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Abstract

Biological agents have revolutionised the management of inflammatory bowel disease (IBD)
in the last fifteen years. They target specific pathways of the immune system that are
implicated in the pathogenesis of IBD. As treatment choices increase, there is a need to
differentiate between these agents to guide medication choice by gastroenterologists. Also,
their efficacy may not be long-lasting for all patients. As such, the aim of this thesis was to

identify strategies to optimise the effectiveness of biological agents.

Key findings

First, an updated epidemiological study was performed that demonstrated the prevalence of
IBD is rising in Australia, particularly in the older population. Two common biological agents,
infliximab and vedolizumab, were then compared in the management of ulcerative colitis. It
was identified that vedolizumab had a longer treatment persistence when used as a first-line

biological agent compared with infliximab, however not as a second-line agent.

To assist in achieving optimal outcomes in IBD, histological remission has emerged as a
potential treatment endpoint. However its utility in clinical practice is unknown. In this thesis,
a nationwide survey was performed that demonstrated that although histological activity is
recognised as a potential treatment goal, there was poor knowledge by gastroenterologists
and pathologists of its applicability in ulcerative colitis and associated histological scoring

systems.



The VIEWS study was then designed to assess the impact of thiopurine therapy with
vedolizumab. This was the first randomised controlled trial comparing the withdrawal or
continuation of thiopurine therapy for patients with ulcerative colitis using vedolizumab who
were in remission. Histological outcomes were also assessed. This trial demonstrated that
although thiopurines do not affect vedolizumab trough levels, thiopurine withdrawal was
associated with increased fecal calprotectin, histologic and histo-endoscopic activity.
Histological activity and prior anti-tumour necrosis factor exposure predicted disease relapse

upon thiopurine withdrawal for patients using vedolizumab for UC.

In conclusion, the findings suggest that as prevalence rates rise particularly in the older
population, safer treatment options should be considered for managing our IBD patients.
Vedolizumab, which is a safer treatment option than infliximab, was suggested to be the first-
line biological agent of choice in ulcerative colitis. Furthermore, thiopurine withdrawal from
vedolizumab appears safe in the setting of histological remission and being treatment naive
to anti-TNF agents. However further education is required into the role of histology in clinical
practice given its poor knowledge nationwide. The results of these studies will form the
foundation of future research into treatment optimisation strategies and guide the

development of national histological consensus guidelines.
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Chapter 1

Introduction —

Literature review and aims

Parts of this chapter are reproduced from the published manuscript “Safety of drugs used

for the treatment of Crohn’s disease” by Pudipeddi et al.

Journal reference:
e Pudipeddi A, Kariyawasam V, Haifer C, Baraty B, Paramsothy S, Leong RWL. Safety of
drugs used for the treatment of Crohn’s disease. Expert Opin Drug Saf 2019;

18(5):357-367.
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1. INTRODUCTION

1.1 INFLAMMATORY BOWEL DISEASE

Inflammatory bowel diseases (IBD), including ulcerative colitis (UC) and Crohn’s disease (CD),
are chronic relapsing and remitting inflammatory conditions of the gastrointestinal tract!. UC
is characterised by mucosal inflammation that typically involves the rectum and extends
proximally, involving only the large intestine?. CD, on the other hand, involves transmural
inflammation that can affect any part of the gastrointestinal tract but most commonly the
ileum and large intestine?. Both conditions can lead to significant morbidity, with
complications of uncontrolled inflammation including strictures, fistulas, abscesses,
perforations and colorectal cancer®. The aetiology of IBD is unclear, however it is thought to
involve a complex interplay between environmental factors and intestinal microflora in a
genetically susceptible individual that leads to a dysregulated immune response and resultant

chronic intestinal inflammation®.

