in a proximal-
to-distal direction. Others had distal-to-proximal or patchy normalisation. On multivariate analysis, 
only current smoking [p = 0.040] and age of diagnosis ≤16 years [p = 0.028] predicted segmental 
histological normalisation. Of 310 who were in clinical remission at initial colonoscopy, 77 [25%] 
experienced clinical relapse after median 1.3 [range 0.06–7.52] years. Only complete histological 
normalisation of the bowel was associated with improved relapse-free survival (hazard ratio [HR] 
0.23; 95% confidence interval [CI] 0.08–0.68; p = 0.008].
Conclusions: Segmental histological normalisation occurs in 32% of patients with ulcerative 
colitis and is increased in those who smoke or were diagnosed at younger age. Unlike complete 
histological normalisation, segmental normalisation does not signal improved clinical outcomes.

Key Words: Histology; mucosal healing; disease activity; disease regression; histological healing
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1. Introduction

Ulcerative colitis [UC] is characterised by chronic mucosal inflam-
mation that nearly always affects the rectum and involves con-
tinuous inflammation for variable lengths of the colon proximal to 
this. The disease is regionally classified according to disease extent, 
using the Montreal classification system, into ulcerative proctitis 
[limited to the rectum—E1], left-sided [extending up to the splenic 
flexure—E2], and extensive colitis [extending beyond the splenic 
flexure—E3].1 Approximately one-third of patients present with ul-
cerative proctitis, one-third present with left sided UC, and another 
one-third present with extensive colitis.2

Reasons for such a classification are that disease extent is asso-
ciated with both therapeutic strategy and prognosis. Thus, first-line 
treatment of patients with limited colitis is usually delivered top-
ically via rectal instillation, whereas patients with more extensive 
disease require orally delivered therapy.3 Patients with active exten-
sive colitis are more likely to need colectomy4 and are at greater 
long-term risk of developing colorectal cancer.5 However, despite the 
Montreal classification system and the importance of classifying dis-
ease extent at diagnosis, changes in disease extent over time have 
been identified. Half of patients with limited disease at diagnosis 
may progress to more extensive disease and these patients have a 
worse prognosis with higher overall rates of surgery.6 Conversely, 
disease extent may regress with treatment or over time. Older studies 
relied on radiological data or do not describe what method they used 
to identify regression.7 A more recent study identified that 16% of 
patients have disease regression over a mean duration of 9 [4–16] 
years,8 but disease regression was based solely on endoscopic find-
ings and did not include evaluation of histological disease extent. 
In addition, whether patients had improved clinical outcomes with 
disease regression was not explored.

What is meant by disease regression requires clarification. 
Quiescence of disease activity more proximally [as shown radio-
logically or by histological ‘quiescence’] is not disease regression. 
Strictly, regression requires evidence of histological normalisation, 
such that microscopic evidence of chronic injury is no longer vis-
ible. Both complete histological normalisation and a reduction in 
severity of endoscopic and histological inflammation in the most se-
verely affected segment of bowel in UC have been associated with 
improved clinical outcomes.9–12 However, data on incomplete histo-
logical remission or disease regression [i.e., segmental normalisation] 
are sparse and the clinical implications and associations of patient, 
disease, and treatment characteristics of such a definition of disease 
regression are not known. Thus, the aims of the current study were 
to examine both the prevalence and the predictors of segmental 
histological normalisation in UC patients, and to determine the as-
sociation of such normalisation with clinical outcomes.

2. Methods

2.1. Protocol
A retrospective cohort study was performed as previously described9 
and was approved by the Institutional Review Board [IRB13-1063]. 
Segmental or complete histological normalisation was evaluated in 
colonoscopic biopsies, and the rates and associations were exam-
ined. In this cohort, approximately 10% previously had demon-
strated complete normalisation of their bowel histology and found 
to have improved clinical outcomes.9 Briefly, all patients with UC 
who underwent a colonoscopy at the University of Chicago be-
tween August 2005 and October 2013, with biopsies obtained in at 

least the rectum, left colon, and right colon, which showed chronic 
changes consistent with a histological diagnosis of UC [index col-
onoscopy] and who had a subsequent colonoscopy [final colon-
oscopy] more than 1 year later, were studied. Where patients had 
had more than one previous colonoscopy, the colonoscopy with the 
maximal disease extent on histology was classified as the index col-
onoscopy [see below]. Patients who had inadequate documentation, 
had undergone a colectomy, or had confirmed Clostridioides difficile 
infection at the time of follow-up colonoscopy, were excluded.

Demographic, clinical, endoscopic, histological, and biochem-
ical data were collected from the electronic medical record system, 
including the date of onset of disease, duration of disease, smoking 
history, and previous and current use of anti-inflammatory agents 
and/or immunosuppressant therapy (steroids, immunomodulators, 
anti-tumour necrosis factor [TNF] agents) at the time of follow-up 
colonoscopy.

The endoscopic and histological severity and the number of bi-
opsies taken from each segment were recorded. The maximal disease 
extent was defined by the most proximal biopsy showing evidence 
of disease, whether acute or chronic inflammation or chronic archi-
tectural changes [i.e., crypt branching/shortening, decreased crypt 
densities, and irregular mucosal surfaces] at any previous endoscopy. 
At each colonoscopy, patients were classified on histological findings 
as per the Montreal classification,22 with the baseline or index dis-
ease extent classified as the most extensive Montreal classification 
found on any previous endoscopy.

All colonoscopies were performed by an academic inflammatory 
bowel disease [IBD] expert gastroenterologist with a minimum of 
5 years’ experience. Photographs were taken of each segment of the 
bowel, with targeted photographs of the areas of mucosal activity. An 
independent reviewer classified the segments of the colon according 
to the endoscopic sub-score of the Modified Mayo Disease Activity 
Index [MMDAI] scoring system.13 Endoscopic mucosal healing was 
defined by an MMDAI endoscopic sub-score ≤1 [normal or mild 
erythema or decreased vascular pattern] throughout the bowel, and 
endoscopic disease activity as an MMDAI ≥2 [any of moderate or 
marked erythema, absent vascular pattern, friability, erosions, ulcer-
ation, or contact/spontaneous bleeding]. Endoscopic normalisation 
was defined as an MMDAI endoscopic sub-score = 0.

Mucosal biopsies from each segment of the colon, targeting the 
area of most significant mucosal disease activity, were assessed by 
two pathologists who specialise in gastrointestinal histopathology. 
Their reporting uses a standardised scale that leads to conclusions 
that each region of the colon examined is histologically normal, qui-
escent, mild, moderate. or severe disease, as previously described.9 
The criteria used had not changed over the period of the study. For 
the purposes of the current study, histopathological findings were di-
chotomised into either: 1] histologically normal: completely normal 
mucosa with no features of chronicity; or active inflammation  2] 
not histologically normal: presence of any feature of chronicity, 
including crypt atrophy or branching, or any active inflammation 
including erosions, crypt abscesses, or focal neutrophil infiltra-
tion. The inter-observer agreement between the pathologists when 
grading histological scores on a 6-point scale of inflammation se-
verity has previously been reported as very good [kappa = 0.6].25

The primary outcome of segmental histological normalisation 
was defined by normal mucosa on histology in at least one bowel 
segment [right side, left side, or rectum] on final colonoscopy that 
had previously identified histological evidence of UC on index col-
onoscopy. Segmental histological normalisation was further div-
ided into complete histological normalisation, proximal histological 
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normalisation, distal histological normalization, and patchy histo-
logical normalisation [Table  1]. Disease extension or progression 
was not looked at as a separate category, because the patient’s index 
disease extent was classified according to the most extensive disease 
they had previously recorded at any endoscopy.

2.2. Assessment of clinical relapse-free survival
Patients in clinical remission at follow-up colonoscopy, and who had 
≥6 months of clinical follow-up at the University of Chicago from 
their last colonoscopy until September 2014, were included in a sep-
arate analysis of clinical relapse-free survival. At each patient clinic 
visit at the University of Chicago, the Simple Clinical Colitis Activity 
Index [SCCAI] was calculated.26 Clinical remission was defined as an 
SCCAI ≤2 and sub-score of ≤1 for stool frequency or rectal bleeding 
as determined from physician records. Clinical relapse-free survival 
was defined as time from follow-up colonoscopy to period of clin-
ical relapse, with clinical relapse defined at clinical follow-up as an 
SCCAI > 2, sub-score of >1 for stool frequency or rectal bleeding, or 
medication escalation for symptoms, hospitalisation for UC relapse, 
or colectomy for refractory UC.

2.3. Statistical analysis
Continuous variables were summarised using medians and inter-
quartile ranges [IQR]. Categorical variables were expressed as the 
percentage and number of the cohort. Univariate analysis of base-
line characteristics was performed to identify possible predictive 
factors for histological regression. The Mann-Whitney U test and 
analysis of variance were used to compare continuous variables, and 
Pearson’s chi square test was used to compare categorical variables. 
Multivariable analysis to identify independent factors associated 
with histological outcomes was performed using logistic regression.

Clinical relapse-free survival was compared between those with 
and without histological regression, using log-rank testing; Kaplan-
Meier analysis was performed to compare clinical relapse-free 
survival in those with and without segmental and complete nor-
malisation; and Cox-proportional hazard regression analysis was 
performed to compare sub-groups of interest and to identify inde-
pendent predictors of segmental normalisation. All variables with 
p-values <0.2 on univariate analysis were retained and integrated 
into the multivariate models. A  two-sided p-value ≤0.05 was con-
sidered statistically significant. All data analyses were performed 
using Stata 12.0 [StataCorp., College Station, TX].

3. Results

3.1. Patients
In all, 646 patients fulfilled the entry criteria and were included in 
the analysis. Their demographic and clinical details are outlined in 
Table 2: 50% were men, and the median age at diagnosis of UC was 
29 [IQR 22–41] years with a median duration of disease at final col-
onoscopy of 13 [7–22] years. Of these patients, 59% had extensive 
colitis at the index colonoscopy.

3.2. Disease regression
Segmental histological normalisation was identified in 32% [n = 208] 
of patients on follow-up and, of these, 10% [n = 65] had complete 
normalisation of their histology in all segments that had previously 
shown changes.

Complete histological normalisation was identified in 9% 
[n = 35] of patients with extensive colitis, 8% [n = 15] of those 
with left-sided disease, and 23% [n = 15] of those with proctitis 
alone [Figure  1a]. Of those who achieved segmental normalisa-
tion, histological normalisation was seen in a proximal to distal 
direction [proximal histological normalisation] in 118 patients, 
with 25% [n = 29] of these patients regressing from extensive col-
itis to proctitis, 24% [n = 28] from left-sided colitis to proctitis, 
and 52% [n = 61] from extensive to left-sided disease [Figure 1a]. 
An additional 4% [n = 25] of patients normalised a distal segment 
of their bowel, but had evidence of proximal disease [distal histo-
logical normalisation or patchy histological normalisation]; 24 
had rectal normalisation, two of whom had extension of their dis-
ease proximally [Figure 1b].

By univariate analysis, segmental histological normalisation 
of any kind was associated with diagnosis of UC for ≤16  years 
[p = 0.016], current smoking [p = 0.017], and more extensive disease 
extent at baseline [p = 0.002] [Table  3]. On multivariate analysis, 
age of diagnosis ≤16 years (adjusted odds ratio [AOR] 1.84; 95% 
CI 1.03–3.30; p = 0.040) and current smoking [AOR 2.40; 95% CI 
1.24–4.64; p = 0.010] were significantly and independently associ-
ated with segmental histological normalisation.

3.3. Clinical relapse-free survival
Of patients who were in clinical remission at the time of their final 
colonoscopy, 310 were assessed for their clinical relapse-free sur-
vival time over the subsequent median 1.8 [IQR 1.1–2.9] years of 

Table 1. Criteria used to define segmental histological normalisation.

Histological regression type Definition

Complete histological normalisation Normal mucosa by biopsy in all bowel segments which previously had identified histological evidence 
of UC in prior index colonoscopy

Proximal histological normalisation Disease regression in proximal to distal direction: normal mucosa by biopsy in most proximal bowel seg-
ments [i.e., right-side colon] which previously had identified histological evidence of UC in prior index 
colonoscopy with ongoing histological evidence of UC in most distal bowel segments [i.e., rectum]

Distal histological normalisation Disease regression in distal to proximal direction: normal mucosa by biopsy in most distal bowel 
segments [i.e., rectum or rectum/left-side bowel] which previously had identified histological evidence 
of UC in prior index colonoscopy with ongoing histological evidence of UC in most proximal bowel 
segments [i.e., right side colon]

Patchy histological normalisation Disease regression in patchy pattern: normal mucosa by biopsy in patchy bowel segments [i.e., left-side 
bowel] which previously had identified histological evidence of UC in prior index colonoscopy with 
ongoing histological evidence of UC in more proximal and distal bowel segments [i.e., right side colon 
and/or rectum]

UC, ulcerative colitis.
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follow-up: 51% were male, with median age 29 years [IQR 22–41] 
and median duration of disease of 14 years [IQR 8–49].

Maintenance medications at time of follow-up colonoscopy 
included systemic oral steroids [5%], 5-aminosalicylate [5-ASA] 
[79%], immunomodulators [36%], and anti-TNF [16%]. Most 
patients [60%] had extensive colitis as their most extensive pre-
vious disease; 74% [n = 230] had endoscopic mucosal healing; 
and 36% [n = 113] had segmental histological normalisation of 
the disease.

Clinical relapse occurred in 77 [25%] patients after 1.3 
[range 0.6–7.5] years. Of these, 58 had their medication regimen 
escalated, 11 were hospitalised, and one proceeded to colectomy. 
As shown in Figure 2a, patients who did not achieve segmental 
histological normalisation had higher rates of clinical relapse 
than those who did. However, when the type of normalisation 
was separated into partial [including proximal and distal/patchy 
histological normalisation] and complete sub-groups, only pa-
tients who achieved complete histological normalisation had a 
decreased risk of clinical relapse [Figure 2b]. Those who had in-
complete segmental normalisation relapsed at a similar rate as 
those without any evidence of segmental histological normalisa-
tion [Figure 2b].

By univariate analysis, the achievement of complete mu-
cosal healing [MMDAI ≤1], endoscopic mucosal normalisation 
[MMDAI ≤0], and segmental histological normalisation were asso-
ciated with improved clinical relapse-free survival [Table 4]. When 
segmental histological normalisation was divided into sub-types, 
only complete normalisation was associated with decreased risk of 
clinical relapse[Table 4]. As there was collinearity between segmental 
normalisation and the sub-groups of normalisation based on direc-
tion, segmental normalisation was removed from the multivariable 
analysis. Therefore, only complete histological normalisation 
(HR 0.23; [0.08–0.68]; p = 0.008] was associated with clinical-
relapse free survival [Table 4]. Incomplete segmental normalisation 
including proximal, distal, and patchy histological normalisation 
was not associated with improved clinical-relapse free survival on 
multivariable analysis.

4. Discussion

We have demonstrated that histological normalisation of previously 
inflamed segments of the large bowel, with consequent regression of 
disease extent, is possible with current management of UC. One in 
10 of our cohort achieved complete histological normalisation and 
one in three demonstrated segmental histological normalisation with 

normalisation/regression of at least one segment of the colon, in the 
vast majority [88%] in a proximal-to-distal direction. The remaining 
12% normalised a distal segment, most commonly the rectum. 
Incomplete segmental histological normalisation or regression of a 
segment by itself did not have an impact on clinical outcomes, with 
only those achieving complete histological normalisation having 
statistically superior clinical relapse-free survival.

The frequency and associated clinical impact of segmental histo-
logical normalisation has not been previously studied, but there 
are previous reports of disease regression in UC, all with differing 
definitions. Previous work has examined change in the distribution 
of active inflammation, either radiologically14 or using undefined 
clinical criteria.8 In the former study, 60% of 1161 patients with 
barium-defined extensive colitis had radiological regression after 
9 years,14 whereas the prospective Swiss latter study reported that 
16% of patients had regression of their disease on follow-up over 
9  years.8 Histological normalisation was not part of either study. 
It might be anticipated that loss of inflammation is the first process 
in regression. Indeed, the regression rates reported were greater in 
these two studies than we have reported, consistent with that con-
cept. For example, in the Swiss study 19% of patients with extensive 
colitis regressed to left-sided colitis and 9.4% of patients regressed 
to proctitis,8 compared with the 16% and 8%, respectively, that we 
encountered. Only proximal-to-distal regression was analysed and 
complete regression was not examined, as the authors needed an ac-
tively inflamed segment to enable assessments to be made.

True segmental normalisation can only be determined when the 
mucosa becomes histologically normal. This is well documented to 
occur in descriptive studies, such as that by Kleer and colleagues15 
who reported that areas of histological chronic colitis became normal 
at some point in 22 of 41 patients [54%]. However, this study only 
described the rate of normalisation of a single point in the bowel, 
and did not look at complete normalisation of the bowel or rates of 
regression overall, nor did it examine patient characteristics that pre-
dicted this normalisation. Most descriptions of histological regres-
sion have been reported as ‘rectal sparing’. Levine and colleagues16 
found that, of 24 asymptomatic patients with UC, two [8%] had 
normalisation of their rectal biopsy on follow-up. Odze and col-
leagues17 looked at 14 patients treated with either 5-ASA or placebo 
enemas and found that, in the patients on 5-ASA rectal therapy, 36% 
of the rectal biopsies normalised [defined as ‘the complete absence’ 
of any of the characteristic features of chronic UC] with no lamina 
propria mixed inflammatory infiltrate, crypt architectural abnormal-
ities, basally lymphoid aggregates or plasmacytosis, or Paneth cell 
metaplasia. However, only one patient [7%] had normalisation of all 
of their rectal biopsies. Finally, a study by Bernstein and colleagues18 
showed that two of 39 [5%] patients with UC had histological 
evidence of absolute rectal sparing at some point during their dis-
ease. These studies have slightly lower rates of rectal normalisation 
when compared with our study, in which 14% experienced rectal 
histological normalisation, although in our study only 24 [4%] ex-
perienced a form of rectal sparing. None of the above small studies 
looked at proximal colon histological normalisation, or at patient or 
disease characteristics associated with histological normalisation, or 
whether this normalisation was associated with improved outcomes.

The large cohort examined in the current study enabled pre-
dictive factors to be identified. The first factor was that patients with 
younger age of diagnosis were more likely to have segmental histo-
logical normalisation of their disease. This finding is in contrast to 
previous studies that have shown that younger age of diagnosis is as-
sociated with UC disease extension.6,19 However, it has been reported 

Table 2. Clinical characteristics at baseline.

Baseline characteristics [n = 646] Median [min-max]  
or percentage [n] 

Age at diagnosis of UC [years] 29 [5–82] 
Gender [male] 50% [n = 324] 
Greatest disease extent seen:  
 Proctitis 10% [n = 65] 
 Left-sided 31% [n = 197]
 Extensive colitis 59% [n = 384] 
Duration of disease [years] 13 [1–52] 
Smoking status [current smoker] 7% [n = 41]
Endoscopic mucosal healing on follow-up 57% [n = 368]
Segmental histological normalisation on follow-up 32% [n = 208]

UC, ulcerative colitis; min-max, minimum to maximum.
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that colonic inflammation may be less severe in children than in 
adults with UC, and that children have less severe and less diffuse 
architectural abnormalities and often have no architectural features 
of chronicity.20 A study by Robert and colleagues21 determined that 
these findings were only seen proximal to the rectum, which may ex-
plain why patients with younger age of diagnosis of UC were more 

likely to have segmental histological normalisation in this study but 
not complete normalisation in other studies.9

The second factor was cigarette smoking, segmental histological 
normalisation being associated with current cigarette smokers at the 
time of final colonoscopy; almost one in two smokers had segmental 
histological normalisation, compared with less than one in three of 

Disease regression in proximal to distal direction
183 of 646 patients (28%)

Disease regression in distal or patch-work direction
25 of 646 patients (4%)

n = 43 of 197 (22%)

n = 5 of 197 (3%)

n = 19 of 384 (5%)

n = 1 n = 4 (1%)

n = 1 n = 4
(2%)

n = 1

n = 1 of 65 (2%)

n = 6 (2%)
n = 8 (2%)

n = 28
(14%)

n = 15
(8%)

n = 15

n = 15 of 65 (23%)

n = 125 of 384 (33%)
A

B

n = 61 (16%) n = 35 (9%)

n = 29 (8%)

Figure 1. Diagram demonstrating degrees of and patterns of histological normalisation in ulcerative colitis. A] Proximal histological normalisation: histological 
normalisation in proximal-to-distal direction. B] Distal and patchy histological normalisation: histological normalisation in a distal-to-proximal or patchy 
direction/pattern.
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the ex- and never-smokers. This unique observation adds to the pre-
viously reported protective effect of smoking in patients with UC. 
Smokers with UC have fewer relapses and hospitalisations, and a 
reduced need for oral corticosteroids or immunomodulator therapy 
for management of their disease, compared with ex- and never-
smokers.22–26 Consistent with our novel findings was the observa-
tion by Aldous and colleagues,26 that a higher proportion of smokers 
than ex- or never-smokers had a decrease in disease extent between 
diagnosis and follow-up, both macroscopically and histologically, 
with 22% of current smokers compared with 9% of ex-smokers and 
6% of never-smokers having less extensive disease 5 years after diag-
nosis [p = 0.001]. However, this was no longer significant at 10 years 
[p = 0.086]. Their study was limited by not describing how they as-
sessed disease extent, merely stating that it was classified by ‘endo-
scopic and histological assessment’, which do not always correlate. 
In our study, the rates of segmental normalisation were much higher,

One factor that was not associated with segmental histological 
normalisation was anti-TNF therapy, which has more recently been 
associated with higher rates of mucosal healing in UC compared 
with conventional therapies.27 However, the ‘follow-up’ colonos-
copy in this study occurred between 2005 to 2013, and at this time 
anti-TNF therapy was not as readily available for the treatment 
of UC, with infliximab having only just become available in 2005 
and adalimumab only receiving FDA approval in 2012. Therefore, 
only 13% of patients were receiving infliximab and the study may 
be underpowered to evaluate this association. In addition, many 

patients at this time only received intermittent dosing or may have 
been under-dosed, since assessments of serum concentrations were 
not yet prevalent. It would be of interest to study the association be-
tween histological normalisation and regression with biologic use, in 
a prospective fashion.28,29 Unfortunately, data on use of 5-ASA sup-
positories or enemas were not collected. In future studies, it would be 
of interest to see if this predicted distal histological normalisation. As 
previously mentioned, only 4% of our patients did experience rectal 
sparing on follow-up, which is similar to previous reports. However, 
it is important to note that only six patients of the 646 [0.15%] had 
complete left-sided and rectal sparing with residual ongoing disease 
activity in the right colon. Hence, this suggests that even in patients 
with previous disease proximal to the sigmoid colon, flexible sig-
moidoscopy is adequate to confirm histological normalisation in the 
majority of patients, as long as left-sided colon biopsies are taken.

One of the primary motivational factors to perform this study 
was to determine the prognostic value of incomplete remission or 
segmental histological normalisation in terms of major clinical out-
comes such as relapse. Several studies have confirmed the role of 
disease progression on poorer outcomes, with patients who develop 
disease progression more likely having a steroid-refractory course re-
quiring thiopurines, cyclosporine, or infliximab, and having a higher 
incidence of surgery and development of neoplasia.30 In addition, it 
has been previously demonstrated that complete histological nor-
malisation9,10 and reduction in severity of the worst-affected segment 
histologically12 and endoscopically11 are associated with improved 
clinical outcomes. As previously described, patients in this study with 
complete histological normalisation were 80% less likely to have 
clinical relapse compared with those who did not achieve complete 
histological normalisation. However, incomplete segmental normal-
isation of any kind was not associated with improved outcomes. In 
other words, patients who achieve rectal sparing or a reduction in 
extent of disease and/or number of affected segments without the 
achievement of complete histological normalisation are just as likely 
to develop clinical relapse as those who achieve no histological nor-
malisation at all. Furthermore, although further studies are required 
to confirm these findings and explore the association in parallel with 
the evolution of the inflammation in the segments that remain af-
fected, this study supports the current use of the most commonly 
used endoscopic scoring systems, the Mayo endoscopic score13,31 and 
the Ulcerative Colitis Endoscopic Index of Severity [UCEIS]30 that 
rely on assessing the severity of inflammation in the most affected 
segment, without taking into consideration disease extent.

This study provides further evidence that histology, more than 
endoscopic assessment, predicts a patient’s risk of clinical relapse.9,12 
As only moderate correlation between histological and endoscopic 
findings exists, with approximately one-quarter of patients having 
persistent histological inflammation in the setting of endoscopic 
healing,9,12 it is increasingly suggested that histological assessment 
should be incorporated into clinical practice and trials.32 Despite 
this, the confidence by which histological normalisation on a small 
sample of biopsies can be extrapolated to the whole segment is not 
certain. It is reassuring that previous studies have demonstrated 
minimal variability between biopsies within each colonic segment 
and among different segments.33 In addition, biopsies were obtained 
from each bowel segment in every patient. However, clarifying the 
technical approaches, developing histological assessment guidelines, 
and validating a biopsy approach in UC should be prioritised.34

There are a number of strengths and several limitations to this 
study. As with any retrospective analysis, there may be inaccuracies 
in data collection and reporting that affect results. The overlapping 

Table 3. Univariate analysis of predictors of histological regression 
in UC

 Characteristic  
[n = 646]

Histological 
regression 
[n = 208]

No histological  
regression 
[n = 438] 

p-value

Age, y, n [%]    
 ≤16 y 29 [14] 31 [7]  
 17–39 y 118 [58] 278 [65] 0.016**
 ≥40 y 58 [28] 116 [27]  
Gender, m, n[%] 97 [47] 227 [52] 0.218
Current smoker, n [%] 20 [10] 21 [5] 0.017**
Disease extent baseline, n [%]    
 E1 16 [8] 49 [11] 0.002**
 E2 48 [23] 149 [34]  
 E3 144 [69] 240 [55]  
Disease > 10 y, n [%] 73 [64] 251 [59] 0.199*
Oral steroid exposure, n [%] 129 [69]  265 [66] 0.517
5-ASA monotherapy, n [%] 104 [51] 227 [53] 0.607
Previous immunomodulator,  
n [%]

103 [53] 192 [46] 0.147*

Current immunomodulator,  
n [%] 

 71 [35] 119 [28] 0.076*

Previous cyclosporine salvage, 
n [%]

12 [6] 13 [3] 0.086*

Previous anti-TNF,  
n [%]

32 [16] 77 [19] 0.470

Current anti-TNF therapy, n 
[%]

26 [13] 56 [13] 0.915

Current immunomodulator and 
anti-TNF, n [%]

9 [4] 21 [5] 0.790

UC, ulcerative colitis; y, years; m, male; 5-ASA, 5-aminosalicylate; TNF, tu-
mour necrosis factor.

*Incorporated into multivariate analysis as p-value <0.2.
**Significant p-value <0.05.
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data sources [electronic records, endoscopy records, and pathology 
reports], the extensive experience of the clinicians involved, and the 
fact that there is standardised reporting for endoscopy and path-
ology at our centre, should minimise this limitation. In addition, 
although our histological activity definitions are similar to those 
previously described by others,3,14,16 the histological scale used here 
to assess histological normalisation has not undergone independent 
validation. In addition, the score does not take into consideration 
basal plasmacytosis that has been shown to predict patient out-
comes. However, the focus of this study was on complete normal-
isation of mucosa, and our score was simply constructed to confirm 
normality or not. Also, given the limitations of this retrospective re-
view, dose and duration of medication exposures were not obtained 
and data on topical therapies were not collected. Understanding 
more about therapies and how they may achieve histological re-
gression is of interest, particularly the impact of topical therapies 
on distal histological remission, and we suggest that this should be 
assessed in future trials. The increased emphasis on and interest in 

histological assessments in clinical trials are limited by the current 
approach of assessing histological activity in a single location rather 
than throughout the entire colon. Therefore, future assessment of 
the response of therapy on regression in UC will require more exten-
sive data collection. Finally, although this study demonstrates that 
response in regards to disease extent or number of affected bowel 
segments does not appear to be associated with clinical outcomes, 
future studies looking at this, in parallel with the evolution of the in-
flammation in the segments that remain affecte and their associated 
inflammation intensity in relationship to clinical outcomes, should 
be looked at. It may be that histological regression in patients with 
similar degrees of inflammation in the remaining affected segments 
does in fact impact on clinical outcomes.

In conclusion, we demonstrate that segmental histological nor-
malisation occurs in UC and is associated with younger age of 
diagnosis and current cigarette smoking. We confirm the benefit of 
achieving complete histological normalisation, and demonstrate that 
partial or segmental normalisation of disease in any pattern is not 
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associated with improved clinical outcomes. In addition, normalisa-
tion does not always occur in a proximal to distal fashion and results 
in complete left-sided normalisation with residual right-sided disease 
activity in less than 0.2% of patients. This suggests that, if left co-
lonic biopsies are taken, flexible sigmoidoscopy is adequate to deter-
mine histological healing and prognosticate future risk of relapse in 
almost all cases of UC.
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2.4  HISTOLOGIC HEALING IS MORE STRONGLY ASSOCIATED WITH CLINICAL 

OUTCOMES IN ILEAL CROHN’S DISEASE THAN ENDOSCOPIC HEALING 

 

It has been demonstrated that mucosal healing in CD improves outcomes, however there is 

little research on histology in CD. This paper explores whether histologic healing occurs in 

CD. Due to the patchy nature of CD and the difficulty in studying histology in these patients 

we focused only on patients with ileal CD. We demonstrated that histologic healing does occur 

in patients with ileal CD and is a stronger predictor of improved clinical outcomes on follow-

up when compared to mucosal healing.  

  



Histologic Healing Is More Strongly Associated with Clinical
Outcomes in Ileal Crohn’s Disease than Endoscopic Healing
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BACKGROUND & AIMS: Deep remission, based on clinical remission and evidence of healing during endoscopic eval-
uation, are goals of medical treatments for Crohn’s disease (CD). We investigated whether
histologic healing is associated with outcomes of patients with CD ileitis.

METHODS: We performed a retrospective study of 101 patients with CD (52% male) isolated to the ter-
minal ileum who had a colonoscopy between September 2005 and June 2015. Our analysis
included patients in clinical remission at colonoscopy who had biopsies collected from colon
and ileum. The ileum was evaluated for endoscopic healing (no ulceration) and histologic ev-
idence of healing (no active inflammation, erosions, ulceration, or neutrophil infiltration). We
compared times of clinical relapse-free survival, medication escalation, corticosteroid use, or
hospitalization secondary to disease activity between patients with and without histological
and endoscopic healing, followed for a median 21 months. We identified factors associated with
survival using Kaplan Meier analysis and Cox proportional hazard model.

RESULTS: At ileo-colonoscopy, 63% of patients had endoscopic healing and 55% had histologic evidence
of healing. The level of agreement between endoscopic and histologic activity was fair (62%,
K [ 0.2250, P [ .0064). Forty-two patients had clinical relapse, 45 had medication escalation,
30 required corticosteroids, and 17 were hospitalized (3 required surgery). On multivariate
analysis, only histologic healing was associated with decreased risk of clinical relapse (hazard
ratio [HR], 2.05; 95% CI, 1.07–3.94; P [ .031), medication escalation (HR, 2.17; 95% CI, 1.2–
3.96; P [ .011), and corticosteroid use (HR, 2.44; 95% CI, 1.17–5.09; P [ .018). No factors were
associated with hospitalization.

CONCLUSIONS: In patients with ileal CD in clinical remission, histologic healing but not endoscopic healing is
associated with decreased risk of clinical relapse, medication escalation, or corticosteroid use.

Keywords: Inflammatory Bowel Disease; Mucosal Healing; Histology; Histopathology; Prognostic Factor.

See editorial on page 2430; See related article on
page 2510.

In patients with Crohn’s disease (CD), persistent
inflammation leads to bowel damage. Cumulative

bowel damage, described as progressing from inflam-
matory to stricturing and then to a penetrating pheno-
type, may predict long-term disability and can lead to
clinical symptoms and need for surgery.1

Historically, treatment of CD aimed to control clinical
symptoms. However, clinical symptoms poorly correlate
with endoscopic mucosal disease activity, and resolution
of symptoms alone fails to alter this natural progression
of CD and cumulative bowel damage.2 On the other hand,
mucosal healing is associated with better long-term

outcomes; patients who achieve mucosal healing have
lower rates of hospitalization and surgery and are less
likely to have a clinical flare on follow-up.3–6 Therefore,
deep remission, defined as clinical remission and endo-
scopic healing without bowel ulceration, has emerged as
the recommended goal of treatment therapy.7,8

Histologic inflammation may persist in the setting of
mucosal healing. In UC, histologic inflammation is a

Abbreviations used in this paper: CD, Crohn’s disease; EH, endoscopic
healing; HBI, Harvey-Bradshaw Index; HR, hazard ratio; IGHAS, Ileal
Global Histological Disease Activity Score; IQR, interquartile range; UC,
ulcerative colitis.
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stronger predictor of clinical flares, corticosteroids use,
and hospitalization for disease activity than mucosal
healing.9,10 In addition, histologic normalization has been
associated with improved long-term clinical outcomes
when compared with histologic quiescence.11 This has
led to suggestions that histologic assessment in UC
should be used as an adjunct to mucosal disease
assessment in standard care.11,12

The role of histologic assessment in CD has been
poorly explored. Despite the recent appreciation for the
value of endoscopic assessment in CD, there is little ev-
idence as to whether microscopic examination of the
mucosa adds any further prognostic information. Histo-
logic healing is achievable in CD,13,14 but because of the
patchy nature of the disease, it is often believed that
histologic assessment is subject to too much biopsy bias
and is too difficult to study.15 In addition, there is
currently no consensus on the use of a specific scoring
system when assessing histologic changes in CD.

The aims of this study were to explore whether histo-
logic healing (Supplementary Table 1) provides any further
prognostic information in regard to clinical outcomes, hos-
pitalization, and medication escalation in patients with ileal
CD when compared with endoscopic healing (EH) alone.

Methods

An exploratory retrospective case-control study of pa-
tients with CD limited to the terminal ileumwas performed
and was approved by the Institutional Review Board
(IRB13-1063). All patients who underwent colonoscopy
for CD at the University of Chicago between September
2005 and June 2015 were identified. For patients with a
confirmed diagnosis of CD based on clinical and histologic
information, the electronic medical record was then
reviewed. Inclusion criteria comprised a colonoscopy to
the terminal ileum, biopsies of both the colon and terminal
ileum with disease limited to the terminal ileum both
macroscopically and microscopically throughout the
duration of their disease, clinical remission at the time of
the colonoscopy, and�6 months of clinical follow-up after
colonoscopy. Patients with inadequate documentation,
inflammation present in the colon, undergone a colectomy,
or confirmed Clostridioides difficile infection at the time of
follow-up colonoscopy were excluded.

Medical Records Abstraction

Endoscopy reports were retrieved through an elec-
tronic documentation system (Provation, Minneapolis,
MN). Demographic, clinical, histologic, and biochemical
data were collected from the electronic medical record
system (EPIC, Verona, WI), including date of disease
onset, disease duration, smoking history, CD phenotype
according to Montreal classification (B1, inflammatory;
B2, stricturing; B3, penetrative), disease location (ileal
disease only included), and previous and current use of

anti-inflammatory agents and/or immunosuppressant
therapy (steroids, immunomodulators, anti–tumor ne-
crosis factor agents) at the time of colonoscopy.

Endoscopic Assessment

An academic IBD expert gastroenterologist with
minimum of 5 years of experience performed all endos-
copies, during which endoscopic photographs were ob-
tained from each bowel segment, with targeted photos of
the areas of endoscopic activity. As per the inclusion
criteria, patients could not have evidence of past or
present colonic CD. Consistent with recent large clinical
trials and the STRIDE guidelines, EH was defined as the
presence of no mucosal ulceration including aph-
thae,12,16,17 which was confirmed by both the endoscopic
report and photographic evidence.

Histologic Assessment

Within the unit, mucosal biopsies from both the ileum
and colon are routinely taken targeting the area of most
significant mucosal inflammation. Patients were excluded
if there was histologic evidence of CD in the colon.

The histopathology reports from all diagnostic,
screening, and surveillance endoscopic biopsies con-
tained in the patient’s electronic medical records were
reviewed. Two pathologists (J.R.T., J.H.) who specialize in
gastrointestinal histology and whose agreement has been
previously described18 routinely assessed all biopsies
and reported the worst affected area. There are several
histologic scoring schemes that have been used in CD;
however, none of these have been validated.19–21

In the absence of a validated histologic grading score
in CD, histologic healing was assessed by using a modi-
fied Ileal Global Histological Disease Activity Score
(IGHAS).14 The IGHAS is the most commonly used his-
tologic index in CD and assesses and scores 2 features of
chronicity (architectural changes and infiltration of

What You Need to Know

Background
Deep remission, based on clinical remission and ev-
idence of healing on endoscopic evaluation are goals
of medical treatments for Crohn’s disease (CD).

Findings
In patients with ileal CD in clinical remission, histo-
logic healing, but not endoscopic healing, indicates
that patients have decreased risk of clinical relapse,
medication escalation, or corticosteroid use.

Implications for patient care
Patients in remission from CD should be evaluated
for histologic evidence of healing.
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mononuclear cells in the lamina propria) and 5 features
of activity (epithelial damage, polymorphonuclear cells in
the lamina propria, polymorphonuclear cells in the
epithelium, presence of erosions and/or ulcers, epithelial
granuloma). For the purposes of the current study, his-
tologic assessment was dichotomized to histologic heal-
ing, where none of the features of activity above were
present, and histologic activity, where 1 or more of the
features were present. Severity of inflammation was not
scored, as stated in Supplementary Table 1.

Assessment of Clinical Outcomes

At every patient clinic visit at the University of Chicago,
the Harvey-Bradshaw Index (HBI) is calculated.22 All pa-
tients who were in clinical remission at the time of the
colonoscopy, defined as HBI �4, and who had �6 months
of follow-up were included. Clinical relapse-free survival,
medication escalation–free survival, corticosteroid-free
survival, and hospitalization-free survival were calcu-
lated and defined as time from colonoscopy to event.
Clinical relapsewas defined at clinical follow-up asHBI>4
that resulted in alteration or addition of medical therapy,
hospitalization, or surgery. Escalation of medication was
defined as need for a course of corticosteroid or change in
medication maintenance including change of biologic
agent or escalation of dose, addition or change of immu-
nomodulator in combination therapy for CD, or escalation
from immunomodulator to biologic agent. Corticosteroid
use was defined as the requirement for an increase in
dosage or new course of oral corticosteroids including
budesonide for active CD symptoms. Hospitalization was
recorded if required for disease activity or refractory
disease including need for surgery.

Statistical Analysis

Continuous variables were summarized by using
medians and interquartile ranges (IQRs). Categorical
variables were expressed as the percentage and number
of cohort. Cohen’s kappa coefficient (k) was calculated to
measure agreement between endoscopic and histologic
activity.

Kaplan-Meier analyses were performed to compare
clinical relapse-free survival, medication escalation–free
survival, corticosteroid-free survival, and
hospitalization-free survival in those with and without
EH and with and without histologic healing. Univariate
and multivariate Cox proportional hazard regression
analysis was performed to identify predictors of clinical
relapse, medication escalation, corticosteroid use, and
hospitalization. All variables with P values �.10 on uni-
variate analysis were retained and integrated into the
multivariable models. A two-sided P value of .05 or less
was considered statistically significant. All data analyses
were performed by using Stata 12.0 (StataCorp, College
Station, TX).

Results

Patients

Of 1287 patients with documented CD and a colo-
noscopy, 150 fulfilled entry criteria with disease limited
to the terminal ileum, normal colonoscopic biopsies, and
evaluable biopsies from the ileum. Of these, 101 were in
clinical remission at the time of colonoscopy and were
included in the study (Figure 1).

The patients’ demographics and clinical characteris-
tics are shown in Table 1. Fifty-two percent of patients
were male, with median age of diagnosis of 25 years and
median duration of disease at time of colonoscopy of 12
years. Eighty-six percent of patients had 2 or more sets
of biopsies taken of the terminal ileum. At colonoscopy,
64 patients (63%) had EH, and 55% had achieved
histologic healing. The level of agreement between
endoscopic activity and histologic activity was fair at
62% (k [ 0.2250; P ¼ .011).

Clinical Relapse-Free Survival

Median follow-up time was 21 months (IQR, 12–40).
Clinical relapse occurred in 42% of patients (n ¼ 42)
after median time of 16 months (IQR, 7–26). As shown in
Figure 2, patients with EH and histologic healing were
less likely to experience clinical relapse (Figure 2A and
B). By univariate analysis, no other factors were associ-
ated with improved clinical relapse-free survival
(Table 2). By multivariable analysis, only histologic ac-
tivity remained associated with clinical relapse-free
survival with hazard ratio (HR) 2.05 (1.07–3.94; P ¼
.031; Table 2). EH did not independently predict a lower
rate of clinical relapse.

Medication Escalation–Free Survival

The medication regimen was escalated in 45% of
patients (n ¼ 45), two of whom were in clinical
remission but had moderate or severe endoscopic
disease activity on colonoscopy. Thirty-two patients
required a course of oral corticosteroids (budesonide
or prednisolone), 19 required a new biologic agent, 1
had escalation of biologic agent dosing, and 6 patients
had an immunomodulator added to their biologic
therapy. Patients with histologic healing were less
likely to have medication escalation (Figure 2C). EH
was not significantly associated with a lower rate of
medication escalation (Figure 2D). The only factor
associated with improved medication escalation–free
survival was the achievement of histologic healing
compared with histologic activity, with HR 2.17
(1.20–3.96; P ¼ .011) on univariate analysis and HR
2.08 (1.14–3.80; P ¼ .017) on multivariable analysis
(Table 2).
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Corticosteroid-Free Survival

Patients with histologic healing, but not EH, were less
likely to have a requirement for salvage therapy with
corticosteroids (Figure 3A and B). By univariate and
multivariable analyses, the only factor associated with
corticosteroid-free survival was the achievement of his-
tologic healing compared with histologic activity (HR
2.44 [1.17–5.09]; P ¼ .018; Table 2).

Hospitalization-Free Survival

Seventeen percent of patients (n ¼ 17) were hospi-
talized, and 3 patients proceeded to ileocecectomy.
Because of small numbers, predictors of surgery could
not be analyzed. No factor was associated with
hospitalization-free survival. EH and histologic healing
did not protect from hospitalization on follow-up
(Figure 3C and D).

Discussion

Recently, there has been increased emphasis placed
on objective markers of disease activity. In CD particu-
larly, the association with clinical symptoms and bowel
damage is poor.3 This may, in part, explain why despite
the advent of many new therapies, the natural history of
the disease has barely changed up until recently.23

Recently, expert consensus has stated that the target of
treatment for CD should be EH, as defined by lack of
ulceration, to attempt to prevent ongoing bowel dam-
age.12 Unlike UC, where histologic healing has been
defined as an adjunct to EH24 and the combination of
both has been proposed as a new endpoint of interest,25

the role of histology in CD beyond diagnosis is poorly
defined. In the current exploratory study, the prognostic
value of histology in patients with CD restricted to the
ileum has clearly shown that histologic remission is
associated with superior clinical relapse–free survival
and reduced need for medication escalation and corti-
costeroids. Moreover, the results indicate the poor per-
formance of EH alone as a prognostic predictor.

As in UC, this study demonstrates that there is a
disparity between EH and histologic remission. We found
that the level of agreement between endoscopic activity
and histologic activity was only fair at 63% (k ¼ 0.2250).
Microscopic inflammation persisted in 36% of those who
achieved EH. This is similar to previous reports of
persistent microscopic inflammation in the setting of EH
between 25% and 37%8,26 and emphasizes the need to
consider histologic outcomes separate to endoscopic
measures of remission in CD.

Several studies have demonstrated the effect of
medical therapy on histologic healing in patients with
CD; azathioprine, methotrexate, and the biologics can all

Figure 1. Flowchart of patients included in the study. CD,
Crohn’s disease.

Table 1. Clinical Characteristics at Baseline

Baseline characteristics (N ¼ 101)

Patients with histologic healing
N ¼ 56

Patients without histologic healing
N ¼ 45

Median (IQR) or percentage (n)

Age at diagnosis of CD (y) 24 (16–31) 27 (19–34)
Gender (male) 48% (n ¼ 27) 58% (n ¼ 26)
Duration of disease (y) 14 (9–25) 9 (3–19)
Disease phenotype

B1 (inflammatory) 14% (n ¼ 8) 38% (n ¼ 17)
B2 (stricturing) 61% (n ¼ 34) 40% (n ¼ 18)
B3 (penetrating) 25% (n ¼ 14) 22% (n ¼ 10)

Medications at time of colonoscopy
Oral prednisolone/budesonide 20% (n ¼ 11) 18% (n ¼ 8)
5-Aminosalicylic acid 9% (n ¼ 5) 11% (n ¼ 5)
6-Mercaptopurine/azathioprine 45% (n ¼ 25) 38% (n ¼ 17)
Methotrexate 11% (n ¼ 6) 9% (n ¼ 4)
Anti–tumor necrosis factor 32% (n ¼ 18) 31% (n ¼ 14)
Ustekinumab 2% (n ¼ 1) 0% (n ¼ 0)
Vedolizumab 7% (n ¼ 4) 4% (n ¼ 2)

Endoscopic healing 73% (n ¼ 41) 51% (n ¼ 23)

CD, Crohn’s disease; IQR, interquartile range.
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result in histologic healing.13,14,16,17,27 A subanalysis of
13 patients from the ACCENT 1 study established that
histologic improvement after 54 weeks of infliximab was
associated with a consistent decrease in the expression
of inflammatory markers including CD68 and gelatinase
B in the colonic mucosa.28 The relationship of histology
to chance of relapse was explored in a study of 46 pa-
tients with Crohn’s colitis undergoing surveillance colo-
noscopy, and histology and/or active mucosal disease
did not predict chance of relapse.20 This study also found
similar lack of association in patients with UC. However,
a recent article on 62 CD patients in clinical remission
demonstrated that histologic inflammation was strongly
associated with an increased risk of clinical flares within
1–2 years and that endoscopic activity alone did not
predict clinical flares on follow-up.19 Two recent studies
have also specifically examined the link between histo-
logic remission and outcomes in UC and found that his-
tologic disease activity was linked to an increased chance
of clinical relapse. Bryant et al10 demonstrated that his-
tologic remission predicted reduced corticosteroid use
and episodes of acute severe colitis requiring hospitali-
zation in a cohort of 91 patients with UC during a period
of 6 years. In a large cohort of 310 patients from Chicago,
histologic normalization was also found to be achievable,
and this predicted a lower chance of clinical relapse
during the ensuing 16 months.11 Because of such studies,
routine histologic assessment is now recommended in

UC.12 This exploratory study on ileal CD demonstrates
that histologic assessment in CD patients is also clinically
relevant, despite the patchy nature of the disease.
Therefore, we recommend that routine ileal biopsies be
obtained when patients with terminal ileal disease are
being assessed.

As we strive to achieve deeper markers of disease
control, histologic healing may emerge as a treatment
target in CD. However, this aspiration raises several is-
sues. Dichotomously scoring the histopathology of indi-
vidual biopsies as healed versus inflamed by using the
criteria applied in the current study should be relatively
easy, as opposed to scoring the severity of inflammation.
It is the patchy nature of inflammation in CD with the
implications around what should be defined as healed
that provides the uncertainty and controversy. Studies of
where the biopsies should be taken and how many are
needed to confidently make such a decision are required
so a validated and reproducible histologic index can be
established. Despite this, the results of the current study
have clearly demonstrated that the goal of gaining
meaningful prognostic information from assessing his-
tologic healing in the terminal ileum is achievable.

Even if these guidelines existed, it is as yet unclear
whether it is even possible to achieve histologic healing
in the majority of patients or whether treating our pa-
tients more aggressively with medical therapy will
improve rates of histologic healing. Hence, although

Figure 2. Kaplan-Meier analysis of effect of endoscopic and histologic activity on (A) clinical relapse-free survival versus
histologic healing, (B) clinical relapse-free survival versus endoscopic healing, (C) medication escalation–free survival versus
histologic healing, and (D) medication escalation–free survival versus endoscopic healing.

2522 Christensen et al Clinical Gastroenterology and Hepatology Vol. 18, No. 11



histologic healing might provide prognostic information,
at this stage it cannot be recommended as a target on
which therapeutic decisions in patients with ileal disease
can be made. Although those who have a healed ileum
have a better clinical outlook, whether this group who
achieve this level of deeper remission need less stringent
follow-up or monitoring or are less likely to have disease
that progresses to a stricturing or penetrating phenotype
requires further study.

CD causes chronic transmural inflammation of the
gastrointestinal tract. There is evidence that patients
who achieve transmural healing also have more favor-
able clinical outcomes on follow-up compared with pa-
tients who achieve EH alone.29 It is unclear whether
transmural inflammation persists in the setting of his-
tologic healing as demonstrated on mucosal biopsies or
whether achieving the potentially even deeper target of
transmural healing could result in further improvement
in clinical outcome compared with histologic healing
alone, but this should be looked at in future research.

There are several limitations to this study. First, this is
a retrospective analysis with a relatively small sample size,
and there may be inaccuracies in data collection that affect
results. The extensive experience of the involved clinicians
and the overlapping data sources (electronic records,
endoscopy records, and pathology reports) aim to mini-
mize this limitation, but those patients in prolonged clin-
ical remission may not be included because of not having
had a colonoscopy or endoscopic biopsies. Second, the
generalizability of the data is also uncertain; this is a
single-center study based in a tertiary hospital setting
where experts in the area of inflammatory bowel disease
manage patients. Third, the findings are currently

applicable only to patients with ileal CD. The patchiness of
the disease makes histologic studies in patients with
colonic or ileocolonic disease challenging. In the same way,
however, the restriction to terminal ileal disease was a
strength of the current study because it aimed to examine
a concept with clearly positive results. It provides the
impetus to expand the work to more extensive disease to
determine whether normalization of histology has prog-
nostic value as it does in ileal disease and UC. Fourth, even
though the current histologic scale was not assessing
severity of inflammation but rather the normality of bi-
opsies, its application and reproducibility have not un-
dergone independent validation. Because there are
currently no validated histologic indices in CD, we focused
on the absence of an active inflammatory infiltrate to
represent the absence of histologic activity. The presence
of acute inflammation, which is of clinical significance, is
simple and reproducible and is the outcome that has been
reported to improve after biologic treatment in previous
CD trials.14,16,17 Fifth, the use of clinical remission as an
inclusion criterion for this study also has its own limita-
tions. Patients with both histologic healing and EH may
have clinical symptoms, so not all patients with EH would
be included in this study. In addition, it is unclear what
percentage of patients had an inflammatory relapse
because the outcomes analyzed were clinical relapse and
need for steroids or medication escalation, which may
have occurred in some patients who had worsening
symptoms despite no increase in inflammatory burden.
Finally, it is noted that biomarker assessment at time of
colonoscopy would strengthen this study and that future
prospective studies should include calprotectin, C-reactive
protein assessment, and perhaps intestinal ultrasound to

Table 2. Univariable Predictors of Clinical Outcome Measures in Patients With Crohn’s Disease

Variable

Clinical relapse,
n ¼ 42a

HR (95% CI), P value

Medication escalation,
n ¼ 45a

HR (95% CI), P value

Corticosteroid
requirement, n ¼ 32a

HR (95% CI), P value

Hospitalization for severe
disease, n ¼ 17a

HR (95% CI), P value

Age at diagnosis of
CD (y)

0.98 (0.95–1.01), .196 0.98 (0.95–1.00), .127 0.98 (0.95–1.01), .204 0.98 (0.94–1.03), .463

Sex (male) 0.66 (0.36–1.23), .197 0.60 (0.32–1.09), .095 0.65 (0.32–1.32), .239 0.49 (0.18–1.36), .171
Disease duration (y from

diagnosis to colonoscopy)
0.99 (0.97–1.02), .569 0.99 (0.97–1.01), .656 0.99 (0.96–1.02), .637 1.00 (0.96–1.04), .980

Penetrative vs inflammatory
(B2 v sB1)

0.78 (0.39–1.58), .493 0.89 (0.44–1.76), .729 1.08 (0.45–2.59), .860 1.95 (0.43–8.90), .391

Stricturing vs inflammatory
(B3 vs B1)

0.44 (0.16–1.20), .111 0.45 (0.17–1.22), .120 0.62 (0.19–1.99), .422 1.06 (0.17–6.56), .947

Maintenance therapy
- 5-ASA 1.21 (0.48–3.11), .682 1.13 (0.44–2.88), .794 0.90 (0.27–2.97), .861 1.8 (0.24–4.76), .923
- Immunomodulator 0.66 (0.35–1.25), .202 0.73 (0.39–1.36), .327 0.62 (0.30–1.27), .193 0.41 (0.13–1.25), .117

On oral corticosteroids at
endoscopy

1.50 (0.73–3.05), .267 1.20 (0.47–3.05), .703 1.34 (0.47–3.88), .578 1.29 (0.29–5.72), .737

Ongoing histologic activity 2.31 (1.24–4.31), .008b 2.17 (1.20–3.96), .011b 2.36 (1.16–4.81), .018b 1.27 (0.47–3.43), .636
Ongoing endoscopic activity 1.87 (1.01–3.45), .046b 1.64 (0.91–2.99), .102 1.39 (0.68–2.85), .369 0.97 (0.35–2.67), .951

5ASA, 5-Aminosalicylic acid; CD, Crohn’s disease; HR, hazard ratio.
aCox regression univariate analyses presented.
bP value �.05 considered significant.
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determine how they compare with histologic and endo-
scopic assessment alone.

In conclusion, we have demonstrated in patients with
CD restricted to the terminal ileum the potential for
histologic healing to act as a prognostic marker. It is
associated with improved clinical outcomes, less chance
of clinical relapse, and decreased need for medication
escalation. We propose that histologic assessment of
healing should be part of endoscopic assessment in CD.
However, there is a clear need for standardized and
validated histologic indices in CD, and the prognostic
value of their application to CD affecting the colon and
rectum requires evaluation.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
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References
1. Pariente B, Cosnes J, Danese S, et al. Development of the

Crohn’s disease digestive damage score, the Lemann score.
Inflamm Bowel Dis 2011;17:1415–1422.

2. Cosnes J, Cattan S, Blain A, et al. Long-term evolution of disease
behavior of Crohn’s disease. Inflamm Bowel Dis 2002;8:244–250.

3. Solem CA, Loftus EV Jr, Tremaine WJ, et al. Correlation of
C-reactive protein with clinical, endoscopic, histologic, and
radiographic activity in inflammatory bowel disease. Inflamm
Bowel Dis 2005;11:707–712.

4. Rutgeerts P, Diamond RH, Bala M, et al. Scheduled mainte-
nance treatment with infliximab is superior to episodic treatment
for the healing of mucosal ulceration associated with Crohn’s
disease. Gastrointest Endosc 2006;63:433–442, quiz 464.

5. Schnitzler F, Fidder H, Ferrante M, et al. Mucosal healing pre-
dicts long-term outcome of maintenance therapy with infliximab
in Crohn’s disease. Inflamm Bowel Dis 2009;15:1295–1301.

6. Rutgeerts P, Feagan BG, Lichtenstein GR, et al. Comparison of
scheduled and episodic treatment strategies of infliximab in
Crohn’s disease. Gastroenterology 2004;126:402–413.

7. Colombel JF, Rutgeerts PJ, Sandborn WJ, et al. Adalimumab
induces deep remission in patients with Crohn’s disease. Clin
Gastroenterol Hepatol 2014;12:414–422 e5.

8. Molander P, Sipponen T, Kemppainen H, et al. Achievement of
deep remission during scheduled maintenance therapy with
TNFalpha-blocking agents in IBD. J Crohns Colitis 2013;
7:730–735.

9. Riley SA, Mani V, Goodman MJ, et al. Microscopic activity in
ulcerative colitis: what does it mean? Gut 1991;32:174–178.

10. Bryant RV, Burger DC, Delo J, et al. Beyond endoscopic
mucosal healing in UC: histological remission better predicts
corticosteroid use and hospitalisation over 6 years of follow-up.
Gut 2016;65:408–414.

11. Christensen B, Hanauer SB, Erlich J, et al. Histologic normali-
zation occurs in ulcerative colitis and is associated with

Figure 3. Kaplan-Meier analysis of effect of endoscopic and histologic activity on (A) corticosteroid-free survival versus his-
tologic healing, (B) corticosteroid-free survival versus endoscopic healing, (C) hospitalization-free survival versus histologic
healing, and (D) hospitalization-free survival versus endoscopic healing.

2524 Christensen et al Clinical Gastroenterology and Hepatology Vol. 18, No. 11

http://www.cghjournal.org
https://doi.org/10.1016/j.cgh.2019.11.056
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref1
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref1
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref1
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref1
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref2
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref2
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref2
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref3
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref3
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref3
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref3
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref3
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref4
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref4
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref4
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref4
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref4
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref5
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref5
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref5
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref5
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref6
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref6
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref6
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref6
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref7
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref7
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref7
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref7
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref8
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref8
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref8
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref8
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref8
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref9
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref9
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref9
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref10
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref10
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref10
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref10
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref10
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref11
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref11


improved clinical outcomes. Clin Gastroenterol Hepatol 2017;
15:1557–1564 e1.

12. Peyrin-Biroulet L, Sandborn W, Sands BE, et al. Selecting
Therapeutic Targets in Inflammatory Bowel Disease (STRIDE):
determining therapeutic goals for treat-to-target. Am J Gastro-
enterol 2015;110:1324–1338.

13. Mantzaris GJ, Christidou A, Sfakianakis M, et al. Azathioprine is
superior to budesonide in achieving and maintaining mucosal
healing and histologic remission in steroid-dependent Crohn’s
disease. Inflamm Bowel Dis 2009;15:375–382.

14. D’Haens G, Van Deventer S, Van Hogezand R, et al. Endoscopic
and histological healing with infliximab anti-tumor necrosis
factor antibodies in Crohn’s disease: a European multicenter
trial. Gastroenterology 1999;116:1029–1034.

15. Bryant RV, Winer S, Travis SP, et al. Systematic review: histo-
logical remission in inflammatory bowel disease—is ’complete’
remission the new treatment paradigm? an IOIBD initiative.
J Crohns Colitis 2014;8:1582–1597.

16. Li K, Friedman JR, Chan D, et al. Effects of ustekinumab on
histologic disease activity in patients with Crohn’s disease.
Gastroenterology 2019;157:1029–1031.

17. Danese S, Sandborn WJ, Colombel JF, et al. Endoscopic,
radiologic, and histologic healing with vedolizumab in patients
with active Crohn’s disease. Gastroenterology 2019;
157:1007–1018.e7.

18. Rubin DT, Huo D, Kinnucan JA, et al. Inflammation is an inde-
pendent risk factor for colonic neoplasia in patients with ulcer-
ative colitis: a case-control study. Clin Gastroenterol Hepatol
2013;11:1601–1608 e1–e4.