1.2 EPIDEMIOLOGY

The burden of IBD is rising worldwide®. Although once considered a disease of westernised

countries in Norther America, Europe and Oceania, the turn of the 21 century has seen an
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accelerated incidence of IBD in the newly industrialised countries of Asia, South America and
Africa®. Prior Australian epidemiological studies from Victoria and Tasmania demonstrate high
prevalence and incidence rates in Australia. Given the chronic, progressive nature of IBD, the
burden of IBD in Australia poses a significant socioeconomic impact. In 2012, hospital costs
were estimated to be over $100 million per annum, productivity losses attributable to IBD
were over $380 million, and total indirect costs associated with the management of IBD were
over $2.7 billion®. However, more up-to-date epidemiological data is required to guide the

planning and distribution of IBD resources and health services within Australia.

1.3 ENDPOINTS

The goal of therapy in IBD is to achieve and maintain disease remission. Previously, clinical
remission was the main target of treatment. This is defined as the absence of rectal bleeding,
urgency or increased stool frequency in UC, and the absence of abdominal pain or increased
stool frequency in CD®. Numerous clinical scoring systems are available to assist in quantifying
the degree of symptom burden for patients, including the partial Mayo score in UC and the
Crohn’s disease activity index (CDAI) or Harvey Bradshaw Index (HBI) in CD°. More recently,
patients’ perspectives on disease activity (called ‘patient-reported outcomes’ or PRO) which
incorporate the above symptoms have become an important assessment tool®. However,
limitations with solely using clinical remission as an endpoint include its subjective nature and
lack of correlation with objective measures of disease activity. As such, recent guidelines state

that clinical remission should be a short-term target but it is not a sufficient long-term target®.
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Numerous modalities are available to objectively measure disease activity in IBD. Endoscopic
disease assessment via a sigmoidoscopy or colonoscopy has occurred in studies since Truelove
reported on the efficacy of cortisone in 1955!!. Endoscopic remission is associated with
longer-term clinical remission, decreased corticosteroid use, and a reduced need for
hospitalisation or colectomy?!3, Commonly used endoscopic scoring systems are the Mayo
endoscopic score (MES) and the ulcerative colitis endoscopic index of severity (UCEIS) in UC,
and the simple endoscopic score in CD (SES-CD). Specifically in UC, the definition of
remission using MES has evolved from < 1 to a MES of 0 due to recent data demonstrating

improved long-term outcomes for patients with an MES of 01>18,

Commonly used biomarkers in IBD are faecal calprotectin and C-reactive protein (CRP). These
biomarkers play an important role in assessing and monitoring disease activity in IBD.
Biochemical remission has been defined for IBD clinical trials as a faecal calprotectin < 150
ug/g (particularly in UC) and CRP < 5mg/L in UC and CDY. However, studies have shown that
faecal calprotectin measurements are more sensitive than CRP for predicting mucosal healing

in UC and can assist in predicting a relapse!®.

Transmural healing has also emerged as an important treatment endpoint, particularly in CD*°.
The use of magnetic resonance enterography (MRE) and intestinal ultrasound (IUS) has
increased in recent years, with MRE allowing for an assessment of the entire small intestine
and IUS being able to be performed frequently when required. Transmural healing is currently
considered an adjunct treatment target, as further studies are required to determine its role

in predicting long-term outcomes in CD°.
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More recently, histological remission is being utilised as an endpoint in clinical trials in UC?°,
It is considered the ultimate marker of quiescent disease activity. Its importance has been
demonstrated by studies showing worse long-term outcomes for UC patients in clinical and
endoscopic remission but with persistent histologic inflammation compared with those in
histologic remission?12>. Multiple histological scoring systems have been developed, with the
three most validated being the Geboes score, Nancy histological index and the Robarts
histopathology index?®2°. However, it is only considered as an adjunct treatment target in UC
at present given the lack of data demonstrating clinical utility®. Also, despite its increasing use
in research studies, it is unknown whether these scoring systems are used in clinical practice
and whether pathologists have an understanding of their use. Nonetheless, it has a growing
importance in IBD management and an additional endpoint of interest in clinical trials includes

combining both endoscopic and histological assessments (histo-endoscopic assessment)?’.