19. Brennan GT, Melton SD, Spechler SJ, et al. Clinical implications
of histologic abnormalities in ileocolonic biopsies of patients
with Crohn’s disease in remission. J Clin Gastroenterol 2017;
51:43–48.

20. Baars JE, Nuij VJ, Oldenburg B, et al. Majority of patients with
inflammatory bowel disease in clinical remission have mucosal
inflammation. Inflamm Bowel Dis 2012;18:1634–1640.

21. Naini BV, Cortina G. A histopathologic scoring system as a tool
for standardized reporting of chronic (ileo)colitis and indepen-
dent risk assessment for inflammatory bowel disease. Hum
Pathol 2012;43:2187–2196.

22. Harvey RF, Bradshaw JM. A simple index of Crohn’s-disease
activity. Lancet 1980;1:514.

23. Jess T, Riis L, Vind I, et al. Changes in clinical characteristics,
course, and prognosis of inflammatory bowel disease during the
last 5 decades: a population-based study from Copenhagen,
Denmark. Inflamm Bowel Dis 2007;13:481–489.

24. Vuitton L, Peyrin-Biroulet L, Colombel JF, et al. Defining endo-
scopic response and remission in ulcerative colitis clinical trials:
an international consensus. Aliment Pharmacol Ther 2017;
45:801–813.

25. Sands BE, Sandborn WJ, Panaccione R, et al. Ustekinumab as
induction and maintenance therapy for ulcerative colitis. N Engl
J Med 2019;381:1201–1214.

26. Korelitz BI, Sommers SC. Response to drug therapy in Crohn’s
disease: evaluation by rectal biopsy and mucosal cell counts.
J Clin Gastroenterol 1984;6:123–127.

27. Laharie D, Reffet A, Belleannee G, et al. Mucosal healing with
methotrexate in Crohn’s disease: a prospective comparative
study with azathioprine and infliximab. Aliment Pharmacol Ther
2011;33:714–721.

28. Geboes K, Rutgeerts P, Opdenakker G, et al. Endoscopic and
histologic evidence of persistent mucosal healing and correlation
with clinical improvement following sustained infliximab treatment
for Crohn’s disease. Curr Med Res Opin 2005;21:1741–1754.

29. Serban ED. Treat-to-target in Crohn’s disease: will transmural
healing become a therapeutic endpoint? World J Clin Cases
2018;6:501–513.

Reprint requests
Address requests for reprints to: Britt Christensen, MBBS, MPH, The Royal
Melbourne Hospital, Gastroenterology Department, 300 Grattan Street,
Parkville, Victoria, Australia 3050. e-mail: britt.christensen@mh.org.au;
fax: þ61-3-9342-7848.

CRediT Authorship Contributions
Britt Christensen (Conceptualization: Lead; Data curation: Lead; Formal anal-
ysis: Lead; Investigation: Lead; Writing – original draft: Lead; Writing – review &
editing: Lead)

Jonathan Erlich (Data curation: Equal; Writing – original draft: Equal)
Peter R. Gibson (Conceptualization: Equal; Writing – original draft: Equal;

Writing – review & editing: Equal)
Jerrold R. Turner (Validation: Equal; Writing – original draft: Supporting)
John Hart (Validation: Equal; Writing – original draft: Supporting)
David T. Rubin, MD (Conceptualization: Equal; Supervision: Lead; Writing –

original draft: Equal; Writing – review & editing: Equal)

Conflicts of interest
These authors disclose the following: Dr Christensen reports personal fees from
Gilead, Novartis, Janssen, Takeda, Pfizer, and Abbvie, grants from Janssen,
grants from Janssen and Ferring Pharmaceuticals; Dr Gibson reports personal
fees from Allergan, Janssen, MSD, Pfizer, Anatara, Atmo Biosciences, Immunic
Therapeutics, Novozymes, and Takeda, and grants from MSD; Dr Hanauer re-
ports personal fees from AbbVie, Allergan, Amgen, Arena, Bristol Myers Squibb,
Celgene, Celltrion, Genentech, Gilead, GSK, Janssen, Lilly, Merck, Nestle,
Novartis, Pfizer, Progenity,Prometheus, Receptos, Salix, Samsung Bioepis,
Seres Therapeutics, Takeda, Tigenex, UCB Pharma, VHsquared, grants from
AbbVie, Allergan, Amgen, Celgene, Genentech, GSK, Janssen, Lilly, Novartis,
Pfizer, Prometheus, Receptos, Takeda, UCB Pharma; Dr Rubin reports personal
fees from Abbvie, Abgenomics, Allergan Inc, Boehringer Ingelheim Ltd, Bristol-
Myers Squibb, Celgene Corp/Syneos, Check-cap, Dizal Pharmaceuticals
GalenPharma/Atlantica, Genentech/Roche, Gilead Sciences, Ichnos Sciences,
GlaxoSmithKline Group, Janssen Pharmaceuticals, Lilly, Narrow River Mgmt,
Pfizer, Prometheus Laboratories, Reistone, Shire, Takeda, Techlab, Inc, and
grants from Abbvie, Genentech/Roche, Janssen Pharmaceuticals, Prometheus
Laboratories, Shire, Takeda. The remaining authors have nothing to disclose.

Funding
Supported in part by the Digestive Disease Research Core Center of the
University of Chicago (DK42086). Britt Christensen receives support through an
“Australian Government Research Training Program Scholarship”.

October 2020 Histologic Healing in CD 2525

http://refhub.elsevier.com/S1542-3565(19)31396-5/sref11
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref11
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref11
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref12
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref12
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref12
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref12
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref12
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref13
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref13
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref13
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref13
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref13
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref14
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref14
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref14
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref14
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref14
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref15
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref15
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref15
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref15
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref15
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref15
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref16
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref16
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref16
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref16
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref17
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref17
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref17
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref17
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref17
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref18
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref18
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref18
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref18
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref18
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref18
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref19
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref19
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref19
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref19
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref19
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref20
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref20
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref20
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref20
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref21
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref21
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref21
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref21
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref21
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref22
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref22
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref23
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref23
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref23
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref23
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref23
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref24
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref24
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref24
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref24
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref24
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref25
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref25
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref25
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref25
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref26
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref26
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref26
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref26
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref27
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref27
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref27
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref27
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref27
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref28
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref28
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref28
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref28
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref28
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref29
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref29
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref29
http://refhub.elsevier.com/S1542-3565(19)31396-5/sref29
mailto:britt.christensen@mh.org.au


Supplementary Table 1. Criteria Used to Distinguish Histologic Healing From Histologic Activity According to Modifications of
the Ileal Global Histological Disease Activity Score14

Histologic healing Histologic activity

None of the following:
� Lamina propria infiltration by neutrophils
� Epithelial infiltration by neutrophils
� Crypt abscesses
� Erosions
� Ulcerations
� Granulomas

Presence of any of the following:
� Lamina propria infiltration by neutrophils
� Epithelial infiltration by neutrophils
� Crypt abscesses
� Erosions
� Ulcerations
� Granulomas

2525.e1 Christensen et al Clinical Gastroenterology and Hepatology Vol. 18, No. 11
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Part 3: Vedolizumab: A new therapy to improve 
outcomes in IBD 

 

3.1  INTRODUCTION  

 

Part 1 and 2 of this thesis have analysed endoscopic and histologic treatment end-points in IBD. 

Part 3 of this thesis will explore options on how to achieve these endpoints and improve 

outcomes in IBD in a novel fashion. Treatment options are limited in IBD and there is a 

significant therapeutic gap. Anti-TNF therapies were the first biologic available for the 

induction and maintenance of remission in IBD and are still frequently used today. However, 

approximately one third of patients will have primary non-response to an anti-TNF therapy and 

another third will proceed to secondary loss of response.(139) There is therefore a significant 

need for additional therapeutic options to increase the effectiveness of treatment for our 

patients. 

 

Vedolizumab is a monoclonal antibody to alph-4 beta-7 integrin which is involved in 

lymphocyte translocation into the bowel wall. It was approved for use in UC and CD in 2014 

with no real-world data available regarding its efficacy.  

 

This part of the PhD will explore the use of this medication in the real-world and its efficacy 

at inducing and maintaining clinical and endoscopic response and remission in patients with 

IBD. In addition, in the clinical trials it appeared its onset of action was moderate and increasing 

efficacy was seen up to week 14 of treatment. This limits the use of this medication in severe 

disease; we therefore investigated the efficacy and safety of concomitant vedolizumab and a 

calcineurin inhibitors which are fast acting but have limited long-term use in IBD due to side 
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effects. Finally, primary sclerosing cholangitis (PSC) is a debilitating disease associated with 

IBD with limited treatment options. Its pathogenesis has been hypothesized to involve the 

MADACAM-alhpa-4-beta 7 pathway. We therefore explored whether vedolizumab can 

improve liver biochemistry in patients with PSC and IBD. 
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3.2  VEDOLIZUMAB AS INDUCTION AND MAINTENANCE FOR 

INFLAMMATORY BOWEL DISEASE: 12-MONTH EFFECTIVENESS AND 
SAFETY  

 

The major clinical trials demonstrate that vedolizumab is effective and safe at improving 

clinical outcomes in patients with IBD. This study looks at “real-world” data and prospectively 

follows patients utilizing this treatment. In addition, it explores both endoscopic and histologic 

outcomes of patients placed on this therapy, outcomes that were mostly ignored in the pivotal 

clinical trials. We demonstrate that vedolizumab is an effective agent in both UC and CD at 

inducing clinical and endoscopic response and remission. 
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Vedolizumab as Induction and Maintenance for Inflammatory 
Bowel Disease: 12-month Effectiveness and Safety

Britt  Christensen, MBBS,*,†,‡ Ruben J.  Colman, MD,* Dejan  Micic, MD,* Peter R.  Gibson, MBBS,†  
Sarah R.  Goeppinger, BSc,* Andres  Yarur, MD,* Christopher R.  Weber, MD,§ Russell D.  Cohen, MD,* and  
David T. Rubin, MD*

Background: Vedolizumab is approved for moderate to severe Crohn’s disease (CD) and ulcerative colitis (UC). We present prospective, 1-year 
data of the real-world effectiveness and safety of vedolizumab in inflammatory bowel disease.

Methods: Consecutive patients receiving vedolizumab for treatment of UC or CD with at least 14 weeks of follow-up, regardless of outcome, 
were included. Patients had clinical activity scores (Harvey-Bradshaw Index [HBI] or Simple Clinical Colitis Activity Index [SCCAI]) and inflam-
matory markers prospectively measured at baseline and weeks 14, 30, and 52. Clinical response was defined as a reduction ≥3 in HBI or SCCAI, 
clinical remission as HBI ≤4 or SCCAI ≤2, steroid-free remission as clinical remission without the need for corticosteroids, and mucosal healing 
(assessed at 6 months) as a Mayo endoscopic subscore of 0 or 1 or CD-SES <3.

Results: A total of 132 patients were included: 61 (45%) male, 94 (71%) with CD, 42 (29%) with UC; 22% and 34% of CD and UC patients, re-
spectively, achieved steroid-free remission by week 14. This increased to 31% in CD patients and plateaued at 35% in UC patients at 12 months. 
Increasing remission rates to 6 months were seen in patients with CD, but minimal improvements after 3 months of therapy occurred in those 
with UC. Mucosal healing was achieved in 52% of UC and 30% of CD patients. Most adverse events were minor; 74% remained on vedolizumab 
at 12 months.

Conclusions: In this real-world study, vedolizumab demonstrated similar efficacy and safety seen in pivotal trials, with sustained clinical re-
sponse in the majority of patients. Similar rates of response were seen in UC and CD patients.

Key Words:  vedolizumab, inflammatory bowel disease, alpha-4 integrin inhibitors, response to therapy, biological therapy

INTRODUCTION
Current treatment goals for patients with Crohn’s disease 

(CD) or ulcerative colitis (UC) include the induction and main-
tenance of clinical remission of the disease and achievement 
of mucosal healing.1 Anti–tumor necrosis factor (TNF)–α 
therapies are highly efficacious in the treatment of inflamma-
tory bowel disease (IBD), and their availability has dramatic-
ally changed the treatment algorithm of IBD. However, despite 
their effectiveness, alternative therapies to anti-TNFα agents 
are essential, as a number of patients do not respond to these 
therapies and their use has been associated with loss of response 
and adverse effects such as infections and malignancy.2, 3

For intestinal inflammatory disease in patients with 
IBD, anti-integrin therapies target the adhesion and migra-
tion of leukocytes across the endothelium of inflamed tissues, 
and they are effective and safe in placebo-controlled trials.4–6 
Vedolizumab is a selective humanized immunoglobulin G1 
monoclonal antibody to α4β7 integrin that modulates gut 
lymphocyte trafficking7 and has been approved by regulatory 
agencies in the United States, Europe, and Australia for use 
in moderate to severe CD and UC. To date, experience with 
real-world drug utilization and exposure has been limited to 
either short-term clinical follow-up, retrospective data, or data 
failing to report on endoscopic outcomes,8–13 and there have 
been no real-world reports of histological outcomes.
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Here, we report our real-world vedolizumab experience 
in a high-volume tertiary care setting with patients who were 
followed prospectively for up to 52 weeks. Our aim was to char-
acterize the clinical remission and response rates and durability 
of response while utilizing clinical, endoscopic, and histological 
outcome measures.

MATERIALS AND METHODS

Study Design and Setting
This was a prospective, single-center observational 

cohort study of  adult patients (age 18  years or older) who 
commenced vedolizumab for the treatment of  IBD at the 
University of  Chicago Medicine IBD Center. Consent was 
obtained from consecutive patients initiating vedolizumab 
between its Food and Drug Administration (FDA) approval 
(May 20, 2014)  and August 30, 2015, for the treatment of 
CD or UC. Patients were eligible to be included if  they had 
a confirmed clinical, endoscopic, or histological diagnosis of 
CD or UC. Baseline characteristics were extracted from our 
IBD clinical registry and via chart review. Outcomes were 
collected prospectively at follow-up at weeks 14, 30, and 52. 
Patients who had at least 14 weeks of  follow-up at University 
of  Chicago Medicine from their first vedolizumab infusion, 
whether still maintained on vedolizumab or not, were included 
in the final analysis. Endoscopic reports at our center rou-
tinely include documentation of  extent and severity of  find-
ings as described in the Simple Endoscopic Score for Crohn’s 
disease (SES-CD) and the Mayo Endoscopic Subscore (Mayo 
score).

Intervention
All patients received vedolizumab according to the FDA-

approved dosing regimen for IBD. Under this protocol, 300 mg 
of vedolizumab is administered via intravenous infusion over 30 
minutes. Induction dosing occurred at weeks 0, 2, and 6, with 
standard maintenance dosing at 8-week intervals thereafter. 
Concomitant therapy, prior treatment exposure, and changes 
to the vedolizumab maintenance regimen (dose escalation) 
were recorded throughout the study duration. Dose escalation 
of vedolizumab was at the discretion of the treating physician 
and was commenced in patients with clinically active UC or 
CD, in those who were steroid dependent despite 8-weekly ved-
olizumab, and in those with moderate to severe endoscopic dis-
ease activity.

Outcomes
Baseline patient and disease characteristics were recorded, 

and outcomes were evaluated at weeks 14, 30, and 52 of treat-
ment. Clinical disease activity was assessed with the Harvey-
Bradshaw Index (HBI) for CD14 and the Simple Clinical Colitis 
Activity Index (SCCAI) for UC.15 Clinical disease activity was 

defined as an HBI score greater than 4 for CD and a SCCAI 
score greater than 2 for UC.

The primary outcome measure was steroid-free remission 
at week 52, which was defined as clinical remission (HBI score 
of 4 or less for CD and SCCAI score of 2 or less for UC) without 
oral glucorticoids (prednisolone or budesonide). Secondary 
outcomes were clinical response and clinical remission at weeks 
14, 30, and 52, steroid-free remission at weeks 14 and 30, and 
rates of surgery and hospitalization during follow-up. Clinical 
response was defined as a reduction of at least 3 points in either 
HBI or SCCAI or achievement of clinical remission in those 
with clinical disease activity at baseline.

It is routine in our center to perform endoscopic assess-
ment of mucosal healing at 6 months after commencement of 
biological treatment independent of clinical disease activity. 
Endoscopic response was assessed utilizing the SES-CD for CD16 
or Mayo endoscopic subscore for UC patients17 in patients who 
had colonoscopic evaluations at baseline and at 6 months after 
initiation of vedolizumab. In CD, endoscopic improvement was 
defined as a reduction in the SES-CD of >50%, and mucosal 
healing (MH) as an SES-CD score  <3. In UC, endoscopic 
improvement was defined as absolute reduction of ≥1 point in 
the Mayo endoscopic subscore, and MH as a Mayo endoscopic 
subscore of 0 or 1. Biopsies in CD and UC were interpreted by 
an expert gastrointestinal pathologist, and histological inflam-
mation was scored on a 4-point scale as quiescent/normal (0), 
mild (1), moderate (2), or severe (3).18 The highest histological 
score obtained during the examination was used as the repre-
sentative score, and biopsies were targeted from areas of most 
active mucosal disease. Histological improvement was defined 
as an absolute reduction of at least 1 point, and histological 
remission as a score of 0. Additional available clinical outcomes 
were collected from standard of care visits, including laboratory 
values (C-reative protein [CRP] and fecal calprotectin).

At each visit, patients were questioned about adverse 
events including infections, infusion reactions, or other poten-
tial adverse events related to vedolizumab. Adverse events were 
graded as serious if  they resulted in antibiotic treatment, dis-
continuation of vedolizumab, or hospitalization.

Statistical Methods
Patients were analyzed on an intent-to-treat basis, and 

cessation of vedolizumab for any reason, including adverse 
events or loss of response, was considered a treatment fail-
ure with failure to achieve clinical remission from that time 
forward. Descriptive statistics were provided to summarize 
demographic characteristics. Pre-treatment and post-treatment 
clinical activity scores and CRP were compared using the paired 
t test, pre-treatment and post-treatment endoscopic activity 
scores were compared using Wilcoxon signed-rank test,  and 
within-group differences for clinical remission, response, ster-
oid-free remission, and histological outcomes at different time 
points were determined using McNemar’s test. For patients 
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who withdrew therapy prematurely, the last observation from 
the time of treatment failure was carried forward. Agreement 
between mucosal and histological outcomes was determined 
using the kappa statistic. Continuation of vedolizumab was 
compared between CD and UC patients, anti-TNFα-naive 
and non-anti-TNFα-naive patients, and patients on an immu-
nomodulator and those on vedolizumab monotherapy using 
log-rank test and Kaplan-Meier analysis. Variables associated 
with week 52 glucocorticoid-free remission were explored using 
logistic regression. Multivariate analysis was performed on vari-
ables with a P value <0.2 on univariate analysis using backward 
step-wise logistic regression. A 2-sided P value of 0.05 or less 
was considered statistically significant. All data analyses were 
performed using Stata 12.0 (StataCorp, College Station, TX).

Ethical Considerations
The study was approved by the Research Ethics 

Committee at University of Chicago Hospital (Institutional 
Review Board: 14–1371). Written informed consent was 
obtained from all subjects.

RESULTS

Patients
A total of 184 patients were prescribed and received at 

least 1 vedolizumab infusion between May 2014 and August 
2015; 136 patients had reached 14 weeks of follow-up at 
University of Chicago Medicine, consented to have their data 
collected, and were included in this analysis. All 136 were fol-
lowed for at least 14 weeks from their first infusion, 130 had 
available week 30 clinical outcomes, and 113 patients had week 
52 outcomes assessed (Figure 1). The patient baseline charac-
teristics and indications for vedolizumab are shown in Table 1; 
66% (n = 90) of patients had clinically active disease (HBI > 
4 or SCCAI > 2) at vedolizumab commencement. Other indi-
cations for vedolizumab included corticosteroid dependence in 
13% (n  =  18), moderate/severe endoscopic disease activity in 
11% (n = 15), and concerns regarding the safety of prior main-
tenance therapy in 6% (n = 8; natalizumab, n = 7; tacrolimus, 
n = 1).

FIGURE 1. Flow chart of patients included in the vedolizumab study.
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TABLE 1: Baseline Characteristics

Characteristic IBD = 136 CD = 94 Patients UC = 42 Patients

Age, median (IQR), y 39 (28–50) 41 (26–51) 37 (29–45)
Male sex, No. (%) 61 (45) 39 (41) 20 (52)
Body weight, median (IQR), kg 70 (58–84) 68.2 (56–83) 72 (61–88)
BMI, median (IQR), kg/m2 24 (21–28) 24 (21–2) 24 (22–27)
Current smoker, No. (%) 8 (6) 8 (9) 0 (0.0)
Age at diagnosis, median (IQR), y 22 (15–30) 21 (15–30) 27 (20–35)
Duration of disease, median (IQR), y 12 (7–21) 14 (8–24) 9 (5–16)
Family history of IBD, No. (%) 42 (31) 31 (33) 11 (27)
Past surgery for CD, No. (%) — 49 (52) —
Previous C. difficile infection, No. (%) 20 (15) 14 (15) 6 (14)
Disease location, Montreal Classification, No. (%)

— L1: 12 (13) E1: 1 (2)
L2: 28 (30) E2: 11 (26)
L3: 54 (57) E3: 30 (71)
L4: 11 (12) P: 34 (36) —

Clinical disease activity at baseline, No. (%) — HBI:
<5 (remission): 39 (41)

5–7 (mild): 31 (33)
8–16 (moderate): 20 (21)

>16 (severe): 4 (4)

SCCAI:
<3 (remission): 7 (17)

3–6 (mild): 22 (52)
7–10 (moderate): 9 (21)

>10 (severe): 4 (9)
Hb, median (IQR) 13 (12.0–14.3) 12.7 (11.7–14.3) 13.7 (12.5–14.3)
WBC, median (IQR) 7.3 (5.9–9.5) 7.3 (5.8–9.7) 7(5.9–8.5)
Albumin, median (IQR) 4.2 (3.9–4.5) 4.3 (3.9–4.5) 4.1 (3.9–4.4)
Fecal calprotectin (n = 39), median (IQR) 431 (135–951) 414 (113–876) 474 (237–951)
C-reactive protein (n = 97), mean (SD) 13 (25) 12 (17) 14 (36)
Concomitant medications, No. (%)
Oral prednisolone 57 (42)  35 (37)  22 (52)
Oral corticosteroida 76 (56) 48 (51) 28 (67)
Thiopurines 35 (26) 27 (29) 8 (19)
Methotrexate 16 (12) 12 (13) 4 (10)
Calcineurin inhibitor  17 (12)  8 (9)  9 (21)
Prior anti-TNF therapy, No. (%)
Naive 17 (13) 4 (4) 13 (31)
1 failure 40 (29) 22 (23) 18 (43)
>1 failure 79 (58) 68 (72) 11 (26)
Reason for failing anti-TNF therapy, No. (%)
Primary nonresponse 35 (29) 23 (26) 12 (41)
Secondary LOR 52 (44) 40 (44) 12 (41)
Unacceptable side effects 32 (27) 27 (30) 5 (17)
Indication for vedolizumab, No. (%)
Clinical disease activity 90 (66) 55 (59) 35 (83)
Clinical remission 46 (34) 39 (41) 7 (17)
Endoscopic disease activity 15 (11) 14 (15) 1 (2)
Safety concerns natalizumab/tacrolimus 8 (6) 7 (7) 1 (2)
Refractory perianal disease 1 (1) 1 (1) 0 (0)
SE from previous medication 3 (2) 1 (1) 2 (5)
Corticosteroid dependence 18 (13) 15 (6) 3 (7)
Budesonide dependence 9 (7) 7 (7) 2 (5)
Systemic corticosteroid dependence 9 (7) 8 (9) 1 (2)
Maintenance postreversal of diversion 1 (1) 1 (1) 0 (0)

BMI = body mass index; LOR = loss of response; SE = side effect; WBC = white blood cells.
aIncludes budesonide.
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Clinical Response and Remission

Crohn’s disease
In CD patients with clinical disease activity at baseline 

(n = 55, 59%), 58% (n = 32) achieved clinical response by week 
14, 73% (n = 38) by week 30, and 56% (n = 25) had a clinical 
response by week 52. Clinical remission was achieved in 38% 
(n = 21) by week 14, 62% (n = 32) by week 30, and 51% (n = 23) 
by week 52. Steroid-free clinical remission was achieved in 
22% (n = 12) by week 14, 44% (n = 23) by week 30, and 31% 
(n = 14) by week 52. The increase in clinical remission and ster-
oid-free remission rates was significant between weeks 14 and 
30 (P = 0.02), but this cumulative benefit was lost by week 52 
(Figure 2A).

Mean HBI significantly improved from a mean baseline 
score of 8.6 (SD, 4.4) to 5.6 (SD, 3.7) at week 14, 4.7 (SD, 4.2) at 
week 30, and 4.5 (SD, 4.2) at week 52. There was significant im-
provement between week 14 and week 52 but not between week 
14 and week 30 or week 30 and week 52 (Figure 2B).

Of the 39 CD patients in clinical remission at baseline, 
97% (n = 38) maintained remission at week 14, 89% (n = 34) 
by week 30, and 77% (n = 24) maintained remission at week 52; 
53% of patients who were in clinical remission but steroid-de-
pendent achieved corticosteroid-free remission on follow-up.

Overall, 48 patients were receiving glucocorticoids at 
vedolizumab initiation; 27% (n = 13) were steroid-free and 

15% (n = 7) were in steroid-free remission at week 14, 57% 
(n  =  25) were steroid-free and 39% (n  =  18) were in ster-
oid-free remission at week 30, and 48% (n = 19) were ster-
oid-free and 33% (n = 13) were in steroid-free remission at 
week 52.

Ulcerative colitis
In UC patients with clinical disease activity at baseline 

(n = 35, 77%); 63% (n = 22) of  patients achieved clinical re-
sponse by week 14, 59% (n = 20) at week 30, and 52% (n = 16) 
at week 52. Clinical remission was achieved in 51% (n = 18) by 
week 14, 50% (n = 17) at week 30, and 45% (n = 14) were in 
clinical remission at 1 year. Steroid-free remission was achieved 
in achieved in 34% (n = 12) at week 14, 35% (n = 12) at week 
30, and 35% (n = 11) by 1 year. There was no change in rates 
of  remission or response between week 14 and weeks 30 or 52.

Mean SCCAI significantly improved from a baseline of 
6.20 (SD, 2.58) to 3.11 (SD, 2.69) at week 14, 2.94 (SD, 2.79) 
at week 30, and 2.86 (SD, 2.85) at week 52. There was no sig-
nificant improvement between week 14 and week 30 or week 14 
and week 52 (Figure 2D).

Of the 7 UC patients in remission at baseline, 71% (n = 5) 
remained in remission at week 14, 50% (n = 3) at week 30, and 
83% (n = 5) were in remission at 1 year. Of the 3 patients who 
were steroid-dependent at baseline, 1 achieved steroid-free 
remission.

FIGURE 2. Change in clinical and biochemical markers of disease activity after vedolizumab treatment. A, Crohn’s disease clinical response and 
remission rates. *Signifies P < 0.05 when comparing efficacy with week 14, determined using McNemar’s test. B, Mean (SE) Harvey-Bradshaw Index. 
Clinical disease activity continued to improve to 52 weeks. C, Ulcerative colitis clinical response and remission rates. D, Mean SCCAI (SE). Clinical 
activity improved up to week 14 but then appeared to stabilize. E, Mean C-reactive protein (SE) at weeks 0, 14, 30, and 52 in CD patients with ele-
vated CRP at baseline. F, Mean C-reactive protein (SE) at weeks 0, 14, 30, and 52 in UC patients with elevated CRP at baseline.
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Overall, 28 UC patients were receiving oral glucocorti-
coids at vedolizumab initiation; 38% (n = 10) were steroid-free 
and 21% (n = 6) were in steroid-free remission by week 14, 72% 
(n = 13) were steroid-free and 22% (n = 6) were in steroid-free 
remission at week 30, and 35% (n = 9) were steroid-free and 
24% (n = 6) were in steroid-free remission at week 52.

C-reactive reactive protein
Of 74 CD patients with serial C-reactive protein meas-

urements, mean CRP decreased from week 0 to week 52 
(P = 0.021), but not between week 0 and week 14 or week 0 
and week 30. Of 37 patients who had elevated CRP at baseline 
(CRP > 5), 24% (n = 9) normalized their CRP by week 14, 30% 
(n = 11) by week 30, and 41% (n = 15/37) by 1 year. In these 
patients, CRP significantly decreased between week 0 and week 
52 (Figure 2E).

Of  38 UC patients with serial CRP measurements, 
mean CRP did not significantly decrease with treatment; 
31% (n  =  5/16) of  patients with elevated CRP at baseline 
normalized their CRP at week 14, 38% (n  =  6/16) by week 
30, and 44% (n = 7/16) at week 52. Change in CRP in these 
patients significantly decreased between week 0 and week 52 
(Figure 2F).

Mucosal Healing
Sixty-six patients (22 UC, 44 CD) had baseline and 

postinduction endoscopic assessment at a median time of 
6 months (interquartile range [IQR], 5–8). There was no dif-
ference between frequency of endoscopic assessment in those 
who continued vs those who ceased vedolizumab therapy (51% 
who continued vedolizumab to week 52 had endoscopic assess-
ment vs 46% of those who ceased vedolizumab having endo-
scopic assessment, P = NS) or in those who achieved week 52 
steroid-free remission vs those who did not (50% who achieved 
week 52 steroid-free remission underwent endoscopic assess-
ment vs 56% of those who did not achieve week 52 steroid-free 
remission under-went endoscopic assessmemt). Endoscopic 
and histological scores before and after vedolizumab therapy 
are shown in Figure 3, A–D.