1.4 SAFETY OF IMMUNOMODULATORS AND BIOLOGICAL AGENTS IN INFLAMMATORY BOWEL

DISEASE

The last two decades have seen a significant increase in the research and development of new
medications to treat patients with IBD. The therapeutic goal in managing these patients is to
induce and maintain clinical and endoscopic remission and to avoid relapses, intestinal
damage and need for surgical intervention®. Inadequate response to conventional therapies
including corticosteroids and immunomodulators are commonly the initiating factor for the

prescription of biological agents in Australia. They are monoclonal antibodies directed against

15



Chapter 1 Introduction

specific targets implicated in the pathogenesis of inflammation. Currently approved biological
agents in Australia for the treatment of IBD include anti-tumour necrosis factor-a (anti-TNF)
agents (infliximab, adalimumab, golimumab), an anti-a4B7-integrin agent (vedolizumab) and
an anti-interleukin 12/23 p40 agent (ustekinumab)3°. Although clinical trials have proven their
effectiveness and early safety data, there remain concerns over the safety of these drugs used
during their long-term maintenance therapy. Post-marketing data and post-registration data
have provided some reassurance of their safety profile. The safety profile of

immunomodulators and biological agents in IBD is summarised below.

1.4.1 Immunomodulators — Thiopurines

Given their use for over 50 years, there is a large amount of data that demonstrates the
efficacy of thiopurine medications especially with azathioprine and mercaptopurine in IBD. In
addition to their central role of maintaining remission in patients with IBD3?, they also reduce
phenotypic disease progression3? and improve treatment efficacy when used in combination
with anti-TNF agents®3. Combination therapy with azathioprine and infliximab has been shown
to be more effective in achieving corticosteroid-free clinical remission and higher infliximab
trough levels than infliximab monotherapy3334. Also, combination therapy with a thiopurines
and adalimumab has been shown to increase response and remission rates compared with
adalimumab monotherapy, and reduce the risk of developing anti-drug antibodies to
adalimumab3>3¢, However, approximately 15% to 40% of patients who use thiopurines
develop adverse events that lead to dose reduction or drug withdrawal, and these can be

divided into idiosyncratic or dose-dependent adverse events®’.
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Idiosyncratic reactions include gastrointestinal disturbance (such as nausea and vomiting),
malaise, headache, stomatitis, alopecia and rash in up to 10% to 15% of patients. Thiopurine-
induced pancreatitis occurs in up to 4% of patients, particularly during the first weeks of
treatment3® and the HLA-DQA1-HLA-RB1 susceptibility haplotype is associated with 9% risk in

heterozygotes and 17% risk in homozygotes®. Another rare adverse event is pneumonitis.

Myelotoxicity is a dose-dependent adverse event. Gisbert et al. reviewed 66 studies (8,302
patients) and found the incidence rate of thiopurine-induced myelotoxicity was 3 per 100
person-years (95% confidence interval [Cl] 3-4%)*!. Thiopurine-induced myelotoxicity may
occur from 12 days to 27 years of treatment, but was more frequent during the first months
of treatment. Three deaths occurred due to myelotoxicity (cumulative incidence 0.06%, 95%
Cl: 0.02-0.17) and the risk of death in patients who developed myelotoxicity was 0.94% (95%
Cl: 0.32-2.70)*. Colombel et al. showed that 27% of patients with CD and azathioprine-
induced myelosuppression had mutant alleles of the thiopurine methyltransferase (TPMT)
gene*2, Homozygote and heterozygote TPMT mutations occur in 0.3% and 6-11% of the
Caucasian population respectively®® and thiopurine dose reduction in those identified as
variant carriers result in a 10-fold reduction in myelotoxicity*>. More recently, Yang et al.
identified a variant of the Nudix hydrolase 15 (NUDT15) gene that conferred susceptibility to
thiopurine-induced leukopenia especially in the South-East Asian population**. Thiopurine-
associated hepatotoxicity occurs via three broad categories: hypersensitivity reactions,
idiosyncratic cholestatic reactions and nodular regenerative hyperplasia (NRH) that may lead