Of 44 patients with CD, 43 had active mucosal inflam-
mation at baseline, of which 40% achieved endoscopic im-
provement and 30% MH. There was significant improvement 
in endoscopic activity, with the median SES-CD improving 
from 12 (IQR, 6–15) to 7 (IQR, 1–12; P < 0.001). Thirty-seven 
patients with CD had active histological inflammation at base-
line and follow-up histology; 57% achieved histological im-
provement and 22% histological remission. The improvement 
in histological scores was significant (P  =  0.016). There was 
a strong correlation between mucosal and histological heal-
ing, with a 92% agreement between the 2 outcomes (Κ, 0.79; 
P ≤ 0.001). In the setting of mucosal healing, 72% of patients 
also achieved histological healing, compared with no patients 
achieving histological healing when endoscopic activity was 

present. Patients who achieved MH (81% vs 17%, P < 0.001), 
mucosal improvement (60% vs 20%, P  =  0.010), histological 
improvement (57% vs 8%, P = 0.004), and histological healing 
(86% vs 26%, P = 0.004) had significantly higher rates of ster-
oid-free remission at 1 year.

Of 22 patients with UC, 21 had a Mayo endoscopic 
score  >0, and 18 patients had active endoscopic activity. Of 
these, 57% had endoscopic improvement and 52% achieved 
MH. There was significant improvement of endoscopic activity, 
with the median Mayo score decreasing from 2 (IQR, 2–3) to 
1 (P = 0.011).1–3 Seventeen patients had active histological in-
flammation at baseline and follow-up histology; 69% achieved 
histological improvement and 53% histological remission. The 
improvement in histological score with treatment was signifi-
cant (P = 0.013). There was moderate correlation between mu-
cosal and histological healing, with 79% agreement between 
the 2 outcomes (Κ, 0.57; P = 0.005). In the setting of mucosal 
healing, 75% of patients also achieved histological healing and 
5% (n  =  1) of patients appeared to have endoscopic activity 
despite histological healing. Week 52 steroid-free remission was 
greater in patients who achieved mucosal healing (70% week 52 
steroid-free remission in those who achieved mucosal healing vs 
20% in those who did not achieve mucosal healing, P = 0.025), 
and histological healing (78% week 52 steroid-free remission in 
those who achieved histological healing vs 13% in those who 
did not achieve histological healing, P = 0.0070) was achieved.

Ninety-six percent (n = 24/25) of patients with IBD who 
achieved MH at postinduction colonoscopy continued treat-
ment with vedolizumab, and no patient required surgery at 
follow-up. Of the 42 patients who did not achieve MH, 36% 
ceased vedolizumab therapy and 19% proceeded to colectomy. 
Patients were more likely to continue on vedolizumab therapy 
at week 52 when MH was achieved on colonoscopy (96% vs 
64%, P = 0.003) (Figure 4A).

Vedolizumab Dose Escalation
Forty-three patients (32%: 30 CD, 13 UC) underwent 

dose escalation of vedolizumab to Q4 (n = 40) or Q6 (n = 3) 
weeks; 36 (84%) were dose-escalated for active clinical disease, 
5 (12%) for glucocorticoid dependence, and 2 (5%) for nonheal-
ing perianal disease. At median follow-up of 6 months (IQR, 
4–7 months) after dose escalation, 24 (56%) patients achieved 
clinical remission, of which 12 (26%: 8 CD, 4 UC) achieved glu-
cocorticoid-free clinical remission. Eighteen (42%) patients had 
no clinical response, of which 10 (23%: 6 CD, 4UC) ceased ved-
olizumab. Of the 5 patients who were steroid-dependent before 
dose intensification, 2 (40%) achieved steroid-free remission. 
Neither patient with refractory perianal disease responded to 
the higher dose of vedolizumab.

Predictors of Response to Vedolizumab
Univariate and multivariate predictors of week 52 ster-

oid-free remission are shown in Table 2.
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In patients with CD, predictors of week 52 steroid-free 
remission on univariate analysis were corticosteroid use at base-
line (odds ratio [OR], 0.375; 95% confidence interval [CI], 0.14–
0.99; P = 0.049), lower baseline clinical disease activity score 
(HBI; OR, 0.84; 95% CI, 0.74–0.95; P  =  0.006), and achiev-
ing week 14 clinical remission (OR, 3.13; 95% CI, 1.15–8.49; 
P = 0.026), week 14 steroid-free remission (OR, 4.34; 95% CI, 
1.61–11.69; P = 0.004), week 30 clinical remission (OR, 5.44; 
95% CI, 1.62–18.25; P = 0.006), and week 30 steroid-free remis-
sion (OR, 11.25; 95% CI, 3.71–34.11; P < 0.001).

Use of concomitant immunomodulators (P = 0.97) was 
not associated with week 52 steroid-free remission. Only 1 
patient was anti-TNFα-naive, so this could not be assessed for 
prediction of response to therapy.

Because collinearity between week 14 and week 30 clin-
ical outcomes was demonstrated, week 14 clinical outcomes 

and week 30 clinical remission were removed from the mul-
tivariate analysis. Multivariate analysis demonstrated that 
patients with increased clinical disease severity at baseline 
based on the HBI (adjusted odds ratio [AOR], 0.87; 95% CI, 
0.76–0.99; P = 0.038) were less likely to achieve week 52 ster-
oid-free remission, and achieving week 30 steroid-free remis-
sion (AOR, 9.55; 95% CI, 3.04–29.99; P  <  0.001) predicted 
week 52 steroid-free remission.

In patients with UC, predictors of week 52 steroid-free 
remission included concomitant steroid use when commenc-
ing vedolizumab (OR, 0.12; 95% CI, 0.03–0.59; P  =  0.009), 
achieving week 14 remission (OR, 13.36, 95% CI, 2.33–76.47; 
P  =  0.004), week 14 steroid-free remission (OR, 23.33; 95% 
CI, 3.98–136.80; P < 0.001), week 30 clinical remission (OR, 
13.36; 95% CI, 2.33–76.47; P = 0.004), and week 30 steroid-free 
remission (OR, 38.00; 95% CI, 4.53–318.78; P = 0.001). Being 

FIGURE 3. Endoscopic and histological scores before and after vedolizumab. Pre-treatment and post-treatment SES-CD scores and Mayo endo-
scopic subscores were compared using Wilcoxon signed-rank test and within group differences for histological outcomes were compared using 
McNemar's test. Significance level P < 0.05. A, SES-CD scores in CD patients before and after vedolizumab. B, Histological scores in CD patients before 
and after vedolizumab. C, Mayo endoscopic subscores in UC patients before and after vedolizumab. D, Histological scores in UC patients before and 
after vedolizumab.
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anti-TNFα-naive (P = 0.565) and use of concomitant immu-
nomodulators (P  =  0.706) were not associated with week 52 
steroid-free remission.

Because collinearity between week 14 and week 30 clin-
ical outcomes was demonstrated, week 14 clinical remission and 
week 30 clinical outcomes were removed from the multivariate 
analysis, which demonstrated that only week 14 steroid-free re-
mission independently predicted week 52 steroid-free remission 
(AOR, 23.33; 95% CI, 3.98–136.80; P < 0.001).

Vedolizumab Discontinuation and 
Adverse Events

Thirty-five (26%) patients discontinued vedolizumab: 31 
patients due to nonresponse and 4 due to side effects. There 
was no difference between vedolizumab discontinuation rates 
in patients with CD compared with UC, or among those 

previously exposed to anti-TNFα therapy or on an immuno-
modulator (Figure 4, B–D). Nineteen patients (14%: 11 CD, 8 
UC) required an IBD-related surgery during the 52 weeks of 
follow-up. Surgical procedures included colectomies (n = 15, 
8 UC), stricturoplasty (n  =  1), ileal resection (n  =  1), and 
diverting stoma (n  =  22). Four of  these patients continued 
vedolizumab.

Adverse events are summarized in Table 3. Over the 113 
patient-years of follow-up, there was a total of 11 (9.7 per 
100 person-years of follow-up [PYF]) serious noninfectious 
events and 17 (12.8 per 100 PYF) serious infectious events. Two 
patients discontinued treatment because of an infusion-related 
reaction: 1 described pruritus, swelling of the tongue and throat 
and rash, and 1 patient described severe flu-like symptoms 
and fever. Two patients ceased therapy secondary to an aller-
gic-type rash. Seven patients developed new-onset arthropathy, 

TABLE  2: Univariate and Multivariate Predictors for Week 52 Steroid-Free Remission Following Treatment With 
Vedolizumab

Variables Predicting 
Week 52 Steroid-Free 
Remission

Crohn’s Disease (N = 75) Ulcerative Colitis (N = 37)

Univariate 
Analysis

OR (95% CI) Pa

Multivariate 
Analysis

AOR (95% CI) Pa

Univariate Analysis
OR (95% CI) Pa

Multivariate 
Analysis

AOR (95% CI) Pa

Age of diagnosis, y 0.98 (0.94–1.01) 0.226 1.04 (0.98–1.11) 0.179b

Age commenced Rx, y 1.00 (0.97–1.03) 0.747 1.02 (0.96–1.08) 0.504
Sex 1.31 (0.51–3.35) 0.569 2.67 (0.66–10.70) 0.167b

Disease distribution Colonic vs ileal:
 0.87 (0.18–4.14)

Ileocolonic vs 
ileal:

1.04 (0.25–4.40)

0.856
0.956

Extensive vs left-
sided/ 

proctitis:
0.75 (0.16–3.44)

0.711

Penetrating disease 0.86 (0.29–2.58) 0.790 NA
Oral steroids at baseline 0.375 (0.14–0.99) 0.049a 0.12 (0.03–0.59) 0.009a

On immunomodulatorc 0.98 (0.39–2.47) 0.970 1.33 (0.30–5.96) 0.706
Anti-TNF-naive NA NA 1.52 (0.37–6.29) 0.565
Current smoker 0.48 (0.09–2.63)  0.396 0.91 (0.14–5.78) 0.920
BMI, kg/m2 1.05 (0.97–1.14) 0.254 1.01 (0.89–1.14) 0.928
Clinical score (increase 

in HBI in CD and 
SCCAI in UC)

0.84 (0.74–0.95) 0.006a 0.87 (.76–.99) 0.038a 0.82 (0.66–1.06) 0.139b

Week 14 clinical 
remission

3.13 (1.15–8.49) 0.026a  13.36 (2.33–76.47) 0.004a

Week 14 steroid-free 
clinical remission

4.34 (1.61–11.69) 0.004a 23.33 (3.98–136.80) < 0.001a 23.33 
(3.98–136.90)

< 0.001a

Week 30 clinical 
remission

5.44 (1.62–18.25) 0.006a 13.36 (2.33–76.47) 0.004a

Week 30 steroid-free 
clinical remission

11.25 (3.71–34.11) <0.001a 9.55 (3.04–29.99) <0.001a 38.00 (4.53–318.78) 0.001a

BMI = body mass index.
aSignificance level (significant P < 0.05).
bIncorporated into multivariate analysis as P < 0.2.
cPatients taking either methotrexate, azathioprine, or 6-mercaptopurine when commencing vedolizumab.
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TABLE 3: Adverse Events on Vedolizumab

Event
Patients With Inflammatory Bowel  

Disease (n = 136)
Rate of Occurrence: per 100 Person-years  

of Follow-up

Adverse event: noninfectious
Headache 3 total 2.7 per 100 PYF
Neurological complaints (n = 3) 3 total

-1 paresthesia
-1 eye floaters

-1 photophobia

2.7 per 100 PYF

Paradoxical skin manifestation 6 total 5.3 per 100 PYF
Pruritis 4 total 3.5 per 100 PYF
GI bleed or drop in hemoglobin 4 total 3.5 per 100 PYF
Athralgia 14 total

-7 new-onset arthralgia (1 ceased therapy)
-7 worsening of previous arthralgia

12.4 per 100 PYF

Infusion related reaction 2 total 1.8 per 100 PYF
Cancer 2 BCCs

No other cancer documented
1.8 per 100 PYF

Constipation 5 total 24.6 per 100 PYF
Perianal disease 10 total

-3 new perianal fistula
-1 new entero-vaginal fistula
-5 worsening perianal fistula

-1 worsening hidradenitis

4.4 per 100 PYF

Fatigue 1 0.9 per 100 PYF
Nausea 3 2.7 per 100 PYF
Any serious noninfectious eventa 11 total 9.7 per 100 PYF
Adverse event: infections
Enteric infection 8 total

-6 Clostridium difficile: all responded to oral vancomycin
-1 viral enteritis
-1 CMV colitis

All continued therapy after treatment

7.1 per 100 PYF

Flu or flu-like infection 5 total 4.4 per 100 PYF
URTI 3 total 2.6 per 100 PYF
Sinopulmonary infections 7 total

-2 pneumonia
-1 pharyngitis

-4 sinusitis

6.2 per 100 PYF

Postoperative complications 2 total
-1 postoperative stomal infection with muco-cutaneous 

separation
-1 necrotic abdominal wound after creation of diverting 

stoma

1.8 per 100 PYF

Miscellaneous 4 total
-1 hand-foot-mouth dx
-1 G-tube site infection

-1 herpes zoster
-1 UTI

3.5 per 100 PYF

Sepsis 1 total 0.9 per 100 PYF
Any serious infectiona 17 total 12.8 per 100 PYF

BCC = basel cell carcinoma; CMV = cytomegalovirus; GI = gastrointestinal; URTI = upper respiratory tract infection; UTI = urinary tract infection.
aA serious adverse event or infection was defined as any adverse event when leading to treatment interruption, antibiotic therapy, hospitalization, disability or persistent damage, 
colectomy, or death.
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and 1 required discontinuation of treatment. Two patients were 
diagnosed with basal cell carcinoma, and 4 patients required 
hospitalization for severe anemia or gastrointestinal bleeding, 
2 of which required a blood transfusion. The majority of seri-
ous infections were enteric or sinopulmonary; 6 tested positive 
for Clostridium difficile by polymerase chain reaction assay of 
stool, and all these patients responded to treatment with oral 
vancomycin and remained on vedolizumab. One patient who 
was also receiving prednisolone, budesonide, and methotrexate 
developed Candida glabrata and Staphylococcal epidermitidis 
sepsis. This patient proceeded to colectomy but recommenced 
vedolizumab postoperatively.

DISCUSSION
This study confirms the long-term efficacy of vedol-

izumab in patients with CD and UC at a tertiary medical cen-
ter. Currently, there are limited data on vedolizumab outcomes 
in clinical practice at 1 year.12, 13 Our study differed from previ-
ous reports in that data were collected prospectively and that 
outcomes in patients with UC and both endoscopic and histo-
logical data were included.

We have demonstrated that vedolizumab is effective in 
UC and CD for inducing clinical response and remission, and 
for maintaining remission over 1 year. In both UC and CD, 
vedolizumab achieved steroid-free remission in one-third of 
patients with active disease at 1 year. This outcome was seen 
in patients with complex disease phenotypes, and in those who 
had previously failed biologic therapies. Unique findings for 
both CD and UC included the achievement of  clinical remis-
sion in half  of  the patients at 1 year, maintenance of  remis-
sion over long-term follow-up of  those in clinical remission 
when commencing treatment, and induction of  histological 
improvement and remission. Mucosal and histological heal-
ing was associated with steroid-free remission, and continued 
vedolizumab therapy and dose escalation were appropriate for 
some patients.

Our prospective study demonstrates similar efficacy and 
safety as seen in the pivotal trials,5, 6 but our rates of remis-
sion after induction treatment are higher and similar to those 
reported in previously published cohort studies of week 14 
outcomes.8–12 This is likely due to the fact that we evaluated 
postinduction response and remission after 14 rather than 6 

FIGURE 4. Proportion of patients remaining on vedolizumab during follow-up. A, Patients who achieve MH vs those with mucosal inflammation. B, 
Crohn’s disease vs ulcerative colitis. C, Anti-TNFα-naive vs not anti-TNFα-naive. D, On concurrent treatment with immunomodulator vs not on con-
current immunomodulator.
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weeks, allowing more time for the mechanism of this therapy to 
effect a clinically measurable change. We found that 58% of CD 
patients achieved clinical response, 38% achieved clinical remis-
sion, and 22% achieved steroid-free remission by week 14. This 
is similar to previous cohort studies, with the largest cohort, by 
Amiot et al.,10 demonstrating response rates of 64%, remission 
rates of 36%, and steroid-free remission rates of 31% at week 
14. In our study, clinical remission and steroid-free remission 
significantly increased to a maximum level of 62% and 44%, 
respectively, by week 30 and then plateaued out to 51% and 
31% at week 52. Our rates of steroid-free remission were simi-
lar to that reported by Dulai et al.12 of 34% after 12 months of 
therapy and confirm their findings and those observed in the 
GEMINI trial, that the effectiveness of vedolizumab appears to 
be time-dependent in CD, with greatest benefit appearing after 
6 months of therapy.6, 19

In the current study, UC patients had similar rates of effi-
cacy to CD patients, with 63% achieving clinical response, 51% 
achieving clinical remission, and 34% steroid-free remission by 
week 14. Again, this is similar to that reported in previous cohort 
studies, with Amiot et al.10 demonstrating response rates of 57%, 
remission rates of 39%, and steroid-free remission rates of 36% 
at week 14. Unlike in CD, remission rates in UC patients did not 
vary significantly after 14 weeks of therapy, with clinical remis-
sion and steroid-free remission rates of 50% and 35% at week 
30 and 45% and 35% at week 52, respectively. Our study is the 
first to provide long-term follow-up on UC patients and demon-
strates that, unlike CD, there is no increasing benefit beyond 14 
weeks of follow-up. This is similar to what was demonstrated in 
the Gemini clinical trials and has important clinical implications 
regarding when clinicians should consider alternative mecha-
nisms of management in the nonresponding patient.

Of patients with active endoscopic disease at baseline, 
30% of CD and 52% of UC patients achieved MH with ved-
olizumab therapy. For UC, this is comparable to the results 
of the pivotal trial, which demonstrated rates of 41% for MH 
in induction and 54% in maintenance.5 The pivotal trials for 
CD did not report MH, but a prospective study reported 30%, 
and a retrospective study found that 50% of patients with CD 
achieve MH.8 The latter study had significant limitations due to 
the nonstandardized reporting of MH.

In addition to confirming vedolizumab as an effective 
agent to achieve endoscopic MH in CD patients, this study has 
uniquely demonstrated in both UC and CD, first, that MH is 
associated with continued vedolizumab treatment; second, that 
vedolizumab is effective at achieving histological improvement 
and remission; and third, that the majority of patients who 
achieve mucosal healing will also achieve histological heal-
ing. This is a clinically significant outcome of interest and of 
particular importance given the cellular-based mechanism of 
action of this therapy.

Unique in this study is that we report the benefit of 
dose escalation of  vedolizumab, achieved by decreasing 

the interval between infusions, in both UC and CD. After 
a minimum of  3  months of  dose escalation, 26% of  43 
patients who were dose-escalated for clinical disease activ-
ity subsequently achieved glucocorticoid-free clinical 
remission. This is higher than the 13% reported previously, 
although reports of  clinical response in this retrospective 
study were high (40%).12 This finding supports the notion 
that, similar to our other monoclonal antibodies, increased 
dosing intervals for this therapy are beneficial in some 
patients.

Similar to the considerable safety information from the 
pivotal GEMINI studies and cohort studies,20 we found vedol-
izumab to be very safe and associated with a low side effect pro-
file, with the majority of adverse events being related to enteric 
or sinopulmonary infections or new-onset joint pain. Rarely did 
this result in the requirement of vedolizumab discontinuation.

The major limitations of  our study were the sample 
size, particularly in regards to predictors of  response to ved-
olizumab, and that, despite the prospective nature of  the 
study, some data were missing from patients due to incom-
plete follow-up. In addition, given the tertiary setting and 
the expectation of  this therapy arriving in the US market, 
this patient group likely has more medically resistant dis-
ease than in the general community, which may have under-
estimated the response rates of  vedolizumab in less severe 
patients. Furthermore, as not all patients underwent endo-
scopic assessment, there is a possibility that the rates of 
mucosal healing are overestimated secondary to selection 
bias, with patients deemed primary nonresponders less likely 
to undergo endoscopic assessment. We believe that this bias 
is limited as patients may also have been selected to undergo 
endoscopic assessment when failing vedolizumab and rates 
of  endoscopic assessment were no different in those who 
achieved week 52 steroid-free remission and in those who 
did not. In addition, reassuringly, our rates of  mucosal heal-
ing are similar in UC to the large clinical trials5 but are less 
than those reported in retrospective clinical studies for CD.8 
Finally, the histological scale used here to assess histologi-
cal activity and quiescence has not undergone independent 
validation.

In conclusion, in our tertiary IBD practice, we demon-
strate that vedolizumab is effective, durable, and safe in patients 
with complex and treatment-resistant CD and UC. We fur-
ther confirm the efficacy in patients who are anti-TNFα-naive 
and those who are anti-TNFα-experienced, and we uniquely 
extend the data demonstrating durable efficacy to UC patients. 
We provide evidence for the benefit of dose intensification and 
introduce the role of endoscopic and histological improvement 
in this population.
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3.3  SAFETY AND EFFICACY OF COMBINATION TREATMENT WITH 

CALCINEURIN INHIBITORS AND VEDOLIZUMAB IN PATIENTS WITH 

REFRACTORY INFLAMMATORY BOWEL DISEASE 

 

Vedolizumab is an effective therapy for the treatment of moderate to severe UC and CD. 

However due to its mechanism of action, patient’s response can be delayed with improving 

outcomes up to and even beyond 3 months in patients with UC and CD. These long wait 

times can preclude its use in patients with steroid-refractory or more severe disease. This 

paper explores the novel use of vedolizumab utilizing calcineurin inhibitors as a bridge to 

therapy. The paper examines both the safety and efficacy of this novel treatment protocol and 

demonstrates that calcineurin inhibitors bridging to vedolizumab is an effective and safe 

treatment option to add to your arsenal in IBD.  

  



Safety and Efficacy of Combination Treatment With
Calcineurin Inhibitors and Vedolizumab in Patients With
Refractory Inflammatory Bowel Disease
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BACKGROUND & AIMS: Little is known about the efficacy and safety of induction therapy with calcineurin inhibitors in
combination with vedolizumab for patients with Crohn’s disease (CD) or ulcerative colitis (UC).
We analyzed the outcomes of patients receiving vedolizumab along with calcineurin inhibitors.

METHODS: We collected data on patients with CD (n [ 9) or UC (n [ 11) who began treatment with
vedolizumab from May 20, 2014, through March 30, 2015, and received calcineurin inhibitors
(tacrolimus or cyclosporin) during the first 12 months of vedolizumab therapy. Clinical activity
scores and inflammatory markers were measured at baseline and at weeks 14, 30, and 52 of
vedolizumab treatment. Clinical remission was defined as a Harvey–Bradshaw index score £4
or short clinical colitis activity index score £2; steroid-free clinical remission was defined as
clinical remission without corticosteroids.

RESULTS: By week 14 of treatment, 44% of the patients with CD and 55% of the patients with UC achieved
steroid-free clinical remission; after 52 weeks of treatment, 33% of the patients with CD and 45%
of the patients with UC were in steroid-free clinical remission. Seven patients received salvage
therapy with a calcineurin inhibitor after primary nonresponse to vedolizumab—1 of the 2 pa-
tients with UC and 2 of 5 patients with CD stopped taking the calcineurin inhibitors and achieved
steroid-free remission at week 52. In total, 16 patients (59%) received 52 weeks of treatment
with vedolizumab. Three serious adverse events were associated with calcineurin inhibitors.

CONCLUSIONS: Combination therapy of vedolizumab with either cyclosporin or tacrolimus is effective and safe
at inducing and maintaining clinical remission in patients with CD and UC with up to 52 weeks
of follow-up evaluation. Larger studies of the ability of calcineurin inhibitors to induce
remission in patients on vedolizumab are warranted.

Keywords: HBI; SCCAI; a4 Integrin; Response to Therapy.

See related article on page 494.

Asignificant proportion of patients with inflamma-
tory bowel disease (IBD) have steroid-resistant or

steroid-dependent disease that requires treatment with
biologic agents. However, even when biologic therapies
are used, a significant proportion of patients have pri-
mary nonresponse or develop secondary loss of
response. Potential reasons for this medically resistant
disease include mechanistic challenges or inadequate
exposure, either owing to underdosing or secondary to
loss of serum protein, including monoclonal antibody
therapies, through an inflamed gut.1 Novel strategies
that overcome these challenges are needed.

The calcineurin inhibitors tacrolimus and cyclosporin
have shown short-term efficacy in Crohn’s disease (CD)
and ulcerative colitis (UC), are fast-acting, and may be an
option in treatment-refractory patients.2,3 In UC, cyclo-
sporin has been used successfully as a rapidly acting
bridge to the slower-acting immunomodulators in

Abbreviations used in this paper: CD, Crohn’s disease; HBI,
Harvey–Bradshaw index; IBD, inflammatory bowel disease; IV, intrave-
nous; MH, mucosal healing; SCCAI, Short Clinical Colitis Activity Index;
TNF, tumor necrosis factor; UC, ulcerative colitis.
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immunomodulatory-naive patients with short-term
response rates in acute severe UC of greater than
80%.2 In CD, reports of rapid response to intravenous
(IV) and oral cyclosporin also have been reported with
response rates up to 59%.4,5 Tacrolimus also shows
excellent short-term efficacy in IBD with short-term
response rates of 61% to 96% in UC,6 and partial and
complete response rates of 39% and 29% in CD.7 How-
ever, despite this evidence, protracted use of calcineurin
inhibitors is limited by adverse events including infec-
tion, nephrotoxicity, hypercholesterolemia, and hyper-
tension, and long-term prognosis is poor with high
relapse rates on cessation of therapy.4,6,8 Consequently,
their use traditionally has been limited in IBD owing to a
lack of an appropriate maintenance therapy.

Vedolizumab, a monoclonal antibody to a4b7 integrin
that blocks lymphocyte trafficking to gut mucosa,9 is
approved for use in moderate–severe CD and UC and has
efficacy in inducing and maintaining remission in both in
placebo-controlled trials.10,11 However, improvement in
clinical symptoms may be slow, with increasing response
and remission rates shown at least over the course of the
first 10 weeks.10–12 Accordingly, the US prescribing
guidelines suggest a minimum of 14 weeks of therapy
before clinicians evaluate its efficacy. In addition, as
observed with other monoclonal antibodies,1 vedolizu-
mab treatment in patients with severe disease theoreti-
cally is associated with increased drug loss and lower
drug levels owing to protein loss via a leaky gut and,
hence, reduced response may be associated with more
severe disease. Indeed, patients with severe disease are
at increased risk of failing biological therapy.13

The use of combination therapy in patients with IBD
commenced on biologic therapies, most commonly ach-
ieved by using immunomodulator and anti–tumor ne-
crosis factor (TNF) therapy, is associated with increased
remission rates, increased anti-TNF drug levels, and
reduced loss of response.14,15 There are reports of pa-
tients with IBD tolerating concomitant anti-TNF and low
doses of tacrolimus after liver transplant for primary
sclerosing cholangitis.16 However, because the combined
immunosuppressive properties at therapeutic doses of
these 2 agents can lead to adverse events including
death,17 concomitant administration to induce disease
remission has been discouraged.

Because vedolizumab has impressive safety data, we
hypothesized that combination therapy with a calcineurin
inhibitor would not pose the same risks as combination
therapy with a calcineurin inhibitor and (systemically
active) anti-TNF agent. However, patients with exposure
to calcineurin inhibitors were excluded from vedolizumab
clinical trials and the success and safety of inducing
remission and bridging from a calcineurin inhibitor to
vedolizumab in IBD remains unknown. This study aimed
to assess the short- and long-term responses, remission,
steroid-free remission, and adverse event rates in patients
treated concomitantly with a calcineurin inhibitor and
vedolizumab, using prospectively collected data.

Methods

Study Design

Patients with established IBD who commenced vedo-
lizumab at The University of Chicago Medicine Inflamma-
tory Bowel Disease Center were invited to be included in
the prospective University of Chicago Vedolizumab Data-
base, part of the larger University of Chicago IBD Research
Database. Among consenting patients, baseline patient and
disease characteristics were recorded, and patient out-
comes were evaluated prospectively at weeks 14, 30, and
52 of vedolizumab treatment. Clinical remission and
response rates were assessed with the Harvey–Bradshaw
Index (HBI)18 for CD patients and the Simple Clinical Co-
litis Activity Index (SCCAI) for UC patients.19

We performed a subanalysis on patients who
commenced vedolizumab treatment between its US Food
and Drug Administration approval (May 20, 2014) and
March 30, 2015, who received concomitant calcineurin
inhibitors during the first 12 months of vedolizumab
therapy. Patients were eligible if they had a confirmed
clinical, endoscopic, or histologic diagnosis of CD or UC,
had at least 3 months of follow-up evaluation after
commencement of concurrent calcineurin inhibitor and
vedolizumab therapy, and were followed up for 12
months from their first vedolizumab infusion.

Calcineurin inhibitors were commenced at the
discretion of the primary treating physician in patients
with refractory IBD. These included patients with
severely active UC or CD despite high-dose oral or IV
prednisolone and/or anti-TNF therapy, patients with

What You Need to Know

Background
Patients with exposure to calcineurin inhibitors have
been excluded from vedolizumab clinical trials. We
investigated the success and safety of induction
therapy with a calcineurin inhibitor followed by
longer-term treatment with vedolizumab in patients
with CD or UC.

Findings
More than one third of patients with active CD or UC
who received treatment with a combination of
tacrolimus or cyclosporin along with vedolizumab
achieved clinical remission without the need for
concomitant steroid or calcineurin inhibitor treat-
ment within 1 year. There were few side effects.

Implications for patient care
This was a small study. Initial treatment with either
cyclosporin or tacrolimus is safe for patients who
subsequently receive treatment with vedolizumab,
which induces and maintains clinical remission in
patients with severe IBD.
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acute severe UC with the aim of bridging to vedolizumab,
or patients who required a steroid-sparing agent. Base-
line and outcome measures were extracted from the
University of Chicago IBD Research Database. The Uni-
versity of Chicago Institutional Review Board approved
the study (Institutional Review Board: 14-1371).

Intervention

Standard protocols for calcineurin inhibitor therapy
induction dosing were used. Tacrolimus was initiated at
0.05 mg/kg twice daily. Dosage was adjusted according to
trough level, aiming for a blood concentration of 10 to 15
ng/mL, clinical response and side effects. Trough levels,
blood counts, and renal and liver profiles were measured
48 hours after treatment initiation, 1 to 2 weeks later, and
every 2 to 3 weeks until steady-state trough levels were
reached, after which laboratory data were checked
monthly. Cyclosporin was administered intravenously at
an initial dose of 2 mg/kg/d. Serum cyclosporin concen-
trations were measured every other day and dose was
adjusted to a target level of 300 to 400 ng/mL. Intrave-
nous therapy was continued for 5 to 7 days (up to 14
days) with dose adjustments based on C-reactive protein
level, clinical symptoms, blood pressure, and renal func-
tion. Transition to oral therapy was performed when pa-
tients had improved clinical disease activity. Oral therapy
was commenced at double the IV dose and was adjusted
to reach similar trough concentrations as IV therapy.
Outpatient cyclosporin levels, renal function, and liver
function were monitored weekly.

All patients initiating calcineurin inhibitors received
trimethoprim/sulfamethoxazole 800 mg/160 mg 3 times
weekly for prophylaxis against Pneumocystis jirovecii.
This was continued while patients remained on combi-
nation treatment with corticosteroids.

Calcineurin inhibitors were weaned after at least 6
weeks of therapy in patients who achieved clinical
remission and, at the discretion of the primary treating
physician, in patients who had significant clinical
improvement. The initial calcineurin inhibitor dose was
decreased by 50% for 2 weeks before discontinuation.

All patients received 300 mg of vedolizumab intra-
venously at weeks 0, 2, and 6, with maintenance dosing
every 8 weeks thereafter as per standard-of-care
guidelines and according to the Food and Drug
Administration–approved dosing regimen for IBD. In
patients commencing a calcineurin inhibitor as the in-
duction agent, the first dose of vedolizumab was
administered after initiation of calcineurin therapy.

Steroids were weaned at the discretion of the physi-
cian and baseline immunomodulators were continued
throughout the study period.

Outcomes

Clinical remission was defined as HBI � 4 or SCCAI
� 2, clinical response was defined as a reduction of

�3 points in the HBI or SCCAI, and steroid-free clinical
remission was defined as clinical remission without
concomitant systemic corticosteroids.

When available, the endoscopic response was
assessed using the Short Endoscopic Score20 for CD pa-
tients or the Mayo endoscopic subscore21 for UC patients
after �3 months treatment with vedolizumab. Mucosal
healing (MH) was defined by Short Endoscopic Score for
CD score of <3 or resolution of all ulcers in CD, and in UC
as a Mayo endoscopic subscore of 0/1.

At each visit patients were questioned about adverse
events including infections, infusion reactions, or other
potential adverse events related to vedolizumab. Adverse
events were graded as serious if they resulted in anti-
biotic treatment, discontinuation of vedolizumab, or
hospitalization.

Statistical Methods

Patients were analyzed on an intent-to-treat basis and
cessation of vedolizumab for any reason was considered
treatment failure. For patients who withdrew prema-
turely, the last observation was carried forward.
Descriptive statistics were summarized using medians
and interquartile ranges or means and SD and/or SEM
for continuous variables. Categoric variables were
expressed as a percentage and number of cohort. Uni-
variate analysis was conducted using the chi-square or
the Fisher exact tests for equal proportion. The Wilcoxon
rank-sum test was used where appropriate. Pretreat-
ment and post-treatment clinical activity scores were
compared using the paired t test. A 2-sided P value �.05
was considered statistically significant. All data analyses
were performed using Stata 12.0 (Stata Corp, College
Station, TX).

Results

Of 31 patients who required concomitant tacrolimus
or cyclosporin within the first 12 months of initiating
vedolizumab therapy, 27 were included in the final
analysis: 2 were excluded because they were on tacro-
limus secondary to liver transplant and 2 were excluded
because of inadequate documentation/follow-up evalu-
ation (Figure 1). Baseline characteristics and indications
for vedolizumab are shown in Table 1. A total of 96%
(n ¼ 26) failed therapy with at least 1 anti-TNF agent
previously.

Co-induction With Vedolizumab and a
Calcineurin Inhibitor

A calcineurin inhibitor was initiated before or at the
time of commencing vedolizumab in 9 patients with CD
(5 tacrolimus, 4 cyclosporin) and 11 patients with UC
(4 tacrolimus, 7 cyclosporin). Fifteen patients (9 CD and 6
UC) were hospitalized at induction and failed intravenous
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steroids requiring salvage therapy with a calcineurin in-
hibitor (10 intravenous cyclosporine, 5 tacrolimus). The
median duration of hospital admission was 10 days
(IQR, 7–12 d). Patients commenced vedolizumab at a
median of 30 days (IQR, 19–77 d) after their first dose of
calcineurin inhibitor. All patients ceased the calcineurin
inhibitor at 12 months. The average duration of combi-
nation therapy with a calcineurin inhibitor and vedolizu-
mab was a median of 64 days (IQR, 42–87 d).

Crohn’s Disease

As shown in Figure 2A, 67% (n ¼ 6), 67% (n ¼ 6),
and 33% (n ¼ 3) of 9 patients with CD had a clinical
response, and 5, 4, and 3 of 9 patients achieved remis-
sion at weeks 14, 30, and 52, respectively. A total of 67%
(n ¼ 6) of patients weaned from calcineurin inhibitors by
week 14, of whom 2 achieved calcineurin inhibitor–free
clinical remission. Four patients were still on calci-
neurin inhibitors at week 30, 1 of whom had recom-
menced tacrolimus at week 14 after worsening disease
activity after cessation at week 10. This patient eventu-
ally proceeded to surgery for treatment of refractory
disease. By week 52 all patients were off calcineurin
inhibitors. Thus, calcineurin inhibitor–free remission was
achieved in 33% of patients at week 52.

All 9 CD patients were on prednisolone at baseline at
a median dose of 40 mg/d (IQR, 20–50 mg/d). A total of
67% (n ¼ 6), 67% (n ¼ 6), and 100% (n ¼ 9) were
steroid-free and 4, 4, and 3 of 9 were in steroid-free
clinical remission at weeks 14, 30, and 52, respectively.

The mean HBI significantly improved from a baseline
score of 11.6 (SEM, 2.0) to 5.7 (SEM, 2.3) at week 14 (P ¼
.020), and remained stable at 6.6 (SEM, 2.2) at week 30
and at 6.7 (SEM, 2.2) at week 52 (P ¼ .020) (Figure 2B).
In patients still on vedolizumab, the mean HBI was 3.0
(SEM, 1.29) at 12 months.

Ulcerative Colitis

As shown in Figure 2C, clinical response was achieved
in 73% (n ¼ 8), 82% (n ¼ 9), and 64% (n ¼ 7), and
clinical remission was achieved in 55% (n ¼ 6), 45%
(n ¼ 5), and 45% (n ¼ 5) at weeks 14, 30, and 52,
respectively. A total of 55% (n ¼ 6) of patients were
weaned from calcineurin inhibitors by week 14. Only 1
patient remained on a calcineurin inhibitor at week 30
and all patients were off calcineurin inhibitors by week
52. Thus, calcineurin inhibitor–free remission was ach-
ieved in 45% at week 52.

A total of 55% (n ¼ 6) of patients were on cortico-
steroids at baseline at a median dose of 40 mg/d (IQR,

Figure 1. Patient flow chart. CsA, cyclosporin; CI, calcineurin inhibitor; Tac, tacrolimus.
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25–50 mg/d). Of these, 100% (n ¼ 6), 83% (n ¼ 5), and
100% (n ¼ 6) were steroid-free, but only 2, 0, and 2
were in steroid-free clinical remission at weeks 14, 30,
and 52, respectively. Overall steroid-free remission was
achieved in 55% (n ¼ 6), 36% (n ¼ 4), and 45% (n ¼ 5)
at weeks 14, 30, and 52, respectively.

The mean SCCAI decreased significantly from 8.2
(SEM, 0.82) at baseline to 2.0 (SEM, 0.65) at week 14
(P < .001), and then remained stable at 2.6 (SEM, 0.62)
at week 30 and 1.8 (SEM, 0.58) at week 52 (Figure 2D).
In patients still on vedolizumab, the mean SCCAI was 1.6
(SEM, 1.4) at 12 months.

Mucosal Healing After Co-induction

Of patients with a baseline and postinduction endo-
scopic assessment at a median of 5 months (range, 3–9
mo), MH was achieved in 1 of 7 with CD and in 4 of 7
with UC. Week 52 response rates were higher when MH
was achieved (100% clinical response if MH was ach-
ieved vs 11% if no MH was achieved; P ¼ .003) and week
52 steroid-free remission rates trended higher with MH
(75% steroid-free remission if MH was achieved vs 25%

if no MH was achieved; P ¼ .052). MH was associated
with vedolizumab continuation (100% vedolizumab
continuation if MH was achieved vs 33% if no MH was
achieved; P ¼ .016).

Calcineurin Inhibitor Use in Patients Failing
Induction With Vedolizumab

Seven patients (5 CD and 2 UC) commenced calci-
neurin inhibitor therapy after primary nonresponse to
vedolizumab immunotherapy. Three patients (2 UC and
1 CD) commenced within 3 months of initiating vedoli-
zumab. Two UC patients were hospitalized for IV corti-
costeroids and cyclosporin in the setting of clinical
symptoms despite 40 mg prednisolone and vedolizumab
for 3 months. One patient failed induction therapy with
cyclosporin and proceeded to colectomy. The other pa-
tient weaned from cyclosporin after 51 days and
remained in steroid- and calcineurin-free clinical remis-
sion at 12 months.

Tacrolimus salvage therapy was used in 5 patients
with CD; 1 at 3 months and 4 at 6 months of vedolizumab
therapy. All patients were steroid-dependent, 3 patients
were on vedolizumab every 4 weeks and 2 patients
required hospitalization for IV steroids with failure to
achieve remission. One patient was changed to vedolizu-
mab every 4 weeks at the time of commencing tacrolimus.

Themean duration of tacrolimuswas 85 days (SD, 53 d).
Of the 5 CD patients, 2 achieved steroid- and calcineurin
inhibitor–free remission at 12 months and continued
vedolizumab. One patient continued to have disease
activity at 12 months despite tacrolimus and proceeded
to loop ileostomy with no complications, with subsequent
maintenance with vedolizumab monotherapy. Two
patients ceased vedolizumab: 1 patient did not respond to
tacrolimus and had a surgical resection, and the other
patient ceased for inability to wean from tacrolimus despite
response.

Vedolizumab Discontinuation and
Adverse Events

Vedolizumab was discontinued for nonresponse after
a median of 6 months (IQR, 6–7 mo) in 41% of patients
(7 CD and 4 UC). Three patients with CD and 2 with UC
were switched to a different therapeutic agent, and 6
patients proceeded to surgery with 4 colectomies (2 UC
and 2 CD), 1 ileal resection (CD), and 1 diverting stoma
(CD). There were no intraoperative complications. Post-
operatively, 1 patient had delayed perineal healing after
total proctocolectomy and 1 developed a mucocutaneous
separation of the stoma, which subsequently healed with
antibiotics. There were no other surgical complications.

Adverse events are summarized in Table 2. In addi-
tion to postoperative complications, there were 3 serious
events in 2 patients. One patient described an infusion-
related reaction with mild swelling of the tongue. This

Table 1. Baseline Characteristics

Characteristic
IBD

(N ¼ 27)
CD

(N ¼ 14)
UC

(N ¼ 13)

Age, y, median (IQR) 33 (24–39) 31 (24–36) 29 (25–39)
Male sex, n (%) 13 (48) 6 (43) 7 (54)
Current smoker, n (%) 4 (15%) 1 (7%) 3 (23%)
Age at diagnosis,

y, median (IQR)
21 (16–29) 18 (15–21) 29 (21–34)

Duration of disease,
y, median (IQR)

7(4–20) 5 (2–8) 18 (6–23)

Family history of IBD,
n (%)

10 (37%) 4 (29%) 6 (46%)

Past surgery for CD,
n (%)

6 (22%)

Disease location:
Montreal Classification

L1: 1 (7%) E1: 1 (2%)
L2: 5 (36%) E2: 11 (26%)
L3: 8 (57%) E3: 30 (71%)
L4: 1 (8%)
P: 2 (17%)

Clinical disease activity
at baseline

HBI SCCAI
<5:2 (14%) <3:0 (0%)
5–7:6 (43%) 3–6:3 (23%)

8–16:4 (29%) 7–10:5 (38%)
>16:2 (14%) >10:5 (38%)

Concomitant medications
with vedolizumab,
n (%)
Glucocorticoids 21 (78%) 12 (86%) 9 (69%)
Thiopurines 7 (26%) 4 (29%) 3 (23%)
Methotrexate 2 (7%) 0 (0%) 2 (15%)

Prior anti-TNF therapy
Naive 1 (4%) 0 (0%) 1 (8%)
1 failure 6 (22%) 0 (0%) 6 (46%)
>1 failure 20 (74%) 14 (100%) 6 (46%)

CD, Crohn’s disease; IBD, inflammatory bowel disease; IQR, interquartile
range; TNF, tumor necrosis factor; UC, ulcerative colitis.
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patient had severely active disease, tested positive for
Clostridium difficile and cytomegalovirus colitis with in-
clusion bodies on colon biopsy, ceased therapy, and
proceeded to a colectomy. One patient developed viral
gastroenteritis that required hospitalization, but recov-
ered with conservative management.

Side effects possibly attributed to calcineurin inhibi-
tor toxicity were minimal. One patient discontinued
tacrolimus after 1 month owing to gum sensitivity, which
resolved after tacrolimus cessation. Additional side ef-
fects that did not result in discontinuation included
tremor (n ¼ 2), migraine (n ¼ 1), paresthesia (n ¼ 1), leg
cramps (n ¼ 1), and fatigue (n ¼ 1).

Discussion

In this prospective observational study, we show the
efficacy and safety of a novel treatment approach for
some patients with IBD: use of a calcineurin inhibitor in

conjunction with vedolizumab. This strategy provides
new options for many different clinical scenarios
including failed corticosteroid therapy, failed or intoler-
ance to thiopurine therapy, and hospitalized adults with
severe IBD in whom we are concerned for gut loss of
protein-based therapies and inadequate exposure.
Calcineurin-based treatment also provides an induction
option as a bridge to vedolizumab, to overcome the
slower onset of action described for this biologic agent.

We show that using a combination of tacrolimus or
cyclosporin with vedolizumab in patients with active IBD
achieves steroid- and calcineurin inhibitor–free clinical
remission in more than one third of patients at 1 year.
The strategy also was effective when the induction
therapy was introduced to patients who had failed
vedolizumab monotherapy. Similar to previous reports of
calcineurin inhibitor induction for UC and CD,2,3 high
initial response and remission rates were observed.
Although these rates decreased over the follow-up
period, 33% of CD and 45% of UC patients were in

Figure 2. Change in markers of disease activity after vedolizumab. (A) Clinical response and remission rates and (B) mean
(SEM) HBI in patients with CD. (C) Clinical response and remission rates and (D) mean (SEM) SCCAI in patients with UC.
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steroid-free remission at 1 year, which is similar to rates
seen in the pivotal vedolizumab trials GEMINI 1
and 2,10,11 despite the fact that this patient cohort likely
represents a more treatment-resistant group. In addition,
SCCAI and HBI scores improved significantly by week 14
in both CD and UC, and this improvement was main-
tained over 52 weeks despite patients ceasing cortico-
steroids and the calcineurin inhibitor. In fact, in our
patient cohort, all patients who continued on vedolizu-
mab were off corticosteroids and calcineurin inhibitors
by 12 months. This suggests that calcineurin inhibitor
therapy may be used as a bridge to vedolizumab in pa-
tients with moderately to severely active disease as well
as a steroid-sparing therapy.

Endoscopically, 1 of 7 CD and 4 of 7 UC patients ach-
ieved MH. For UC, this is comparable with the results of
the pivotal GEMINI 1 trial, which showed MH rates in
initial responders of 54% in maintenance.10 The pivotal
GEMINI 2 trials for CD did not report on MH, but a real-
world study showed a higher rate of 30% for MH.22 MH
was associated with continuation of vedolizumab (P ¼
.016) and week 52 steroid-free remission rates trended
higher when MH was achieved (P ¼ .052). These findings
support those from the anti-TNF clinical trials regarding
the positive prognostic role that MH has after induction
treatment on longer-term outcomes and are similar to the
findings reported with standard vedolizumab therapy.23

All patients in our study were treatment-refractory
and almost all had previously failed anti-TNF therapy.

On this basis, it would be anticipated that few patients
would have responded to re-induction therapy with
standard anti-TNF therapy, but proof that the strategy of
calcineurin inhibitors bridging to vedolizumab is more
efficacious than re-treatment with a drug that had pre-
viously failed can be addressed definitively only by a
randomized controlled trial. Whether such a study is
ethical is dubious.

In patients who have primary nonresponse to vedo-
lizumab monotherapy, despite adequate time for onset of
action, a short duration of therapy with calcineurin in-
hibitors successfully salvaged patients who continued
vedolizumab. At 6 months after calcineurin inhibitor
salvage, 3 of 7 patients achieved steroid-free and calci-
neurin inhibitor–free clinical remission. Although the
follow-up period was short, treatment options were
limited in this patient cohort. These results therefore are
promising and suggest that calcineurin inhibitor salvage
may be a strategy to induce remission in this patient
cohort, although clearly longer-term studies are required
to determine the durability of this response. The mech-
anism of this response is not clear but there may be
synergy of the different anti-inflammatory mechanisms
of action or simply an additive benefit, followed by a
more durable response to vedolizumab.

One hazard of multi-agent immunomodulator therapy
in patients with IBD has been infection and other adverse
events related to profound immune suppression.8,24 In
fact, combination therapy with a calcineurin inhibitor
and anti-TNF therapy has been relatively contraindicated
owing to severe infection risk and even mortality.17

However, the predominantly gut-selective effect of
vedolizumab on immune reactivity and minimal side ef-
fects and infection risk associated with its use as a
monotherapy may imply that the addition of a systemi-
cally acting agent with broad immune-suppressing
effects would not carry infective and other complica-
tions greater than that of the individual drugs. Indeed, no
significant toxicity was observed in our series despite the
fact that many patients were on quadruple immuno-
suppressive therapy, at least initially.

The major shortcoming of our study was the small
sample size, which makes it more difficult to detect un-
common adverse effects and to define predictors of
response to vedolizumab. In addition, despite the pro-
spective nature of the study, some data were missing
from patients. Finally, when vedolizumab first received
regulatory approval in May 2014, many patients with
very complex disease received it as end-of-the-line
salvage therapy at our referral center. Therefore, this
patient group most likely represents a population with
more severe disease than might normally be placed on
this therapy in the general community.

In conclusion, this study describes a novel treatment
regimen for patients with moderate to severe UC or CD,
and one that may be particularly useful in patients who
are steroid-refractory or who have already failed an anti-
TNF treatment. Cyclosporin and tacrolimus successfully

Table 2. Adverse Events on Vedolizumab

Event Patients with IBD (n ¼ 27)

Adverse event: noninfectious
Neurologic complaints

(n ¼ 4)
4 total: 1 paresthesia, 1 migraine,

2 mild tremor
Pruritis 1 total
Rheumatologic 2 total: 1 new-onset arthralgia,

1 leg cramps
Infusion-related reaction 1 infusion reactiona

Cancer No cancer documented
Constipation 2 total
Perianal disease 1 total: worsening perianal fistula
Fatigue 1 total
Orofacial complications 1 total: gum sensitivity
Any serious noninfectious

eventa
1 total

Adverse event: infection
Enteric infection 2 total: 1 viral enteritis,a

1 cytomegalovirus and C difficile
colitis colectomya

Sinopulmonary infections 1 sinusitis
Postoperative

complications
2 total: 1 delayed perineal healing,

1 mucocutaneous separation of
stoma

Miscellaneous 1 urinary tract infection
Any serious infectiona 4 total

IBD, inflammatory bowel disease.
aA serious adverse event or infection was defined as any adverse event when
leading to treatment interruption, antibiotic therapy, hospitalization, disability or
persistent damage, colectomy, or death.
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and rapidly induced response and remission in both CD
and UC. We propose that this strategy can act as a bridge
to maintenance vedolizumab treatment when applied to
vedolizumab initiation or when there has been primary
nonresponse to vedolizumab. On long-term follow-up
evaluation, vedolizumab was able to maintain remission
in 30% to 45% of IBD patients without the requirements
for steroids or continuing the calcineurin inhibitor.
Larger studies using short-term calcineurin inhibitors in
conjunction with vedolizumab are warranted and
planned.
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3.4  VEDOLIZUMAB IN PATIENTS WITH CONCURRENT PRIMARY 

SCLEROSING CHOLANGITIS AND INFLAMMATORY BOWEL DISEASE 

DOES NOT IMPROVE LIVER BIOCHEMISTRY BUS IS SAFE AND EFFECTIVE 

FOR THE BOWEL DISEASE 

 

Primary sclerosing cholangitis is a chronic inflammatory condition of the bile ducts that can 

progress to strictures, leading to cholangitis and is associated with a significant increase in risk 

of cholangiocarcinoma. Two-thirds of cases of primary sclerosing cholangitis are associated 

with inflammatory bowel disease and there is currently no effective therapy available to treat 

the cholangitis and prevent progression of disease. When vedolizumab first became available 

on the market it was hoped that through preventing the translocation of white cells into the bile 

ducts by blocking the alpha4beta7 integrin antibody it may halt and even reverse the 

inflammatory process of the disease. This study explores the use of vedolizumab in patients 

with primary sclerosing cholangitis and inflammatory bowel disease but unfortunately 

demonstrates no efficacy of vedolizumab in this debilitating condition.  

  



Vedolizumab in patients with concurrent primary sclerosing
cholangitis and inflammatory bowel disease does not improve
liver biochemistry but is safe and effective for the bowel
disease

B. Christensen1,2,3 | D. Micic4 | P. R. Gibson1 | A. Yarur5 | E. Bellaguarda4 |

P. Corsello6 | J. N. Gaetano3 | J. Kinnucan6 | V. L. Rao3 | S. Reddy4 | S. Singh5 |

J. Pekow3 | D. T. Rubin3

1Alfred Hospital and Monash University,

Melbourne, Australia

2Royal Melbourne Hospital, Melbourne,

Australia

3University of Chicago Medicine

Inflammatory Bowel Disease Center,

Chicago, IL, USA

4Northwestern University Feinberg School

of Medicine, Chicago, IL, USA

5Division of Gastroenterology and

Hepatology, Medical College of Wisconsin,

Milwaukee, WI, USA

6University of Michigan Health System, Ann

Arbor, MI, USA

Correspondence

Dr. B Christensen, Gastroenterology

Department, The Royal Melbourne Hospital,

Parkville, Victoria, Australia.

Email: britt.christensen@mh.org.au

Funding information

NIH, Grant/Award Number: P30DK42086,

K08DK090152

Summary

Background: Blocking of lymphocyte trafficking to bile ducts is a potential mecha-

nism to alter the disease course of patients with primary sclerosing cholangitis

(PSC).

Aim: To describe the effect of the a4b7 integrin antibody, vedolizumab, on liver bio-

chemistry and disease activity in patients with PSC and inflammatory bowel disease

(IBD).

Methods: This is a retrospective multi-centre study of adult patients with a diagno-

sis of both IBD and PSC. The primary outcome was change in serum alkaline phos-

phatase level at weeks 14 and 30. Secondary outcomes included changes in other

liver biochemistries and in clinical outcomes for the bowel disease. A safety analysis

for adverse events was performed.

Results: Thirty-four patients (16 Crohn’s disease, 18 ulcerative colitis) were

included. Nine (26%) had a history of liver transplant. Median follow-up on vedolizu-

mab was 9 months (IQR: 7-16). There was no overall change in serum alkaline phos-

phatase level with vedolizumab therapy (median 268 [IQR: 105-551] IU/L at

baseline versus 249 [IQR: 183-634] IU/L, P = 0.99 at week 30). No significant

changes in other liver biochemistries or the Mayo PSC Risk Score were demon-

strated at week 30. Clinical remission was achieved at week 30 in 55% of Crohn’s

disease and 29% of ulcerative colitis patients. Seven (21%) patients ceased vedolizu-

mab; six patients stopped therapy due to persistent IBD activity and one for wors-

ening of liver biochemistries.

Conclusion: Vedolizumab treatment in patients with PSC and IBD did not improve

liver biochemistry but was associated with improvement in bowel disease and a

favourable safety profile.
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1 | INTRODUCTION

Primary sclerosing cholangitis (PSC) causes chronic and progressive

injury to the bile ducts characterised by inflammatory and oblitera-

tive periductal fibrosis, and is the classic hepatobiliary extra-intestinal

manifestation of inflammatory bowel disease (IBD).1 With disease

progression, progressive biliary strictures can lead to cholangitis, bil-

iary cirrhosis and end-stage liver disease.1 Two-thirds of cases of

PSC cases are associated with IBD2 and, although patients are com-

monly asymptomatic at the time of diagnosis, they have a shorter

than average survival compared to matched controls in the general

population.3,4

As PSC is associated with significant morbidity and mortality,

various therapies have been examined in an effort to mitigate the

progressive nature of the disease. Immunosuppressive agents includ-

ing corticosteroids, tacrolimus, ciclosporin, azathioprine, methotrex-

ate and anti-tumour necrosis factor (TNF) therapies have not shown

clinical benefit in PSC.3 Ursodeoxycholic acid, a hydrophilic bile acid

that is often employed to treat cholestatic liver diseases,3,5 has

demonstrated improvement in alkaline phosphatase and other liver

biochemistry in patients with PSC but has not favourably influenced

key endpoints that include death, liver transplantation or progression

to cirrhosis.1,3,6,7

Vedolizumab is a selective humanised monoclonal antibody to

the a4b7 integrin expressed on lymphocytes. The binding of the

a4b7 integrin to MadCAM-1, which is expressed on intestinal

endothelial vessels, allows for gut lymphocyte trafficking.8 Thus

vedolizumab modulates the ability of lymphocytes to enter the gas-

trointestinal epithelium, reducing inflammation and inducing mucosal

healing in patients with moderate-severe Crohn’s disease (CD) and

ulcerative colitis (UC).9-11 Although MAdCAM-1 is not expressed in

normal liver tissue, it is induced in the portal tract endothelium of

inflamed and cirrhotic livers, and its activity correlates with histologi-

cal inflammatory activity in PSC.12,13 It has therefore been postu-

lated that vedolizumab could also be of therapeutic benefit in

patients with PSC. However, experience with vedolizumab in

patients with PSC has been limited to individual-center case ser-

ies.14,15

We studied the use of vedolizumab in a multi-centre, multi-

national cohort of patients with PSC and IBD with a primary focus

on change in liver biochemistry. Secondary outcomes assessed for

changes in prognostic models of PSC and clinical outcomes and

safety of vedolizumab in patients with chronic liver disease and IBD

including patients with orthotopic liver transplant.

2 | MATERIALS AND METHODS

2.1 | Participants

Electronic medical records at participating sites were reviewed for

adult patients with an established diagnosis of concurrent IBD and

PSC (IBD-PSC) based on clinical, biochemical, imaging and endo-

scopic information and who had been initiated on vedolizumab

between June 2014 and January 2016. Data were collected until

August 2016. Participating sites included: University of Chicago

Medicine (n = 11), Medical College of Wisconsin (n = 9), University

of Michigan (n = 7), Northwestern University (n = 4) and Alfred

Hospital, Melbourne, Australia (n = 3). These sites were identified by

a pre-existing collaborative group without prior knowledge to the

number of patients that would meet the inclusion criteria. All

patients that met the inclusion criteria from each site were included

in the study. Institutional review board approval was granted at the

individual participating sites.

2.2 | Study design

A retrospective cohort study was performed. Baseline demographic

information abstracted from the medical record included age, sex,

dates of diagnosis, disease phenotype based on the Montreal classifi-

cation,16 and previous and current use of ursodeoxycholic acid, anti-

inflammatory agents and/or immunosuppressant therapy (steroids,

immunomodulators, anti-TNF agents). Changes to immunomodulator

therapy and UDCA dosing were monitored throughout the study.

Results of orthotopic liver transplant, endoscopic retrograde cholan-

giopancreatography (ERCP), magnetic resonance cholangiopancre-

atography (MRCP) and liver biopsy before and during vedolizumab

treatment were recorded. Clinical scores, laboratory values and

endoscopic outcomes were collected from standard-of-care visits. In

addition, all adverse events including hospitalisations, surgeries, infu-

sion reactions or infections after initiation of vedolizumab were doc-

umented.

2.3 | Outcomes

The primary outcome of interest was a decrease in alkaline phos-

phatase level at weeks 14 and 30 in those with active PSC (patients

with PSC who had not undergone orthotopic liver transplant and

those who underwent orthotopic liver transplant with recurrent PSC

in the transplanted liver). Secondary outcomes of interest included

changes in total bilirubin, Mayo PSC Risk Score,17 alanine amino-

transferase and aspartate aminotransferase at weeks 14 and 30 from

baseline in those with active PSC, and the development of adverse

events at any time. Adverse events were defined as any clinically

significant event that occurred from the date of commencing vedoli-

zumab to the last follow-up. Adverse events were graded as serious

if they resulted in discontinuation of vedolizumab, hospitalisation or

death.