to portal hypertension®. Dose-dependent toxicity is possible in cases of NRH.
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Thiopurine metabolite monitoring of 6-thioguanine nucleotide (6-TGN) and 6-
methylmercaptopurine (6-MMP) levels reduces adverse reactions, in particular,
myelosuppression and hepatotoxicity. 6-TGN is the metabolite responsible for the therapeutic
efficacy of thiopurines (therapeutic range: 235-450pmol/8x10% erythrocytes), but elevated
levels are associated with myelosuppression. Elevated levels of 6-MMP (>5,700pmol/8x108
erythrocytes) are associated with hepatotoxicity. In patients who are preferential 6-MMP
metabolisers, the addition of the xanthine-oxidase inhibitor allopurinol with a reduced dose

of thiopurine can favour the production of 6-TGN over 6-MMP3%,

Thiopurines are associated with an increased risk of malignancies. A meta-analysis showed a
four-fold increased risk of lymphoma in IBD patients treated with a thiopurine*®, while in the
Cancer and Increased Risk Associated with Inflammatory Bowel Disease in France (CESAME)
prospective cohort study by Beaugerie et al., a five-fold increased risk of lymphoproliferative
diseases was demonstrated*’. A recent nationwide cohort study based on French National
Health Insurance databases that included 189,289 patients demonstrated thiopurine use was
associated with a risk of lymphoma [adjusted hazard ratio (HR): 2.6, 95% Cl: 1.96-3.44,
P<0.001)*. Combination of a thiopurine with an anti-TNFa agent was associated with an even
higher risk (adjusted HR: 6.1, 95% Cl: 3.5-10.8, P<0.001)*8. Azathioprine has also been shown
to be associated with myeloid neoplasms in autoimmune disorders including IBD [odds ratio
(OR): 7.1, 95% Cl 2.4-21.1, P<0.001], and there are case reports in patients with IBD*->1, The
use of thiopurines, either as monotherapy or in combination with anti-TNF agents, has also
been shown to be associated with hepatosplenic T-cell lymphoma®2. This is a rare but
aggressive fatal lymphoma that primarily affects men younger than 35 years old and is

associated with a poor prognosis.
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Non-melanoma skin cancers (NMSC) are increased in thiopurine users. The CESAME study
group showed that in 19,486 IBD patients, the risk of NSMC was HR: 5.9, 95% Cl: 2.1-16.4,
P=0.0006 in those on ongoing thiopurine treatment and HR: 3.9, 95% Cl: 1.3-12.1, P=0.02 in
previous thiopurine users exposure®3. This latter finding is contrary to the lymphoma risk,
whereby the discontinuation of thiopurines reduces the risk of lymphoma®*. Urinary tract
cancer risk was also increased, with a multivariate-adjusted HR: 2.8, 95% Cl: 1.0-7.7, P=0.04

between patients receiving thiopurines and those not receiving thiopurines®>.

Thiopurine use in IBD has also been associated with the rare development of hemophagocytic
lymphohistiocytosis (HLH) following viral infections®®. A systematic review by Fries et al.
showed that EBV and cytomegalovirus were the predominant viral infections that caused

secondary HLH in IBD patients, with a mortality rate of approximately 30%>’.

1.4.2 Immunomodulators — Methotrexate

Methotrexate maintains remission in CD>® and is most commonly used as second-line therapy
in patients intolerant to thiopurines, or at risk of adverse effects from thiopurines. In double-
blinded, placebo-controlled, multi-centre studies by Feagan et al., methotrexate effectively
improved symptoms>® and maintained remission>8 in CD. There were no severe adverse events
in methotrexate-users up to week 40 of exposure in the maintenance study, with 2.5% of the
patients in the methotrexate group withdrawing from the study prematurely due to nausea®®.
A retrospective study of 92 patients showed methotrexate to be well-tolerated®. The
commonest adverse events were nausea (22%) and elevated liver enzymes (10%), with only

6% of patients needing to cease methotrexate due to persistently abnormal liver enzymes®°.
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Methotrexate-induced hepatotoxicity occurs in 3-33% of IBD patients, with underlying
cofactors being non-alcoholic fatty liver disease, diabetes or excess alcohol consumption®?.
The addition of folic acid whilst on methotrexate is recommended, as it has been shown to

reduce the gastrointestinal and hepatotoxicity risks®2.