Clinical activity was assessed using the Harvey-Bradshaw Index

(HBI) for CD18 and the Simple Clinical Colitis Activity Index (SCCAI)

for UC.19 In those with clinical disease activity at baseline, rates of

clinical remission and corticosteroid-free remission at week 14 and

30 were determined. Clinical remission was defined as a HBI ≤ 418

or a SCCAI ≤ 2.19 Corticosteroid-free remission was defined as clini-

cal remission without need for concomitant corticosteroids.

In patients with baseline endoscopy and follow-up colonoscopy

after at least 3 months of vedolizumab, endoscopic response was
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assessed utilising the SES-CD for CD patients20 or Mayo endoscopic

subscore for UC.21 In CD, endoscopic improvement was defined as

reduction in the SES-CD > 50% and mucosal healing as SES-CD

score < 3. In UC, endoscopic improvement was defined as absolute

reduction ≥ 1 point in the Mayo endoscopic subscore and mucosal

healing as Mayo endoscopic subscore of 0 or 1. Biopsies in CD and

UC were scored on a 4-point scale as quiescent/normal (0), mild (1),

moderate (2) or severe (3).22 Histological improvement was defined

as an absolute reduction of 1 point or more and histological remis-

sion as score of 0.

2.4 | Statistical methods

Patients were analysed on an intent-to-treat basis and cessation of

vedolizumab for any reason was considered treatment failure.

Descriptive statistics were provided to summarise demographic char-

acteristics using mean (95% confidence interval [CI]) or median (in-

terquartile range [IQR]) for continuous variables, and number and

percentage for categorical variables. As the differences between

liver biochemistry were not normally distributed, the Wilcoxon’s

signed-rank test was used for statistical analysis of response to

treatment. Pre-treatment and post-treatment biochemical indices

and Mayo PSC Risk Scores were compared between week 0 and

week 14 and week 0 and week 30. For patients who withdrew pre-

maturely, the last observation was carried forward. A two-sided P-

value ≤ 0.05 was considered statistically significant. All data analyses

were performed using Stata 12.0 (STATACORP, College Station, TX,

USA).

3 | RESULTS

3.1 | Baseline characteristics

Demographics, baseline characteristics and medication usage of the

34 patients with PSC-IBD who met inclusion criteria are shown in

Table 1. Included patients and clinical outcomes assessed are out-

lined in Figure 1. Of the nine (26%) patients who had undergone

orthotopic liver transplantation for PSC prior to initiation of vedoli-

zumab, 3 had recurrent PSC demonstrated on liver biopsy. Thus, 28

patients (71% large duct) had active PSC at the time of treatment

with vedolizumab.

Vedolizumab was commenced for IBD clinical disease activity in

the majority of patients (n = 27, 79%). Other indications for vedoli-

zumab included possible therapeutic benefit in active PSC (n = 3),

intolerance of previous maintenance medication (n = 1), transition

from natalizumab (n = 1) and severe endoscopic disease activity

despite clinical remission (n = 1). Median clinical follow-up while on

vedolizumab was 9 (IQR: 7-16) months and 28 (82%) patients had at

least 6 months of clinical follow-up.

At commencement of vedolizumab, 7 patients were on long-term

ursodeoxycholic acid, the dose of which did not change in these

patients throughout the study period. Two patients commenced

ursodeoxycholic acid during the study period.

3.2 | Efficacy

3.2.1 | Alkaline phosphatase

Alkaline phosphatase levels from all patients with active PSC and bio-

chemical testing before and after vedolizumab are shown in Table 2

and Figure 2. Overall, there was no significant change in alkaline phos-

phatase levels before and after treatment with vedolizumab at week

14 or 30. Median alkaline phosphatase activities were 268 (IQR: 105-

551) IU/L before treatment, 234 (IQR: 126-396) IU/L, P = 0.346 at

week 14 and 249 (IQR: 183-634) IU/L, P = 0.990 at week 30. The

median percentage change from baseline in alkaline phosphatase was

0% [IQR: �17%, 10%] at week 14 and �1% [IQR: -20%, 21.7%] at

week 30.

Of the 18 patients (69%) with an elevated alkaline phosphatase

at baseline, 11 patients (61%) improved but none achieved a normal

alkaline phosphatase at week 30 (Figure 2A). Alkaline phosphatase

did significantly fall with treatment at week 14 from median 475

(IQR: 241-757) IU/L at baseline to 322.5 (IQR: 220-651) IU/L at

week 14 (P = 0.025). However, two patients potentially confounded

this analysis with a fall associated with the commencement of

ursodeoxycholic acid (where alkaline phosphatase activities fell by

75% and 13%, respectively, as shown in Figure 2A). At week 30,

median alkaline phosphatase activities only trended down to 283

(IQR: 207-658) IU/L (P = 0.267). When patients who were com-

menced on ursodeoxycholic acid during vedolizumab treatment were

excluded, the decrease in alkaline phosphatase only trended to sig-

nificance at week 14 (P = 0.070) and was again not significant at

week 30 (P = 0.866). The median percentage change in alkaline

phosphatase among individuals with an elevated baseline level was

�10% [IQR: �38%, 0%] at week 14 and �12% [IQR: �24%, 2%] at

week 30. In most cases, improvement was evident by week 14; only

one patient with transient worsening of their alkaline phosphatase at

week 14 achieved improvement in their alkaline phosphatase at

week 30. No clear demographic or clinical characteristics, including

the duration of PSC, type of PSC (small-duct vs large-duct) and type

of IBD (CD vs UC), defined patients with alkaline phosphatase

improvement (data not shown).

Of the eight patients (31%) with normal alkaline phosphatase at

baseline, four (50%) had a subsequent increase in its activity to abnor-

mal levels over the 30 weeks of treatment (Figure 2B). Overall, in

these eight patients, there was a significant increase in alkaline phos-

phatase from a baseline median of 98 (IQR: 77-102) IU/L to 110 (IQR:

102-183) IU/L, P = 0.019 at week 14 and to 146 (IQR: 90-203) IU/L,

P = 0.036 at week 30. The median percentage change among individ-

uals with a normal baseline alkaline phosphatase was +20% (IQR: 5%,

80%) at week 14 and +48% (IQR: 4%, 94%) at week 30.

3.2.2 | Total bilirubin, aspartate aminotransferase,
alanine aminotransferase and Mayo PSC Risk Score

As shown in Table 2 and Figure 3, there were no significant changes

in the median serum total bilirubin, aspartate aminotransferase or
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alanine aminotransferase over 14 or 30 weeks’ therapy with vedolizu-

mab. The calculated Mayo PSC Risk Score for PSC did improve signifi-

cantly from baseline to week 14 from mean -0.40 [95% CI: �0.85,

0.05] at baseline to -0.59 [95% CI: �0.99, -0.18] at week 14

(P = 0.03). This difference was no longer significant at week 30 with a

Mayo PSC Risk Score of �0.38 [95% CI: �0.83, 0.08] (P = 0.90) (Fig-

ure 3D).

3.3 | Clinical activity of intestinal disease

All 34 patients had clinical assessment of their intestinal disease activ-

ity before and after vedolizumab therapy was initiated and 25 patients

(11 CD; 14 UC) had clinically active IBD (HBI > 4 or SCCAI > 2) at

baseline. Among those with CD, 5 (45%) patients achieved clinical

remission by week 14, increasing to 6 (55%) by week 30. In those with

TABLE 1 Baseline characteristics of patients with primary sclerosing cholangitis (PSC) and inflammatory bowel disease (IBD)

Characteristic Crohn’s disease, n = 16 Ulcerative colitis, n = 18

All patients: n = 34

Male gender, n (%)

9 (56%) 15 (83%)

Median age IBD diagnosis, y (IQR) 19.5 (17-24) 22 (18-39)

Median age, y (IQR) 34 (25.5-38.5) 37 (23-46)

Median duration of disease, y (IQR) 10.5 (7.5-18.5) 10 (3-15)

Disease Location-Montreal Classification L1-0 (0%)

L2-3 (19%)

L3-13 (81%)

P-2 (13%)

16 (100%) pan-colitis

Current smoker, n (%) 2 (13%) 0 (0%)

Clinical disease activity at baseline, n (%) HBI

<5 (remission): 5 (31%)

5-7 (mild): 5 (31%)

8-16 (moderate): 6 (38%)

>16 (severe): 0 (0%)

SCCAI

<3 (remission): 4 (22%)

3-6 (mild): 8 (44%)

7-10 (moderate): 4 (22%)

>10 (severe): 2 (11%)

History of liver transplant, n (%) 2 (13%) 7 (39%)

Recurrent PSC in transplanted liver, n (%) 1 (50%) 2 (25%)

Active PSC at vedolizumab commencement, n (%) 15 (94%) 13 (72%)

Anti-TNF treatment na€ıve, n (%) 1 (6%) 6 (33%)

Concomitant medications at commencement, n (%)

Tacrolimus 2 (13%) 7 (39%)

Immunomodulator 6 (38%) 7 (39%)

Glucocorticoids 4 (25%) 8 (44%)

Antibiotics 1 (6%) 1 (6%)

Median prednisolone equivalent dose, mg (IQR) 40 (30-40) 15 (10-40)

Patients with PSC and biochemical testing before and after vedolizumab: n = 26

Median age of PSC diagnosis, y (IQR) 24 (20-29) 22 (20-43)

Median duration of PSC, y (IQR) 8 (3-10) 3 (1-8)

Cirrhosis, n (%) 2 (14%) 0 (0%)

History of biliary stricture dilation, n (%) 5 (36%) 4 (33%)

On UDCA, n (%) 5 (36%) 2 (17%)

Median daily urosodeoxycholic acid dose, mg (IQR) 900 (900-1000) 1000 (1000-1000)

Biochemistry at baseline, median (IQR)

Alkaline phosphatase (IU/L) (normal <120) 268 (99-551) 283 (108-618)

Aspartate aminotransferase (IU/L) (normal <30) 34 (24-98) 81 (50-111)

Alanine aminotransferase (IU/L) (normal <120) 42 (20-144) 86 (27-139)

Albumin (g/dL) (normal 3.9-4.4) 3.5 (2.9-4.5) 4.1 (3.9-4.3)

Total bilirubin (mg/dl) 0.5 (0.4-0.6) 0.8 (0.6-1.6)

Baseline Mayo Risk Score, mean (95% CI) �0.55 (�1.38-0.27) �0.26 (�0.81-0.29)
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UC, 3 (21%) achieved clinical remission by week 14, increasing to four

(29%) by week 30. Of the 12 patients (4CD; 8UC) who were on corti-

costeroid therapy at baseline, 10 (83%) (3CD; 7UC) were weaned from

corticosteroids during follow-up and 4 (33%) (2CD; 2UC) achieved cor-

ticosteroid-free remission by week 30 (Figure 4A). Eight of 9 (89%)

patients in clinical remission at initiation of therapy remained in clinical

remission through to 30 weeks.

3.4 | Mucosal healing

Thirteen patients (6CD; 7UC) had baseline endoscopic disease activ-

ity and follow-up assessment for mucosal healing at median time of

6 (IQR: 5, 10) months. Of the 6 CD patients, two (33%) achieved

endoscopic improvement, but none achieved mucosal healing. None

of five patients with CD who had histological assessment showed

histological improvement or healing. Of the seven UC patients, two

(29%) achieved endoscopic improvement and one (14%) mucosal

healing. Six of those patients had histological assessment; 3 (50%)

achieved histological improvement and 1 (17%) histological remission

(Figure 4B). There was no association between mucosal improve-

ment and change in serum alkaline phosphatase activity, with 33%

and 29% of those who had deterioration and improvement of their

alkaline phosphatase, respectively, achieving endoscopic improve-

ment with vedolizumab treatment (P = 1.00).

3.5 | Safety and adverse events

Median follow-up was 9 (IQR: 7, 16) months. Seven (21%) patients

ceased vedolizumab after a median of 8 (IQR: 5, 8) months, six for

ongoing clinical disease activity and one for deteriorating LFTs. The

patient with worsening LFTs had normal liver biochemistry at base-

line; the alkaline phosphatase increased to 351 IU/L and alanine

aminotransferase 264 IU/L at week 14. This patient proceeded to

liver biopsy with histological findings consistent with a drug reaction

thought secondary to vedolizumab. Vedolizumab was ceased at

week 16 and the liver biochemistries returned to normal over the

following 3 months. Two further patients had liver-related complica-

tions and were hospitalised for cholangitis, but continued on vedoli-

zumab. Of these, one was found to have a dominant stricture that

was dilated at ERCP, and the other patient proceeded to liver trans-

plantation. One patient was hospitalised for poorly controlled intesti-

nal disease, resulting in colectomy.

TABLE 2 Change in liver biochemistry and Risk Score with vedolizumab

Baseline Wk 14
P-value: difference
from baseline Wk 30

P-value: difference
from baseline

Alkaline phosphatase (IU/L)

median (IQR)

268 (105, 551) 265 (176, 508) 0.346 236 (183, 634) 0.990

Bilirubin (IU/L)

median (IQR)

0.6 (0.4, 0.9) 0.7 (0.4, 1) 0.619 0.7 (0.4, 1.3) 0.960

AST (IU/L)

median (IQR)

54 (27, 98) 37 (23, 75) 0.215 46 (39, 93) 0.693

ALT (IU/L)

median (IQR)

63 (20, 144) 50 (31, 107) 0.459 58 (39, 154) 0.809

Mayo PSC Risk Score

Mean (95% CI)

�0.40 (�0.85-0.05) �0.59 (�0.99 to �0.18) 0.030a �0.38 (�0.83-0.08) 0.879

aSignifies statistical significant difference.

34 Patients with a
diagnosis of PSC and

included in study

28 Patients with
active PSC

6 With PSC and IBD but
transplanted liver and no

PSC recurrence

Clinical response and
remission and safety

analysis

26 With biochemical
assessment before and

after vedolizumab
therapyF IGURE 1 Flow chart of study design

and included patients
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There were four (12%) minor adverse events that did not require

hospitalisation, change in therapy, or medical intervention. They

included one patient who developed an upper respiratory tract infec-

tion, one with headaches, one dental abscess and one with diarrhoea

associated with Aeromonas on stool culture.

4 | DISCUSSION

Despite multiple studies investigating treatment options for PSC,

currently there is no effective medical therapy. It has been postu-

lated that vedolizumab, a selective a4b7 integrin antibody, may alter

the disease course of progressive PSC by blocking lymphocyte traf-

ficking to bile ducts, which, during chronic inflammation, express

MadCAM-1. However, the findings of the current multi-centre, mul-

ti-national cohort suggest that vedolizumab has little impact on liver

biochemistry or the Mayo PSC Risk Score in the vast majority of

patients with PSC. Some patients did demonstrate a small and per-

sistent decrease in the serum alkaline phosphatase following initia-

tion of vedolizumab, but likewise there were several patients who

commenced the study with normal alkaline phosphatase levels and

also had small subsequent increases in their alkaline phosphatase.

While our findings support a tendency in patients with elevated

alkaline phosphatase and PSC-IBD to decrease the enzymes

concentration early in follow-up, the effect was not sustained

through 30 weeks, nor did it represent a clinically meaningful change

in only 10% difference in alkaline phosphatase following vedolizu-

mab treatment. In addition, four of eight patients with normal alka-

line phosphatase at commencement of therapy developed abnormal

levels over 30 weeks of therapy and the overall increase in alkaline

phosphatase levels in these patients was statistically significant at

both week 14 and week 30. Of note, this increase was not due to

the PSC in all patients and, despite this increase, only one patient

required cessation of vedolizumab secondary to drug-induced liver

damage and not progression of their PSC. However, the overall

changes in alkaline phosphatase, both up and down, were small and

appeared clinical inconsequential. Certainly, the short-term biochemi-

cal effects in this study do not inspire confidence that longer term

results will be any more impressive.

Whether vedolizumab slows the progression of alkaline phos-

phatase increase cannot be ascertained without a control group.

Reduction in alkaline phosphatase has been associated with longer

survival in PSC, and a recent PSC study group consensus statement

identified alkaline phosphatase as a potentially promising surrogate

endpoint for PSC clinical trials.23 However, the potential that

changes in liver biochemical profile do not reflect long-term progres-

sion of liver disease must be taken into account in interpreting the

current results. Lessons from experience with ursodeoxycholic acid,
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the most well described treatment for PSC, indicate that significant

improvement in liver biochemistries in patients with decrease serum

alkaline phosphatase activities by up to 67%6,24-26 have not been

reflected in improved clinical outcomes and in fact, more recently,

high-dose ursodeoxycholic acid has been associated with worsening

clinical outcomes and the development of colorectal cancer.27,28

Whether PSC itself is at all reversible is something that is yet to

be determined. In this short-term study, we have relied on improve-

ment in liver biochemistry to determine the utility of vedolizumab in

patients with PSC. It is therefore presumed that, in part at least, the

damage and increase in alkaline phosphatase in PSC is reversible.

This may not be the case and is a limiting factor in all studies exam-

ining treatment options for PSC. Currently, trials in PSC therapeutics

have been severely hampered by the time taken to reach clinically

significant end-points and that there is no well-defined early surro-

gate marker for disease outcomes.29 This study is no different and

longer term, multi-centre and case-control studies of patients with

PSC and IBD treated with vedolizumab will be required to determine

if exposure to vedolizumab alters the rate of development of

advanced liver disease, need for liver transplant, colorectal cancer

and cholangiocarcinoma despite seeming to have little benefit on

liver biochemistry.

In this study, IBD-PSC patients who had active intestinal disease

achieved rates of clinical remission with vedolizumab similar to those

previously reported.11,30-33 However, despite vedolizumab being clin-

ically effective in the IBD-PSC patient cohort, we found low rates of

mucosal healing and histological remission. It has previously been

reported that vedolizumab achieves mucosal healing in 50% of UC

patients9,31 and 20%-30% of CD patients.11,31 In our study, no

patient with CD and PSC achieved mucosal or histological healing

and only one of seven with UC achieved mucosal healing and histo-

logical remission. How these rates compare directly to IBD-PSC

patients on other therapies is unknown but a recent paper by Kru-

gliak Cleveland et al34 did demonstrate that UC patients with PSC

who were in clinical remission were significantly more likely to have

endoscopic and histological inflammation compared to UC patients

without PSC. This warrants further attention as ongoing histological

inflammatory activity35 and PSC36 are associated with an increased

risk of bowel neoplasia. Furthermore, a theoretical concern with the

use of vedolizumab is an increased risk of colorectal cancer due to

decreased immune surveillance of the gut. Reassuringly, no associ-

ated increased risk of colorectal cancer has been found in long-term

safety studies on vedolizumab compared to the general IBD popula-

tion.37

Our study has shown that vedolizumab is safely administered to

patients with IBD-PSC. In this cohort, seven (21%) patients ceased

vedolizumab therapy after a median of 8 months (IQR: 5.5, 8) of

which six were for primary nonresponse to vedolizumab. One patient

had normal liver function tests prior to commencing vedolizumab

but developed drug-related hepatotoxicity and was required to cease

vedolizumab. Two further patients did develop cholangitis, one of

which required liver transplantation for deterioration of liver disease

and recurrent cholangitis after 7 months of therapy. The second

patient had an elevated liver function profile at baseline that failed

to improve after 3 months of vedolizumab therapy and was found

to have a dominant biliary stricture on ERCP that required dilation.

There were no other severe adverse events associated with vedoli-

zumab use in this population, and the 12% of patients with minor

adverse event were expected and similar as those reported in previ-

ous studies.11,30,31

There are a number of notable limitations to this study. First, all

data collection was performed retrospectively, but, since the

included centres are all major referral centres for IBD and liver dis-

ease, we were able to collect data obtained from routine clinic visits.

Although we strengthened the data quality using objective outcome

assessments where possible, there may still be bias present in the

clinical follow-up of patients. Secondly, the sample size was small,

which may have contributed, for example, to the failure to observe

statistical significance in changes in liver biochemistry, particularly at

week 30 outcomes where large interquartile ranges are observed.
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However, the absolute difference in the primary outcomes of alka-

line phosphatase levels does not appear to be clinically significant

even if larger patient numbers were able demonstrates a statistically

significant difference. The small sample size, however, also did not

allow comparison of liver biochemistry improvement between differ-

ent sub-groups including those with intra versus extrahepatic PSC or

history of liver transplant to be adequately explored. The patients

included in this study were also more likely to have CD than UC

which is not reflective of the ratios of CD versus UC in the general

PSC population. This is likely secondary to the fact that at the time

of this study vedolizumab was primarily used to treat the intestinal

disease activity rather than the PSC and in some centres, including

the University of Chicago, the majority of patients commenced on

vedolizumab had CD.30,38,39,40 There is also the possibility that

changes in ALP were secondary to other causes like low vitamin D

status. Unfortunately, vitamin D levels were not assessed in this

study but it is felt the likelihood of this altering the results signifi-

cantly is low as all patients were treated at large academic centres

where Vitamin D levels are routinely assessed and aggressively

replaced. Finally, this study is limited by its short duration of follow-

up. Changes in liver biochemistries were only assessed to week 30

of therapy and, therefore, longer term outcomes such as need for

liver transplantation, development of cirrhosis or cancer incidence

were unable to be assessed. Clearly larger, prospective, multi-centre

studies are required to look at this question in more detail.

In conclusion, our study did not demonstrate sustained improve-

ment in liver biochemistries in patients with UC and PSC treated

with vedolizumab, and in fact revealed a modest increase in alkaline

phosphatase in patients who had normal levels prior to vedolizumab

commencement. This increase rarely resulted in discontinuation of

vedolizumab, and we have demonstrated that vedolizumab therapy

appears safe in patients with PSC, advanced liver disease and a his-

tory of orthotopic liver transplantation. In addition, clinical response

and remission in IBD activity seems to be similar to the population

of patients with IBD without PSC, although rates of mucosal healing

may be lower. Future registry studies should focus more on whether

vedolizumab can improve long-term clinical outcomes in PSC

patients including decreasing the development of new biliary stric-

tures, cirrhosis, need for transplantation and cancer incidence.
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Part 4: Conclusion and integrated discussion 
 

4.1  SUMMARY OF FINDINGS 

 

4.1.1 Histologic healing in IBD 

Histology has emerged as a key prognostic marker in IBD and is emerging as a treatment target 

in UC. Yet, there has been a historical transatlantic divide in the utilisation of histology in 

clinical practice. In both North America and Europe, histology has been employed for the 

diagnosis of IBD and for the post-diagnostic assessment of dysplasia.(140) However, although 

assessment of histologic healing has, in some European countries, been considered useful as a 

prognosticate marker in UC, routine assessment has generally been limited.(141) In 2016, a 

shift in interest occurred when the Food and Drug Administration (FDA) announced that in 

clinical trials, the claim of endoscopic mucosal healing must be supported by histologic 

assessment.(142) This prompted pharmaceutical trials to include histologic endpoints and 

resulted in an expanded interest in histologic outcomes in IBD. However, despite this, evidence 

confirming why histologic outcomes are important in IBD have been required.  

 

The University of Chicago IBD prospective database has defined care and clinical data 

outcomes in IBD patients and provided an excellent opportunity to address some of these 

issues. Despite the limitations of a retrospective analysis and the unvalidated scoring systems 

for histopathological assessment of biopsies, interrogation of this database enabled key 

information on the clinical meaning of histologic outcomes in IBD to be defined. 
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The major findings from this thesis and clinical implications include: 

Complete histologic normalisation is possible in patients with UC  

Histologic normalisation occurs in 10% of patients with ulcerative colitis and is associated with 

limited disease extent.  

 

Complete histological normalisation is associated with improved clinical outcomes 

compared to histologic quiescence 

Histologic normalisation in UC, when complete, leads to improved clinical outcomes and 

reduced rates of clinical relapse above that of endoscopic healing or histologic quiescence. 

Further research from our group has since determined that this normalisation does not represent 

a cure and may be transient, however in this setting the finding is still associated with a 

favourable prognosis.(Supplementary 1)(122) Hence histologic normalisation of colonic 

mucosa can be used as a clinical endpoint in UC. 

 

Segmental disease regression occurs in patients with ulcerative colitis but is not associated 

with improved outcomes 

Incomplete normalisation or regression of disease in UC occurs in one third of patients but 

unlike complete histologic normalisation, is not associated with improved clinical outcomes. 

This is an important observation confirming that widespread histologic healing in UC is 

required and sampling multiple colonic segments is important to confirm histologic remission 

based on location. Furthermore, normalisation when patchy, usually occurs in a proximal to 

distal direction and results in complete left-sided normalisation with residual right-sided 

activity in less than 0.2% of patients. These findings, although focusing on histologic outcomes, 

verify current guidelines on endoscopic reporting in UC clinical trials, where the worst affected 

segment is assessed and reported, not the cumulative bowel damage or inflammation. 
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Furthermore, these findings support that this current endoscopic strategy be extended to 

histologic indices in UC, as is the case in the recently validated Nancy and Robarts’s 

histological indices.(37, 38) In addition, this study verifies that flexible sigmoidoscopy is 

adequate to determine histologic healing and prognosticate future risk of relapse in almost all 

cases of UC.  

 

Histologic healing is possible in ileal Crohn’s disease and is associated with improved 

clinical outcomes 

Half of patients with ileal CD in clinical remission achieve histologic healing and this healing, 

not endoscopic healing, is associated with a decreased risk of clinical relapse, medication 

escalation and corticosteroid use. This suggests that histologic assessment in CD should be 

utilised as a prognostic biomarker in clinical practice and incorporated into clinical trial 

endpoints.   

 

These studies have contributed to a major move to incorporate histology into protocols for trials 

and momentum is gathering to incorporate histologic endpoints into real-world practice, 

particularly when treating UC.  

 

4.1.2 Vedolizumab: A new therapy to improve outcomes in IBD 

As noted above, over the last few years there has been a paradigm shift in IBD treatment goals 

to that of endoscopic mucosal healing plus or minus histologic healing. However, a limiting 

factor when trying to achieve this goal is that a proportion of patients will have primary non-

response or secondary loss of response to any one treatment or may need to cease therapy 

secondary to side-effects. There is, therefore, an unmet need for additional medical therapies 

that can enable healing themselves or in conjunction with other currently used approaches.  



131 

Recently there has been a several new medications that have been approved for the treatment 

of IBD. Vedolizumab was approved by the FDA in 2013 at the commencement of this research 

project. Vedolizumab has an advantage of a favourable safety profile due to its relative gut-

selective mechanism of action. However, disadvantages include perhaps a more gradual onset 

of action in more severe disease when compared with the relatively rapid effects of other 

biologic therapies. This thesis looked at efficacy and safety of vedolizumab when used as sole 

therapy in the “real world”, the utility of combination therapy with a calcineurin inhibitor in 

more severe patients and its potential as a treatment in those with IBD-PSC where there is no 

currently proven therapy for the biliary disease.  

 

A prospective database with defined care and clinical data was developed. Patients consented 

and had their clinical and disease characteristics collected. The strengths of this dataset were 

the large sample size for a real-world study, and the tertiary setting and expertise of the doctors 

involved. Mucosal and histologic healing outcomes with standard and escalated dosing 

regimens and when combined with other immunomodulating drugs, and the efficacy and safety 

of vedolizumab in the IBD-PSC patient cohort were assessed. 
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The major findings from this thesis and implications for clinical practice include: 

Vedolizumab is an effective and safe medication for the treatment of CD and UC in the 

real-world 

First, similar to clinical trials, it was found that one-third of patients achieve long-term steroid-

free clinical remission in both UC and CD.(143) The percentage of patients who achieved 

week-14 clinical remission appeared superior to the week-6 major clinical trial end-points with 

half of UC patients and one third of CD patients achieving clinical remission compared to 17% 

and 15% respectively in the GEMINI studies.(119, 144) This is likely secondary to the 

cumulative benefit of vedolizumab over the first three months of therapy, which has been 

described as having a slower onset of action compared to some other commonly-used biologic 

medications.(122) 

 

Second, mucosal healing is achieved in one half of UC and one third of CD patients following 

12 months of vedolizumab therapy. Just less than one quarter of CD patients and half of UC 

patients achieve histologic remission. More recent studies have reported either similar or only 

slightly lower rates of both mucosal and histologic healing confirming the efficacy of 

vedolizumab in controlling inflammation at a microscopic level.(120, 123, 145)  

 

Third, the benefit of dose escalation by decreasing intervals between vedolizumab infusions 

was confirmed. One quarter of patients who receive dose escalation achieved glucocorticoid-

free clinical remission supporting the notion that, similar to other monoclonal antibodies, 

increased dosing intervals with vedolizumab are beneficial in some patients. Subsequent 

studies confirm that higher vedolizumab levels are also associated with increased rates of 

mucosal and histologic healing.(146)  
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Fourth, unlike the increased response rates seen with combination therapy when using anti-

TNF therapies, no additional benefit in terms of clinical remission, endoscopic mucosal healing 

or histologic healing is seen with the addition of an immunomodulator when treating patients 

with vedolizumab therapy. This has since been confirmed in other studies.(144, 145, 147)  

 

In addition, it was found that vedolizumab is similarly effective in both anti-TNF naïve and 

anti-TNF experienced patients. However, other studies including the large clinical trials, have 

demonstrated that vedolizumab is less effective in patients who have previously failed anti-

therapy.(148) The reasons for the discrepancy are unclear but may be secondary to sample size. 

Therefore, where possible, vedolizumab should be used as a first-line biologic therapy for 

enhanced therapeutic effect.  

 

Finally, week-14 steroid-free clinical remission was associated with week-52 steroid-free 

clinical remission and achievement of mucosal healing after 6 months of therapy was 

associated with ongoing vedolizumab treatment. These findings confirm the role of early 

clinical and objective assessment of treatment response and endoscopic healing to predict 

improved clinical outcomes in the longer term. 

 

Combination therapy with vedolizumab and a calcineurin inhibitor is safe and effective 

in the treatment of UC and CD 

Calcineurin inhibitors are safe and effective as a bridge to long-term maintenance with 

vedolizumab. Utilising this algorithm, almost half of treatment-refractory UC patients and one 

third of CD patients can eventually achieve steroid-free and calcineurin inhibitor-free clinical 

remission. In addition, patients who have primary non-response or secondary loss of response 

to vedolizumab can successfully and safely undergo salvage therapy with a calcineurin 
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inhibitor, and then transition successfully back to vedolizumab maintenance in the longer 

term.(149) This has been confirmed in several small UC studies (150-152) and become a 

standard therapeutic treatment option for steroid-refractory or intolerant patients who have 

failed anti-TNF therapy and in those with severe or complex disease. Further research from 

this original study has also confirmed that this treatment strategy can be used in patients 

specifically with severe steroid-refractory ulcerative colitis. (Supplementary 2)(104) In this 

cohort, calcineurin inhibitors rapidly induce response and remission and vedolizumab 

effectively maintains that remission. This combination can lead to colectomy avoidance and 

should be utilized by IBD specialists.  

 

Vedolizumab is not useful in the treatment of liver inflammation in patients with IBD-

PSC 

Despite making mechanistic sense, vedolizumab does not lead to improved liver enzyme tests 

in patients with PSC-IBD.(6)  This study has been critical at informing treatment decision-

making in this patient cohort. Of note, vedolizumab did not appear to significantly worsen the 

liver disease and was effective at improving bowel disease in patients with IBD-PSC with 

similar rates of clinical remission achieved when compared to non-PSC patients.(6)  However, 

as previously reported with other medical therapies, very few patients with IBD-PSC treated 

with vedolizumab achieved mucosal and/or histologic healing, which therefore requires close 

monitoring given the increased risk of bowel cancer in these patients.(Supplementary 3)(6, 153, 

154)  
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4.2  UNANSWERED QUESTIONS AND FUTURE DIRECTIONS 

There remain multiple unanswered questions in addition to new questions that can be posed 

following the data outlined in this thesis.  

 

4.2.1 Treatment Targets and Optimising Current Therapies 

Expert guidelines now recommend a target of endoscopic healing in both UC and CD when a 

treat-to-target strategy is utilized.(41) In UC, the agreed endoscopic target is endoscopic 

remission defined as a Mayo Score of 0-1.(41) There is a push for this to be further tightened 

to a Mayo Score or UCEIS score of 0 as it has been recognised that more stringent endoscopic 

disease control leads to improved clinical outcomes.(155) In CD, the current agreed endoscopic 

target is resolution of ulceration at ileo-colonoscopy.(41) However, before aggressively 

implementing strategies to reach such targets, there are a few key questions that should be 

addressed. These include whether a healed mucosa is an achievable target, whether such 

strategies lead to over-treatment with implications of increased cost and adverse effects of both 

the therapy and the psychological effects on the patients, and in whom such a strategy should 

apply.  

 

Since the commencement of this PhD, there has been an explosion of publications on the role 

of histology and outcomes in IBD. The utility of histologic assessment in UC is now firmly 

established. Many studies have since demonstrated that quiescent histology leads to improved 

outcomes and validated histologic indices have been developed.(37, 38, 156) Histology as an 

outcome is now integrated into pharmaceutical clinical trials and histologic assessment in UC 

have been recommended as an adjunct to mucosal healing in clinical care.(41)  
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However, few studies have looked at the role of histology in therapeutic decision-making or 

prognosis in patients with CD and assessment of histologic outcomes it is yet to be established 

as important to clinical care. Our study was one of the first to establish that there may be utility 

of histologic assessment in CD with improved clinical outcomes in ileal CD patients who 

achieve histological healing over endoscopic healing alone. Although, this study was on a 

highly restricted patient cohort it suggests that histological treatment targets should be explored 

in other CD phenotypes and further studies on the impact of histologic outcomes on prognosis 

are required.  

 

Can we treat to histologic healing? 

Evidence is emerging that rates of endoscopic mucosal healing in CD are improved with 

frequent objective disease monitoring and subsequent adjustment and escalation of therapy 

when this monitoring signals endoscopic healing has not been achieved. A small cohort-study 

demonstrated that CD patients who underwent repeated endoscopy procedures within 26 

weeks of treatment with adjustment of therapy when mucosal healing was not observed were 

more likely to achieve mucosal healing on follow-up.(157) Further, in the setting of curative 

intestinal resection, De Cruz and colleagues demonstrated that patients who were actively 

assessed after surgery and had escalation of medical therapy if found to have significant 

anastomotic recurrence were more likely to achieve mucosal healing (22% vs 8%, p=0.03) on 

further follow up compared to those who were managed according to standard of care and 

clinical symptoms.(158) Finally, Colombel et al(73) prospectively demonstrated that tight 

objective monitoring and adjustment of therapy based on clinical and objective markers 

(CDAI ≥150, CRP ≥5 mg/L or faecal calprotectin  250 g/g) was associated with increased 

rates of mucosal healing on follow-up compared with relying on clinical symptoms alone. 

Week 56 mucosal healing rates were significantly higher in those managed in the tight 
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control group compared to those managed on clinical symptoms alone (46% vs 30%, 

p=0.010), and patients in the tight control group had fewer CD-related hospitalisations and 

were more likely to achieve symptomatic remission. These studies now need to be replicated 

to determine if histologic healing can be achieved with escalation or optimisation of medical 

therapy in CD patients.  

 

Regular assessment with adjustment of therapy also appears to improve the likelihood of 

achieving mucosal and histologic healing in patients with UC. In a retrospective analysis of 

patients undergoing colonoscopy, dose adjustment or escalation of medical therapy if mucosal 

healing was not observed was associated with better outcomes, including the cumulative 

probability of reaching mucosal healing and histologic healing than those who were managed 

expectantly(159). Factors independently associated with mucosal and histologic healing after 

referral were disease duration ≤ 2 years, familial history of IBD, anti-TNF therapy at baseline 

and any adjustment in medical therapy in cases of persistent endoscopic activity (hazard ratio, 

5.05; 95% confidence interval, 1.67-19.04; p=0.0031).  

 

Thus, earlier, more effective use of medication may increase the likelihood of achieving 

mucosal and histologic healing and the assessment of endoscopic disease activity with 

adjustment of medical therapy to target mucosal healing is feasible in clinical practice and is 

of benefit. Despite this, it is important to note that mucosal healing may not be a realistic 

treatment goal in all patients and histologic remission, by its nature, occurs later than 

endoscopic mucosal remission. Therefore, given the efficacy of our existing medications and 

concern that patients would burn through limited therapeutic options, histologic healing is 

currently more appropriately utilised as a prognostic biomarker in IBD and not as the ultimate 

treatment target.  
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What can be done if a patient is in clinical remission and found to have mucosal or 

histologic inflammation? 

As discussed above, symptoms are a poor guide to the presence of ongoing inflammation in 

the intestine.(160, 161) If a patient who is in clinical remission is found on objective criteria to 

have mucosal or histologic inflammation, an open dialogue and shared decision-making is 

necessary in order to plan future therapy.   Some patients may describe clinical remission, but 

on closer questioning, have normalized their active symptoms or developed learned 

helplessness in relation to their active disease.(21)  In the discussion about achieving mucosal 

healing, symptom control and the side effects of therapy should be acknowledged, but a 

discussion about the risks of uncontrolled inflammation and resulting progressive disease 

should also occur, including the short and long-term goals of disease control and a modified 

natural history of disease progression.  

 

There are several reasons a patient may not accomplish mucosal or histologic healing in IBD. 

This can be due to changing patterns of their disease over time, ineffective therapies including 

mechanisms that do not work, inter-patient variation, wrong dosing of medications, or lack of 

patient adherence. The clinical approach should, therefore, be targeted to optimising therapy. 

 

First, adherence to therapy should be assessed and barriers addressed. Up to 60% of IBD 

patients are nonadherent to their prescribed oral medication and nonadherence is associated 

with up to a 5.5 times increased chance of disease flare compared to adherent patients.(162, 

163) Education focusing on IBD, symptoms and medication regime, dose simplification and 

behavioural strategies including reminder systems can all improve adherence.(164)  

Secondly, dosage and/or mode of delivery of current medication should be evaluated. This 

may be in the form of giving the optimal dose or formulation of 5-ASA medications or 
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adding rectal therapy. For thiopurines, anti-TNF monoclonal antibodies and increasingly the 

newer biologics including anti-integrin and anti-IL23 therapies, the principles of therapeutic 

drug monitoring should be applied.  Assessing the metabolites of azathioprine or 

mercaptopurine enables non-adherence, under-dosing, inefficacy and so-called shunting to 

methylated, inefficacious metabolites (corrected by the use of allopurinol) to be identified, 

and subsequent optimisation strategies to be effected.(165, 166) Trough levels of biologics 

will provide key information as to optimisation by increasing the dose or decreasing the 

dosing interval of the current therapy, switching therapy to another drug within the same 

class or switching therapy to a drug outside the class, or adding a drug to the ongoing 

treatment regimen (for example an immunomodulator if patients are on monotherapy with a 

biologic).(167) Thirdly, increasing dosage (not on a TDM basis), or introducing new 

therapies as replacement or addition needs to be addressed. At this stage combination therapy 

with two biologics is not standard of care, but there is some evidence for efficacy of this 

approach in case series and we await clinical trial data from combination biologics including 

anti-TNF and vedolizumab (EXPLORER – Registered with ClinicalTrials.gov Trial Identifier: 

NCT02764762) and anti-TNF and IL-23 (VEGA – Registered with ClinicalTrials.gov Trial 

Identifier: NCT03662542).(168) These combinations are the most obvious due to the 

considerable safety profile of vedolizumab and anti-L23 therapies.(168)  Fourthly, the use of 

adjunct therapies that might enhance the action of current therapies should be considered. As 

this thesis demonstrates, the combination of biologics and calcineurin inhibitors is an 

effective treatment strategy to achieve mucosal and histologic healing, and allows transition 

to long-term monotherapy with vedolizumab.(149) Enteral nutrition is also a therapeutic 

option and there is emerging evidence for dietary intervention with other low inflammatory 

diets in Crohn’s disease.(6, 104, 169) Finally, if inflammation is mild, supplemental products 
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like fish oil, turmeric, mindfulness and other complementary and alternative therapies, could 

be considered.(170) 

 

What is the risk benefit of over-treatment versus under-treatment? 

Although it is thought that mucosal and histologic healing will improve long-term outcomes, 

it is still unclear just how much healing is required to impact outcomes.(167) While this thesis 

has demonstrated that the depth of healing seems to dictate outcomes(171, 172), whether the 

achievement of such healing by escalating therapy above standard approaches on the basis of 

ongoing inflammation rather than symptoms has only been shown in a few studies, even though 

it is intuitively likely. As previously discussed in this thesis, the data on feasibility of achieving 

mucosal and particularly histologic healing are limited. In any medication adjustment, the risks 

of medical escalation must be weighed against the benefits of achieving mucosal healing. Such 

escalation has the potential to increase the risks of adverse effects of the medication or level of 

immune suppression achieved. It might also increase the cost of therapy, especially with the 

use of patented small molecules or of biologics, which are inherently expensive. Furthermore, 

the anxiety created in the patient related to the desire to heal in order to prevent complications 

is very real; anxiety and depression has been found to be increased in patients with coeliac 

disease who have achieved mucosal healing which is hypothesized to be mediated through 

more vigilant compliance with a gluten‐free diet.(112) It is therefore of concern that aiming 

and achieving the goal of mucosal and histologic healing may result in an increased risk of a 

mood disorder.(112) 

 

How should we incorporate treatment targets into clinical practice? 

Current targets of therapy should include endoscopic and histologic assessment but treating to 

histologic healing is currently not feasible and without evidence. Whilst treating to clinical 

symptoms in IBD is important to aid a patient’s immediate quality of life, it alone does not 
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provide optimal long-term outcomes or prevent disability when used as a stand-alone treatment 

target. To improve long-term outcomes, it is now established that treating to mucosal healing 

is required. As mentioned, there is a growing body of evidence that mucosal healing is an 

achievable treatment goal in patients with IBD.  

 

To achieve mucosal healing, the treatment algorithm begins with a baseline assessment of 

disease activity with endoscopic evaluation including histologic assessment. (See Figure 1)  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Treat to target in IBD: A treatment algorithm (173) 

 

This baseline evaluation can be paired with a surrogate marker, such as CRP if the patient 

increases their CRP with inflammation, or a faecal marker. To achieve mucosal healing, 

patients require the introduction of more intensive treatment initiated early in the course of the 

disease. The choice of therapy should be based on the severity and prognosis of the patient 
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using an effective therapy to achieve early disease response and limiting patient’s exposure to 

steroids. Between three to six months (earlier if the faster acting anti-TNF therapies are utilized 

and later if the slower acting anti-metabolite medications are used) reassessment should occur. 

Currently this is ideally with endoscopic assessment including histologic assessment, but other 

surrogate markers including CRP if previously increased or serial calprotectin, MR or US may 

have a role. If on reassessment, mucosal healing (or significant improvement) has not been 

achieved, a discussion about treatment options and goals should take place with the patient. If 

the patient has active clinical symptoms and mucosal inflammation, and the patient is 

agreeable, escalation of medical therapies should occur. If there is significant mucosal 

inflammation, then consideration of up-titration of medical therapy should be given 

irrespective of the symptomatic status of the patient.   This should start with optimization of 

the existing therapy, with dose adjustments and pharmacokinetic optimisation using 

therapeutic drug monitoring as a consideration. Due to the lower risk, if histologic 

inflammation is present in the absence of mucosal healing, one could also confirm optimisation 

of current therapies however there is no current evidence to support escalating to a new therapy 

or switching therapies. Any adjustment of therapy must be re-assessed in another 3-6 months.  

If a treatment adjustment has not achieved the desired goal, de-escalation of that therapy should 

be considered.  

 

Where patients have achieved mucosal healing but continue to have ongoing clinical 

symptoms, more stringent control of inflammation and achievement of histological healing has 

not demonstrated improved symptom relief.(174)  In these patients it is important to recognise 

that non-inflammatory changes, bowel damage and irritable bowel syndrome can result in 

chromic symptom persistence.(174) Possible therapies in this scenario can include a trial of a 

low FODMAP diet with careful attention to nutritional adequacy, psychological therapies, 
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osmotic and stimulant laxatives in those with chronic constipation, hypomotility agents or bile-

acid sequestrants for those with chronic diarrhoea, antispasmodics, neuropathic-directed agents 

and anti-depressants for those with abdominal pain in addition to probiotics, pelvic floor 

therapy and/or physical exercise.(175)  

 

Once mucosal healing is achieved, then frequent clinical and objective monitoring with 

surrogate markers of mucosal healing should occur to assess for disease drift or early relapse 

every 6-12 months.  To confirm maintenance of mucosal healing, endoscopic evaluation of the 

mucosa should also be considered every 1-2 years.(167) At this stage, biopsies to assess 

histology should be undertaken to further prognosticate the patient.  

 

4.2.2 Novel treatment strategies to improve clinical outcomes in IBD 

Vedolizumab is a safe and effective medication in the treatment of IBD, but a large percentage 

of patients will fail to have an adequate treatment response.  The last decade has seen major 

advances in the treatment of IBD and many new therapies have become available. Despite this, 

a significant proportion of patients will fail to achieve clinical remission and there is currently 

no way of determining which medication will give the optimal outcome for the individual 

patient. Position of existing therapies requires a wholistic approach taking into consideration 

the individualised needs of the patient. In addition, novel treatment strategies may need to be 

explored.  There are several key areas that require exploration in this space. 
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How do you position existing and emerging biologics?  

There is a lack of head-to-head trials between the different biologics. The drought was broken 

by the recent VARSITY study that demonstrated that vedolizumab may be more effective at 

inducing and maintaining clinical remission and endoscopic healing when compared to 

adalimumab in both anti-TNF naïve patients and those that have previously failed therapy.(176) 

However, this study was hampered by major limitations including no forced corticosteroid 

wean and no ability to dose escalate or add an immunomodulator in patients on adalimumab. 

Hence, at the end of the trial, more patients were actually in steroid-free clinical remission with 

adalimumab than with vedolizumab (21.8% vs 12.6%). Therefore, several questions remain 

unanswered and the data need to be interpreted with caution. More rigorous trials comparing 

outcomes between the different biologics are required and predictors of treatment response in 

regard to the placement of those medications requires exploration. 

Without head-to-head randomised controlled trials to compare efficacy, comparative 

observational effectiveness studies and network meta-analysis have tried to answer some of 

these questions but with differing conclusions.(177-182)  It is important to note that these 

comparisons are indirect and this information should be combined with our own clinical 

experience, knowledge around patients disease phenotype and genotype and consideration of 

patients priorities and concerns. More work in this space needs to occur and genetic and disease 

specific predictors of response to the individual medications needs to be explored. Currently 

recommendations are based on expert opinions rather than high-quality evidence due to this 

lack of head-to-head trials.(183) Therefore, the optimal position of therapies in these 

algorithms remains unclear.  
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What is the efficacy and safety of combination therapies with biologics or small 

molecules? 

The concept of combined therapies that have additive or synergistic modes of action to optimise 

benefits has been utilised for many years. In fact, the tendency to accumulate rather than replace 

medicine has been criticised in the use, for example, of aminosalicylates with thiopurines or 

other anti-inflammatory therapies.(184, 185) In the biologic era, combination therapy has been 

the recommended optimal way to achieve efficacy and longevity with anti-TNF agents, namely 

with thiopurines or methotrexate.(186, 187) However, beyond concomitant 

immunomodulators, there has been a reluctance to combine biologics with biologics or with 

other small molecules with seemingly potent effects. Reasons for this are not entirely clear, 

except for the obvious drug costs they entail. Concerns regarding the possible side-effects of 

combining these therapies are also cited however this seems overly cautious given the known 

safety profile of particularly the newer biologics like vedolizumab and ustekinumab.(188) 

Response rates with current therapies are sub-optimal and combining biologics and small 

molecule therapies with different modes of action in IBD has the potential to increase the 

proportion of patients who achieve clinical remission and mucosal healing.  Further studies 

exploring the efficacy and safety profile of combination therapies in IBD are therefore urgently 

needed.  

 

We broke some barriers by combining vedolizumab with calcineurin inhibitors and found such 

a strategy in challenging clinical situations to be an effective treatment strategy. However, the 

side effect profile limited such use due to the toxicity of calcineurin inhibitors, but, we believe, 

not due to the combination. Given the safe side-effect profile of vedolizumab and the low 

likelihood that it will synergise with other therapies in terms of adverse effects, other 

combination therapeutic strategies with this biologic require assessment including: 
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• Combination therapy for induction of clinical remission with a JAK-inhibitor 

(tofacitinib) bridging to maintenance vedolizumab in those with acute-severe or 

moderate to severe ulcerative colitis. This would be particularly attractive in patients 

who have previously failed anti-TNF therapy or who have a contraindication to long-

term treatment with an anti-TNF.  

• Combination therapy with ustekinumab or anti-TNF therapy in patients with severe or 

treatment refractory IBD.  

 

Due to the safety profile of vedolizumab, this is the most attractive biologic to consider first 

line as a combination therapy with another biologic or small molecule agent. However, case 

reports with ustekinumab and anti-TNF therapies also appear safe and may have an efficacy 

signal in the rheumatoid and dermatological spaces so are also worth exploring in IBD 

patients.(168) 

 

Are there emerging treatment strategies for IBD-PSC? 

Currently, there are no definitive medical treatments for PSC. Research in this area has been 

hampered by a slow and variable disease process, no clear surrogate biomarker of disease 

severity or response and low patient numbers. To date, multiple studies on medication targeting 

the immune system, including our study on vedolizumab and IBD-PSC(189), have failed to 

demonstrate any benefit in the inflammatory component of the liver inflammation in IBD-PSC. 

Until we know the cause of PSC or at least have a better understanding of its pathogenesis, 

determining therapeutic strategies will remain challenging. Currently trials looking into the 

role of genetics, the microbiome, gut permeability and toxic bile and how they influence 

disease progression are being undertaken.(190) Regarding treatment, it seems future studies 

will need to determine if a combination of anti-inflammatory therapies, bile acid based 
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therapies and anti-fibrotic therapies can hamper or halt PSC disease progression. In addition, 

determining novel biomarkers that can easily be tested to define disease severity, to predict 

disease course and to be responsive to modulation of hepatic inflammation related to the PSC 

are required. Currently change or normalisation of alkaline phosphatase (ALP) is the most 

widely used primary efficacy end point to measure response to therapy in PSC and is employed 

in the majority of clinical trials including the study in this thesis.(191) Supporting this,  

normalisation and reduction of ALP has been associated with improved clinical outcomes(192) 

and expert consensus endorse its current use as a surrogate endpoint.(193) However, thresholds 

that predict improved clinical outcomes still need to be clarified and it utility is limited as ALP 

levels do not accurately predict need for liver transplant or the development of 

cholangiocarcinoma and colorectal cancer.  

 

4.2.3 Future Directions 

In light of the results of the studies reported in this thesis, many research questions have 

emerged. In Table 1, questions with regards to further establishing the role of histologic 

assessment and the position and placement of biologics into routine clinical and trial settings 

future research needs are outlined. Those research questions have a common goal of optimising 

personalized medicine in IBD. There are many new and emerging medications with varied 

mechanisms of actions in IBD and patients have different disease phenotypes. It can be difficult 

to know when and how to use each medication at an individual patient level. Research is 

required exploring the best treatment strategy for the individual patient utilising personalised 

biomarkers to select the most effective medication to improve treatment outcomes and to 

optimise the treatment target in that individual patient.  
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Table 1: Future Research Directions  

Histologic 

outcomes in IBD 

Development of a validated CD histological index  

Establish validated guidelines on biopsy protocols including the number and location of biopsies required in both UC and CD and 

the timing of such assessment in line with therapy commencement 

Confirm the limitations of histologic outcomes in CD including its patchiness, the necessity of capturing submucosal layers and the 

importance of transmural vs histologic healing 

Determine if treatment escalation can achieve histologic healing or histologic normalisation in both UC and CD.  

Compare outcomes in patients randomised to the following treatment targets: clinical remission vs clinical and endoscopic remission 

vs clinical and endoscopic and histologic remission  

Determine outcomes of patients who achieve mucosal healing vs histologic healing vs transmural healing 

Determine if patients who achieve histologic normalisation or quiescence can have less frequent monitoring or benefit from treatment 

de-escalation 

Since endoscopic and histologic assessment is poorly tolerated by the patient and lacks practicality, determine: 

If novel non-invasive treatment targets and endpoints including calprotectin and intestinal ultrasound normalisation can replace or 

reduce reliance on endoscopic mucosal and histologic endpoints 

Whether the treat-to-target and tight-control protocols (e.g., frequent monitoring with calprotectin and C-reactive protein) used in 

the CALM study in newly diagnosed biologic naive patients (73) can relay benefit in the more typical IBD patient in a “real-world” 

setting 
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Vedolizumab in 

IBD and PSC 

Explore the efficacy of vedolizumab in treating the extra-intestinal manifestations of IBD including joint inflammation and perianal 

disease 

Explore the role of therapeutic drug monitoring (TDM) with vedolizumab: Does prospective TDM with vedolizumab (and other 

newer biologics like ustekinumab) improve clinical outcomes? 

Explore further treatment options for the liver inflammation and eventual bile duct fibrosis and stricture development in IBD-PSC: 

there are currently multiple clinical trials exploring this space 

Explore whether a prospective treat-to-target strategy in patients with IBD-PSC can improve bowel histologic healing rates and 

whether this decreases colonic cancer risk 
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4.3  CONCLUSION 

 

This thesis has demonstrated that histologic healing in CD and histologic healing or 

normalisation in UC are associated with improved short- and long-term clinical outcomes. 

Thus, patients who achieve such histologic goals have longer periods of clinical remission, 

reduced hospitalizations and surgery and are less likely to develop colorectal neoplasia. With 

modern therapies, histologic healing is an obtainable goal in many patients. However, there 

remains a treatment gap. New therapies are required to improve our ability to reach these 

emerging objective targets. Vedolizumab, an anti-integrin, is effective at inducing mucosal and 

histologic healing and can be effectively combined with calcineurin inhibitors to rapidly induce 

and maintain remission in patients with severe disease. However, there are still a significantly 

proportion of patients who will not respond to this therapy and patients with PSC do not gain 

additional benefit in regard to their liver disease. Despite this, a “treat to objective target” 

strategy should be embraced when treating patients with IBD to decrease the risk of permanent 

bowel damage, recognizing that the specific target in individual patients may vary.  In order to 

treat to achieve a target, it is necessary to establish a therapeutic alliance with patients, discuss 

targets of disease activity that are realistic, but incorporate objective evidence of effectiveness, 

and adopt the best available therapies to achieve sustained disease control and modify the 

natural history of disease.  The development of new treatment options and reliable surrogate 

markers of disease activity will enable more refined “tight control” and improve long term 

outcomes.  
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Part 6: Supplementary Material 
 

6.1  Introduction to Supplementary Material 

There are three supplementary articles that accompany this thesis: 

 

Supplementary I: Supplementary I contains’ a follow-up study of Chapter 2.2 on long-term 

outcomes in patients who achieve histological normalisation. It reports that these patients 

often have findings of architectural change on subsequent endoscopy but still have improved 

clinical long-term outcomes.  

 

Supplementary II: Supplementary II contains a follow-up study on Chapter 3.3 following a 

larger cohort of severe UC patients treated with combination therapy vedolizumab and 

calcineurin inhibitors. Efficacy and safety were again demonstrated.  

 

Supplementary III: Supplementary III contains the accompanying reply from the candidate 

and co-authors to a letter regarding the paper in Chapter 3.4.  
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6.2  Supplementary I:  Follow-Up of Patients with Ulcerative Colitis and 

Histological Normalization  

 

Sandborn WJ, van Assche G, Reinisch W, Colombel JF, D'Haens G, Wolf DC, et al. 

Adalimumab induces and maintains clinical remission in patients with moderate-to-severe 

ulcerative colitis. Gastroenterology. 2012;142(2):257-65 e1-3. 

  



Follow-Up of Patients With Ulcerative Colitis and Histological
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The natural history of ulcerative colitis (UC) fol-
lows a relapsing and remitting course of inflam-

mation and is accompanied by associated mucosal injury
and historically, microscopic features of chronicity that
were the sine qua non for the diagnosis.1 As goals for the
management of UC have evolved to include objectively
measured endoscopic improvement of the mucosa, there
also has been a move to include histological endpoints in
assessment of disease activity.2,3 However, there remain
a number of unanswered questions about histology in UC
and this is not yet a specific treatment goal.4

We recently reported the association of histological
activity and both clinical and endoscopic activity in pa-
tients with UC, as well as the clinical outcomes of these
patients.2 In this study of 646 patients with confirmed
UC, we included a previously undescribed histologic
endpoint of “normalization” (Hn), in which there were no
features of acute or chronic inflammation. Importantly,
with median 22 months of clinical follow-up, the patients
with Hn were less likely to suffer a clinical relapse than
patients with histological inflammation or even histo-
logical quiescence. Here, we report the subsequent
longer term follow-up of the subset of UC patients who

achieved Hn and describe their clinical and histologic
progression.

Materials and Methods

This is an Institutional Review Board–approved
retrospective review from our tertiary inflammatory
bowel disease center of adult patients with confirmed UC
who had Hn on endoscopic colon biopsies taken between
August 2005 and October 2013. These patients were
followed to October 2018. Demographic and disease-
related information was collected from our institutional
database. We assessed prior and subsequent reports
from pathology using our previously described 6-point
scoring system and categorized tissue as normal
(score ¼ 0), quiescent (score¼1) or active (score
�1 ¼ 2).5 We also reviewed all subsequent clinical notes
to evaluate for clinical relapse.

Results

We identified 30 UC patients (13 men [40%]) with Hn
of the colorectum who had at least 1 subsequent clinical
or histological assessment. The median age at UC diag-
nosis was 25 � 15.3 years and the median age at Hn
index was 41.5 � 15.4 years. The disease distribution by
Montreal classification was 6 (20%) E1, 5 (17%) E2, and
19 (63%) E3. Median follow-up time was 5.16 (range,
1.13–14.19) years.

Of the 29 of 30 patients who had clinical follow-up, 19
(66%) remained inactive and 10 (33%) had a clinical
relapse (median 4.9 [range, 1.13–14.19] years). The
percent of patients without relapse noted on the Kaplan-
Meyer curve was <50% over the entire duration of
follow-up and over 90% in the first 1 year (Figure 1).

Figure 1. Kaplan-Meyer curve for relapse in UC patients
subsequent to demonstrating colonic Hn. The line represents
the proportion of patients not experiencing clinical relapse
among patients with Hn at the end of follow-up.
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After normalization, 10 of these 29 patients underwent
medical de-escalation of therapy, 1 had change within
class, and 3 had medical escalation. Of the 18 of 30 pa-
tients who had histological follow-up, 6 (33%) main-
tained Hn for median 6 � 2.8 year follow-up, 9 (50%)
became quiescent then reverted back to Hn, 2 (11%)
became quiescent and remained quiescent, and 1 (5.5%)
became histologically active (Supplementary Figure 1).
Six of these 18 patients underwent medical de-escalation
of therapy, 1 had change within class, and 3 had medical
escalation. Two (33%) maintained Hn, 2 (33%) became
quiescent then reverted back to Hn, 1 (17%) became
quiescent and remained quiescent, and 1 (17%) became
histologically active.

Discussion

In recent years, histological healing has been
increasingly discussed as a possible target in achieving
remission with the notion that healing the bowel beyond
what is seen on endoscopy may provide additional
benefit. While there has been evidence demonstrating
that histologic inflammation is associated with increased
risk of clinical relapse, hospitalization, surgery, and
colorectal cancer,6,7 the characteristics and natural his-
tory of UC patients who achieve normalization has not
been previously described. In this small observational
cohort of patients with UC who have achieved Hn, one-
third appear to have stable disease, but in follow-up, a
majority had subsequently identified histological find-
ings of classical quiescence, suggesting that the prior
normalization finding is either transient or may have
been a sampling or interpretation error. The variation in
number of endoscopies per patients in study may have
contributed to this finding. Histologically active inflam-
mation and clinical relapse were rare but did occur.
Although the small number and retrospective nature
were limitations, this is the first long-term follow-up of
Hn patients to exist in the literature. These findings
demonstrate that a single finding of Hn is associated with
favorable prognosis, but that Hn does not represent cure.

Further research in this endpoint and in therapeutic de-
escalation and monitoring of these patients is warranted.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2019.06.025.
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Supplementary Figure 1.
Follow-up of histological
disease activity in UC pa-
tients who have achieved
histologic normalization.
Year 0 is time of indexed
normalization date. Histol-
ogy scores: 0, normal; 1,
quiescent; 2, active.
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calcineurin inhibitors followed by vedolizumab maintenance in 71 

patients with severe steroid-refractory ulcerative colitis  

 

Ollech JE, Dwadasi S, Rai V, Peleg N, Normatov I, Israel A, et al. Efficacy and safety of 

induction therapy with calcineurin inhibitors followed by vedolizumab maintenance in 71 

patients with severe steroid-refractory ulcerative colitis. Aliment Pharmacol Ther. 
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Summary
Background: Following induction therapy with a calcineurin inhibitor (CNI) in severe 
ulcerative colitis, transitioning to vedolizumab as maintenance therapy could be an 
option.
Aim: To report on the largest cohort of patients successfully induced with CNIs who 
were transitioned to vedolizumab maintenance therapy.
Methods: This is a retrospective observational study of adult patients with severe 
steroid-refractory ulcerative colitis. Patients were included if they were induced with 
a CNI followed by maintenance therapy with vedolizumab between January 2014 
and December 2018. The primary endpoint was colectomy-free survival. Secondary 
endpoints included survival without vedolizumab discontinuation as well as clinical, 
steroid-free and biochemical remission at week 14.
Results: A total of 71 patients (59% male) were treated with vedolizumab after in-
duction therapy with CNIs for severe steroid-refractory colitis. Patients were fol-
lowed for a median time of 25 months (IQR 16-36). Colectomy-free survival rates 
from vedolizumab initiation were 93% at 3 months, 67% at 1 year and 55% at 2 years. 
At the end of induction with vedolizumab at week 14, 50% of patients were in clinical 
remission, and 62% of patients had a normal CRP. At 1 and 2 years following vedoli-
zumab initiation, 43% and 28% of patients were still on vedolizumab respectively. 
Vedolizumab was dose escalated to infusions every 4 weeks in 44% of patients. The 
median time to dose escalation was 5.6 months (IQR 4.1-8.2). No serious adverse 
events were recorded in our patient cohort.
Conclusions: Transitioning to vedolizumab following induction of remission with 
CNIs is effective and safe.
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1  | INTRODUC TION

Ulcerative colitis is a chronic inflammatory disease of the colon with 
varying degrees of disease severity as defined by several clinical, 
biochemical and endoscopic parameters.1,2

The options for the medical management of patients with se-
vere steroid-refractory ulcerative colitis are limited and include 
calcineurin inhibitors (CNIs) or infliximab,1-6 with infliximab being 
the predominant agent used in such a setting, due to its ease of ad-
ministration and familiarity with its use by prescribing physicians.7 
Patients who are successfully induced with infliximab continue to 
maintenance therapy with this drug. Secondary to its increased use 
in ulcerative colitis, patients failing infliximab are becoming more 
prevalent.8

While highly effective at inducing remission in patients with 
ulcerative colitis,3,5 protracted use of CNIs is limited by adverse 
events, including infection, nephrotoxicity, hypercholesterolaemia 
and hypertension. Consequently, their use in inflammatory bowel 
disease has been limited to induction therapy. Patients who are suc-
cessfully induced with CNIs in the setting of severe steroid-refrac-
tory ulcerative colitis are bridged to azathioprine for maintenance 
therapy.1,2 Previously, patients who had failed or were intolerant to 
thiopurines were not considered candidates for calcineurin therapy 
due to the absence of effective maintenance therapy.

Vedolizumab is an effective and safe medication approved 
for induction and maintenance therapy in ulcerative colitis.9,10 
Vedolizumab's impressive safety data10 makes it an ideal candi-
date agent for use as maintenance therapy in combination with the 
fast-acting CNIs as induction therapy. Our group previously reported 
our preliminary data on the potential safety and efficacy of this se-
quential combination regimen.11 That study, however, was limited by 
the small number of patients and heterogeneous population included 
(11 patients with ulcerative colitis and nine patients with Crohn's dis-
ease) and as such encouraged further larger observational cohorts 
using this treatment strategy. In this study, by enrolling a significant 
number of subsequent patients with steroid-refractory ulcerative 
colitis, we are now able to cumulatively report on long-term safety 
and efficacy in a more homogenous population.

We describe the largest cohort of patients with steroid-refrac-
tory ulcerative colitis successfully induced with CNIs who were then 
transitioned to vedolizumab maintenance therapy and show that 
such a management strategy is effective and safe over a long fol-
low-up period.

2  | METHODS

2.1 | Study design and patients

We performed a retrospective single-centre observational study of 
adult ulcerative colitis patients followed at the University of Chicago 
Inflammatory Bowel Disease Center, a large tertiary referral centre. 
All patients with severe steroid-refractory ulcerative colitis who 

received a CNI (ciclosporin or tacrolimus) as induction therapy fol-
lowed by maintenance therapy with vedolizumab between January 
2014 and December 2018 were included. All patients responded to 
IV ciclosporin or oral tacrolimus and received at least one vedoli-
zumab infusion while on calcineurin therapy.

2.2 | Medications

All patients were treated with either IV ciclosporin or oral tacrolimus.
Ciclosporin was given as a continuous infusion at an initial dose 

of 2-4 mg/kg/d, aiming for serum trough levels of 300-400 ng/mL. 
In case of response (decrease of bowel movement frequency by 50% 
with the absence of haematochezia), a switch to an oral formula-
tion was performed using a total daily dose equivalent to twice the 
24 hour intravenous dose.

Tacrolimus was started orally at 0.1 to 0.2 mg/kg/d, targeting 
a blood concentration of 10-15 ng/g. The choice of the CNI used, 
ciclosporin or tacrolimus, was made according to the attending phy-
sician discretion.

In patients who responded to calcineurin induction, vedolizumab 
was administered as 300 mg infusions with standard loading doses; 
weeks 0, 2 and 6, and then every 8 weeks. In case of continued 
clinical activity or objective evidence of continued inflammation 
(laboratory or endoscopic), vedolizumab could be prescribed every 
4 weeks following induction. Following the induction infusions of 
vedolizumab the CNI was tapered off. In the case of vedolizumab 
failure, subsequent treatments were documented, as well.

2.3 | Data collection

At inclusion, the following characteristics were recorded for each 
patient: sex, age, disease duration, smoking status, disease extent 
according to the Montreal classification, prior received treatments 
(steroids, thiopurine, methotrexate, infliximab, adalimumab, goli-
mumab), endoscopic activity measured with the endoscopic Mayo 
subscore, C-reactive protein (CRP), haemoglobin and albumin levels. 
All patients included had a clinic follow-up of at least 3 months.

2.4 | Endpoints

The primary endpoint was colectomy-free survival. Secondary end-
points included survival without vedolizumab discontinuation as well 
as clinical, steroid-free, biochemical remission at week 14 as well as 
time to endoscopic remission and rate of endoscopic remission at 
12 months. Clinical remission was defined as the absence of blood 
in the stools and <3 stools per day with the lack of abdominal pain. 
Biochemical remission was defined by a normal CRP level (<5 mg/L). 
Endoscopic remission was defined as an Mayo endoscopic score of 
0 or 1. In addition, all adverse events were described. The study was 
approved by the University of Chicago Institutional Review Board.
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2.5 | Statistical analysis

Descriptive statistics for demographic and clinical characteristics 
include median (IQR) for continuous variables and frequency dis-
tributions for categorical data. Kaplan-Meier curves were gener-
ated for time-to-event data, that is, time from first vedolizumab 
infusion until colectomy or cessation of vedolizumab treatment. 
Patients who did not have a colectomy or who were still on ved-
olizumab were censored as of the date of the last follow-up. 
Cox regression models were fit to examine the effects of differ-
ent covariates on time to colectomy and vedolizumab cessation. 
Covariates analysed included age, sex, smoking status, disease 
extent, pre-vedolizumab treatments, clinical and biochemical re-
mission at week 14, as well as haemoglobin, CRP and albumin. Due 
to the limited number of events, models for time to colectomy or 
vedolizumab cessation included only one covariate at a time to 
avoid overfitting.

3  | RESULTS

3.1 | Patients

A total of 71 patients (59% male) were treated with vedolizumab after 
induction therapy with CNIs for severe steroid-refractory ulcera-
tive colitis. Eighty-five per cent (n = 60) of patients had previously 
been exposed to TNF antagonists’ medications. Most had extensive 
disease (72%); the median disease duration was 44.1 months (IQR 

15.2-115). Truelove and Witts criteria for acute severe ulcerative co-
litis (ASUC) were present in 76% (n = 54) of patients. Moderate to 
severe endoscopic disease was present in 97% of patients. Patients 
were followed for a median time of 25 months (IQR 16-36).

3.2 | Study medications

Sixty-eight per cent of patients (n = 48) received ciclosporin, and 32% 
(n = 23) of patients received tacrolimus. The CNI was continued for 
a median duration of 3.5 months (IQR 2.4-5.4). The majority (79%, 
n = 55) were induced with CNIs as inpatients, with ciclosporin being 
the drug of choice in most inpatients (88%, n = 48). Vedolizumab 
was started after a median of 29 days (IQR 16-44) from the initia-
tion of the CNI. Vedolizumab was dose escalated to infusions every 
4 weeks in 44% of patients. The median time to dose escalation was 
5.7 months (IQR 4.1-8.2). Table 1 describes the baseline characteris-
tics of the study cohort allocated according to the CNI used.

3.3 | Efficacy

Thirty patients (42%) underwent colectomy during the follow-
up period. Colectomy-free survival rates from vedolizumab ini-
tiation were 93% at 3 months, 67% at 1 year and 55% at 2 years 
(Figure 1A). Only lack of clinical remission at week 14 was asso-
ciated with colectomy (P = 0.023). There was no significant dif-
ference in colectomy rates between anti-TNF naïve patients and 

Characteristic Ciclosporin (N = 48) Tacrolimus (N = 23) P

Median age, y (IQR) 29.2 (22.8-39.4) 29.8 (20.1-38.2) 0.59

Male sex 34 (70.8%) 8 (34.8%) 0.004

Disease duration, y (IQR) 5 (1.1-10.6) 2.5 (1.6-7.5) 0.22

Smoker 13 (27.1%) 5 (21.7%) 0.63

Montreal classification

1 1 (2.1%) 1 (4.3%) 0.66

2 10 (20.58%) 6 (26.1%)

3 33 (68.8%) 13 (56.5%)

Prior treatment

Steroids 48 (100%) 23 (100%) —

Thiopurines 27 (56.3%) 11 (47.8%) 0.51

Anti-TNFs 41 (85.4%) 19 (82.6%) 0.67

Methotrexate 9 (18.8%) 4 (17.4%) 0.89

Median CRP, mg/L (IQR) 13 (4-46) 18 (3.2-50) 0.99

Median haemoglobin, g/dL (IQR) 11.5 (9.9-13.3) 11.7 (9.7-13.3) 0.86

Median albumin, g/dL (IQR) 3.4 (3.1-3.9) 3.6 (3.2-4.1) 0.35

Endoscopic Mayo Score

1 1 (2.1%) 1 (4.3%) 0.13

2 11 (22.9%) 5 (21.7%)

3 36 (75%) 7 (30.4%)

TA B L E  1   Baseline characteristics: 
allocation according to CNI type—
ciclosporin and tacrolimus
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anti-TNF experienced patients, (P = 0.79) (Figure 1B). Likewise, 
choice of the CNI used to induce remission was not associated 
with colectomy rates (P = 0.91). Patients meeting Truelove and 
Witts criteria for ASUC had numerically higher colectomy rates 
at 3 months and 1 year when compared to patients not meeting 
these criteria (9.5% and 37.1% vs 6.25% and 19.65% respectively), 
but this difference was not statistically significant (P = 0.8). Table 2 
describes the baseline characteristics of patients with and without 
ASUC.

At the end of induction with vedolizumab at week 14, 50% of 
patients were in clinical remission, and 62% of patients were in bio-
chemical remission with a normal CRP. Steroid-free remission rates 
were 27%, 43% and 76% at 3 months, 12 months and 24 months 
respectively.

Sixty-three per cent of patients were still on vedolizumab 
6 months after induction. After 1 and 2 years, 43% and 28% of pa-
tients were still on vedolizumab respectively (Figure 1C). Both lack 
of clinical and biologic remission at week 14 were associated with 
vedolizumab discontinuation (P = 0.0003 and P = 0.003 respec-
tively). Previous TNF antagonist therapy was not associated with 
an increased rate of vedolizumab discontinuation (P = 0.86). Data 
regarding endoscopic remission were available for 44 participants 
(61.9% of the study cohort), twenty-one patients (48%) reached the 
endpoint of endoscopic remission during follow-up. The cumulative 
rate of endoscopic remission at 12 months was 20.9%.

3.4 | Drug therapy following discontinuation of 
vedolizumab

Thirty-one patients (44%) were transitioned to another drug after 
failing vedolizumab maintenance therapy. Seventeen patients were 
transitioned to an anti-TNF (71% infliximab); of these 17 patients, 15 
(88%) had previously been on anti-TNF therapy, and 12 (71%) of these 
patients averted colectomy at the end of follow-up. Eleven patients 
were transitioned to tofacitinib. Eight (73%) of these patients had pre-
viously been on anti-TNF therapy, and six (55%) averted colectomy 
at the end of follow-up. Three patients were transitioned to usteki-
numab. Two of these patients were previously on anti-TNF therapy, 
and two patients averted colectomy at the end of follow-up. Of these 
31 patients who failed vedolizumab and transitioned to another drug, 
20 (65%) averted colectomy at the end of follow-up. Colectomy-free 
survival times were similar after excluding patients who received 
other biologics after vedolizumab failure (Figure 1A). The median time 
to switch in therapy was 7.1 months (IQR 3.7-14.3) from vedolizumab 
initiation.

3.5 | Adverse events

Eighteen patients (25.4%) experienced adverse events. No mortality 
events were recorded during the follow-up period. In addition, all 
adverse events documented occurred while on CNIs, with none of 

the adverse events leading to discontinuation of the drug. The most 
common adverse event was acute kidney injury in eight patients 
(11.3%) (Table 3).

4  | DISCUSSION

In this study, we have shown that patients with severe steroid-re-
fractory ulcerative colitis induced with CNIs and then transitioned 
to maintenance therapy with vedolizumab avoided colectomy in 67% 
of cases after 12 months and in 55% of cases after 2 years. Such a 

F I G U R E  1   A, Kaplan Meier curve of colectomy free survival 
for all patients and after excluding patients who received other 
biologics after vedolizumab failure. B, Kaplan Meier of colectomy 
free survival for patients exposed and not exposed to TNF 
antagonists. C, Kaplan Meier curve of time to vedolizumab 
discontinuation
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strategy was well tolerated in our cohort, with relatively few adverse 
events.

The strength of this study includes its large cohort of patients, 
larger than all previously reported studies combined, as well as the 
long median follow-up of over 2 years.

There have been two previous studies11,12 and a case series of 
two patients13 that demonstrated the feasibility of inducing remis-
sion with ciclosporin followed by maintenance of remission with 
vedolizumab. However, both studies had limitations, including small 
patient numbers and limited follow-up time. The earlier study from 
our group by Christensen et al11 reported on nine patients with 
Crohn's disease and 11 patients with ulcerative colitis treated with 
combination therapy of vedolizumab with either ciclosporin or tac-
rolimus, and found that by week 14 of treatment, four (44%) patients 
with Crohn's disease and six (55%) patients with ulcerative colitis 
were in clinical remission.

The second study by Pellet G et al12 was a multicentre retrospec-
tive study from France. In this study, information was collected on 
39 patients with steroid-refractory UC. The authors reported that 
after a median follow-up period of 11 months, 11 patients (28%) un-
derwent colectomy and that patients meeting Truelove and Witts 
criteria for ASUC had higher colectomy rates when compared to 
patients who did not meet these criteria. While both studies re-
ported on the feasibility of combination treatment with CNIs and 

vedolizumab to induce and maintain remission, larger observational 
studies are needed to better explore the efficacy and safety of such 
a strategy before advocating for its use in everyday practice.

In our large patient cohort with prolonged follow-up time, we 
have shown the safety and efficacy of such a treatment strategy. We 
chose colectomy-free survival as our primary endpoint as colectomy 
is an unambiguous event in a retrospective cohort series. Indeed, our 
study showed that in this very sick cohort of patients, a substantial 
proportion of patients were able to avoid colectomy in the short and 
long term by inducing patients with CNIs and transitioning to vedol-
izumab as maintenance therapy. Unlike the study by Pellet G et al12 
in our patient cohort, there was no significant difference between 
patients who met Truelove and Witts criteria for ASUC and those 
that did not in regards to colectomy free survival (P = 0.8). However, 
patients with ASUC did have numerically higher colectomy rates at 
3 months and 1 year when compared to those without ASUC (9.5% 
and 37.1% vs 6.25% and 19.65% respectively). The study was likely 
underpowered to detect a difference, especially as the group with-
out ASUC was relatively small at only 17 patients. It is also possible 
that as this study only included patients who had already responded 
to ciclosporin induction that colectomy rates between groups might 
have been attenuated.

We also looked at the time to vedolizumab discontinuation, and 
we have shown that despite a significant number of patients failing 

Characteristic
Acute severe UC 
(N = 54)

No acute severe UC 
(N = 17) P

Median age, y (IQR) 29.2 (22.2-38.2) 36.2 (23.6-38.8) 0.48

Male sex 34 (63%) 7 (41.1%) 0.17

Disease duration, y (IQR) 3.8 (1.2-10.7) 3.1 (1.1- 5.9) 0.73

Smoker 15 (27.8) 3 (17.6%) 0.47

Montreal classification

1 0 (0%) 2 (11.7%) 0.03

2 12 (22.2%) 4 (23.5%)

3 36 (66.7%) 9 (52.9%)

Prior treatment

Steroids 54 (100.0%) 17 (100%) —

Thiopurines 30 (55.6%) 8 (47.0%) 0.69

Anti-TNFs 46 (85.2%) 14 (82.3%) 0.81

Methotrexate 7 (13.0%) 6 (35.3%) 0.03

Median CRP, mg/L (IQR) 22.5 (8.7-51.2) 7 (3-9.2) <0.001

Median haemoglobin, g/dL (IQR) 10.9 (9.3-12.1) 13.5 (12.7-14.5) <0.001

Median albumin, g/dL (IQR) 3.3 (2.9-3.7) 3.8 (3.7-3.9) <0.001

Endoscopic Mayo Score

1 0 (0) 2 (11.7%) <0.001

2 6 (11.1%) 10 (58.8%)

3 39 (72.2%) 3 (17.6%)

CNI type

Ciclosporin 38 (70.4%) 10 (58.8%) 0.29

Tacrolimus 16 (29.6%) 7 (41.1%)

TA B L E  2   Baseline characteristics of 
patients with and without ASUC
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vedolizumab over time, patients were able to avoid colectomy in the 
short and long term. In our cohort, after 2 years of therapy, 72% of 
patients had stopped vedolizumab therapy. Of note, in the pivotal 
GEMINI-1 clinical trial,9 in patients who responded to vedolizumab 
induction, mucosal healing at 1 year was 50%, and steroid-free 
remission was 31% at 1 year. Likewise, in the recently published 
VARSITY trial,14 steroid-free remission at 1 year was 12.6%. Similar 
data for other biologic therapy over time exists as well; for example, 
in the ACT-1 study of infliximab for moderate to severe UC,15 remis-
sion rates at 1 year were only 20%.

At the University of Chicago, patients were treated in a ‘treat 
to target’ management strategy consistent with the ‘Selecting 
Therapeutic Targets in Inflammatory Bowel Disease’ Consensus 
statement.16 Over time, even if patients averted colectomy, patients 
who still had clinical disease with endoscopic activity or were corti-
costeroid dependent were switched to other therapies. It is plausible 
that over a long follow-up period, a substantial number of patients 
will not reach management targets and will be switched to other 
therapies as these become available and treatment targets become 
more stringent. Patients who discontinued vedolizumab were able 
to successfully transition and regain response with other therapies, 
mainly tofacitinib and infliximab.

Interestingly, many patients transitioned to anti-TNFs after fail-
ing vedolizumab maintenance therapy were previously treated with 
an anti-TNF. Due to the retrospective nature of our study, we were 
unable to document the reason why anti-TNF therapy was stopped 
for a large proportion of these patients. Some patients had a dis-
tant history of anti-TNF use, and, as many of these patients were 
referred from outside institutions, no further data were available to 
us in order to clarify the reason behind anti-TNF discontinuation. 
Likewise, due to the small number of patients who transitioned to 

further therapy with anti-TNFs and the lack of historical data for 
many of these patients, these results, while interesting, should be 
exploratory. Further studies should be performed looking into the 
possibility of ‘circling back’ to prior therapies in order to establish the 
efficacy of such a treatment strategy.

Inducing remission with CNIs and transitioning to vedolizumab 
maintenance therapy is becoming more relevant as more patients 
with ulcerative colitis now have a history of previous exposure and 
failure to anti-TNFs and azathioprine.8 Likewise, since the publica-
tion of the CYSIF and CONSTRUCT trials,17,18 which demonstrated 
similar short-term response rates between infliximab and ciclo-
sporin in the setting of acute severe ulcerative colitis, infliximab 
has emerged as the predominant agent used in such patients,7 and 
more patients are presenting to tertiary care centres after failing 
infliximab.8 A potential reason for nonresponse to infliximab is 
secondary loss of serum proteins due to monoclonal antibodies 
loss through an inflamed gut19 and in such patients, the use of 
a nonprotein-based therapy for induction of remission, such as a 
CNI, could be useful.

The current study adds confidence to using the approach of 
inducing remission with CNIs—which are potent and fast-acting 
drugs with proven efficacy in treating patients with severe ulcer-
ative colitis3,5-8,17,18,20 and then transitioning to the slower acting 
steroid-sparing agent, vedolizumab, for maintenance therapy.9,10 We 
have shown that overlapping these two drugs is effective and safe. 
This study adds to the armamentarium of therapeutic interventions 
available to physicians treating patients with severe steroid-refrac-
tory ulcerative colitis.

There are several limitations to our study, mainly linked to its 
retrospective single-centre setting with the inherent risk of bias, 
and incomplete data for some patients. Treatments were not stan-
dardised, and the side effects of drugs may have been underesti-
mated. It should also be emphasised that patients were treated by 
expert physicians in a large referral centre.

In conclusion, induction of remission with CNIs with a transi-
tion to vedolizumab is effective and safe and leads to avoidance 
of colectomy in a substantial subgroup of patients over a long 
follow-up period. Such a treatment strategy might be considered 
in patients with steroid-refractory colitis, especially if they had 
previously failed either anti-TNFs or thiopurines. Such a strategy 
enables the introduction of safe protein-based therapies such as 
vedolizumab following stabilisation and induction of remission 
with CNIs.
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TA B L E  3   Adverse events

Event
Treatments given at the time of 
event (N) N (%)

Acute kidney injury Tacrolimus (1) 8 (11.3)

Ciclosporin (2)

Tacrolimus + Vedolizumab (2)

Ciclosporin + Vedolizumab (3)

Paraesthesia Ciclosporin (1) 2 (2.8)

Ciclosporin + Vedolizumab (1)

Muscle weakness Ciclosporin 1 (1.4)

Hirsutism Ciclosporin 1 (1.4)

Gingival 
hypersensitivity

Tacrolimus 1 (1.4)

Myositis Ciclosporin 1 (1.4)

Headaches Tacrolimus + Vedolizumab 1 (1.4)

Pruritus Ciclosporin + Vedolizumab 1 (1.4)

Tremor Ciclosporin 1 (1.4)

Hand and feet 
swelling

Tacrolimus + Vedolizumab 1 (1.4)
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Letter: vedolizumab for autoimmune liver disease associated
inflammatory bowel disease

EDITORS,

We read with great interest the manuscript by Christensen et al

summarising their multicentre experience of treating 34 PSC-IBD

patients with vedolizumab (VDZ).1 The authors provide subjective

and objective evidence of improvement in the activity of IBD. Disap-

pointingly, no improvement was seen in the activity of PSC based

on liver biochemistry or Mayo score.

Since our first report on VDZ use in autoimmune liver disease

(AILD) associated IBD2 we have treated in total 17 patients with

active IBD (nine with recurrence post liver transplantation, treatment

duration: 18 patient/years). Prior to VDZ commencement a loss of

response to anti-TNF and/or a thiopurine was seen in 8 (48%)

patients while nine were on a combination of tacrolimus, mycopheno-

late mofetil and prednisolone (post-transplant immunosuppression).

An improvement in IBD activity as assessed by the attending physi-

cian based on clinical scoring and endoscopy or faecal calprotectin

(fcal) was seen in 11/17 (65%) in the first 6 months after drug initia-

tion. At 12 months of follow-up 9/17 (53%) remained on the drug.

At the end of follow-up 11/17 (65%) had stopped treatment due to

lack of efficacy (9/11, 81%), one in preparation for liver transplanta-

tion and two who required colectomy due to the development of

colonic malignancy (one with high grade dysplasia and one with post-

transplant lymphoproliferative disorder-PTLD). Both these patients

had a long history of PSC-IBD (>10 years, on VDZ for 11 and

18 months respectively) and underwent colonic surveillance annually.

Notwithstanding the observed clinical and endoscopic response to

VDZ (treated for 11 and 18 months) residual pseudopolyps were

found in both patients and fcal never normalised (>50 ug/g, Bulh-

mann ELISA assay). In this high-risk population for colorectal malig-

nancies, currently at our centre we follow a strict endoscopic review

annually and even biannually for those with additional risk factors (ie

pseudopolyps, ongoing inflammation: fcal > 150 ug/g, EBV viraemia

for transplant patients). We feel that this is the safest approach espe-

cially while long-term data on the effects of anti-trafficking therapies

on IBD related colorectal cancer are still being collected.

We also did not identify any change in the liver biochemistry

before and after 12 months of VDZ therapy (n = 17, AST: median

42 IU/L [IQR: 27-66] vs 41 [IQR: 28-56], P = 0.80, ALP: 174 IU/L

[IQR: 92-570] vs 225 [IQR: 76-501], P = 0.46, GGT: 100 IU/L [IQR:

61-633] vs 175 [IQR: 73-637], P = 0.79, respectively). As the authors

point out though, it is well accepted that these tests are only surrogate

markers of the cholangiopathy seen with PSC, with limited prognostic

value. One could argue that episodes of cholangitis, the need for bil-

iary duct drainage or stricture dilatation are more robust outcomes of

PSC activity. However, there were no such events seen in our non-

transplant patients in the year before or after VDZ commencement. It

1422 | LETTERS TO THE EDITORS

© 2018 John Wiley & Sons Ltd

http://orcid.org/0000-0002-9051-2581
http://orcid.org/0000-0002-9051-2581
http://orcid.org/0000-0002-9051-2581
http://orcid.org/0000-0002-2315-7196
http://orcid.org/0000-0002-2315-7196
http://orcid.org/0000-0002-2315-7196
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fapt.14603&domain=pdf&date_stamp=2018-04-19


would be very informative if the authors could identify and report

these events interrogating their larger cohort.
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Letter: vedolizumab for autoimmune liver disease associated
inflammatory bowel disease—Authors’ reply

EDITORS,

We thank Pavlidis and colleagues1 for their interest in our article,

and the excellent addition of their own experience in primary scle-

rosing cholangitis (PSC) patients treated with vedolizumab. Similar to

our study, they have demonstrated that patients with IBD-PSC have

improvement in IBD clinical activity but no improvement in liver

enzymes after 12 months of therapy.

In regards to more rigorous measure of PSC activity, we describe

two patients who did develop cholangitis in the first 6 months of

treatment with vedolizumab, one who required liver transplant for

progressive PSC and one who required dilation of a dominant stric-

ture. Both continued on vedolizumab. In addition, one patient ceased

vedolizumab due to a drug reaction in the liver that was unrelated

to PSC. Unfortunately, despite these observations, it is still difficult

to determine if vedolizumab may be of benefit in the long term in

patients with PSC. This is why long-term registry studies are

required to determine if this medication can change the natural pro-

gression of PSC on negative liver outcomes.

We also note with interest the two cases of malignancy follow-

ing initiation of vedolizumab in Pavlidis’ cohort.1 In our series, there

were no cases of high grade dysplasia or malignancy. However, as

identified by Pavlidis et al1 and commented in our own study,2 strict

endoscopic surveillance of these patients is required, particularly

given the lack of long-term data on the effects of anti-integrin thera-

pies on dysplasia and colorectal cancer rates.
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