Methotrexate-induced lung injury is infrequent but potentially life-threatening, and typically
occurs after an extended course of therapy®. It is associated with the development of
pneumonitis, which has been reported in the IBD population®. Other pulmonary
complications from methotrexate use include bronchiolitis obliterans with organising
pneumonia, acute lung injury with non-cardiogenic pulmonary oedema, pulmonary fibrosis
and pleurisy®>®’. Methotrexate is also associated with myelosuppression and it is important
to monitor blood counts regularly®®. Cancer and lymphoma risk is not increased in
methotrexate users and methotrexate may be preferred over thiopurines in those with

increased cancer risks or prior cancers®®,

1.4.3 Anti-TNF

1.4.3.1 Infliximab — trial data

Infliximab is a mouse-human chimeric 1gG1 monoclonal antibody that targets TNFa. The
ACCENT 1 study examined the long-term efficacy and safety of infliximab in CD®. It showed
that repeated treatment with 5mg/kg or 10mg/kg of infliximab was effective in maintaining
remission at week 30 and 54 in patients who had an initial response to the drug in comparison
to placebo. There was no significant difference between the two dosages. An additional
endoscopic ACCENT 1 sub-study showed that 44% of patients with colonic ulcers treated with

maintenance doses had complete mucosal healing after 1 year compared with 18% of the
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placebo group (P=0.041)"°. No significant difference in serious adverse events or infections
between was found between the placebo and treatment groups®. One patient (0.3%)
developed tuberculosis 4 weeks after her week 14 infusion and was successfully treated,
whilst 6 patients (1.8%) developed malignancy. Cancers included an epithelial-cell skin
neoplasm (6.5 months after the first infliximab induction and placebo-maintenance); a
natural-killer cell lymphoma (10 months after week 14 infliximab induction and placebo-
maintenance); a basal-cell carcinoma (2 weeks after the week 6 infusion); a hypernephroma
(9 weeks after the week 6 infusion); a breast cancer (51 days after the week 30 infusion); and

a bladder carcinoma (49 days after the week 42 infusion)®.

1.4.3.1 Adalimumab —trial data

Adalimumab is a humanised monoclonal antibody that targets TNFa. The pivotal CLASSIC-1
trial’t demonstrated its efficacy in the induction of remission at week 4 in moderate to severe
CD. Adverse events occurred at similar frequencies in the adalimumab and placebo groups
and no tuberculosis or opportunistic infections were reported during the study’®. Injection-
site reactions occurred in 29% (66/225) of patients in the adalimumab groups, compared with
16% (12/74) in the placebo group’®. In the CLASSIC-2 trial, longer term data through to week
56 were available’2. In this study, those randomized to placebo experienced higher overall
adverse events, serious adverse events, and adverse events leading to discontinuation than
those randomized to adalimumab’2. No patients withdrew from the study due to injection-
site reactions. The commonest reported treated-emergent adverse event was nasopharyngitis
in 5%. There were no cases of tuberculosis, demyelinating event, lymphoma, malignancy or

death in the adalimumab group”?.
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The CHARM trial examined the efficacy and safety of adalimumab in the maintenance of
response and remission in patients with moderate to severe CD. Adverse events were
reported at similar frequencies between the adalimumab and placebo groups, with a higher
discontinuation of treatment rate in the placebo group than in the adalimumab group”.
Injection-site reactions occurred more frequently in the adalimumab groups (5% [26/517])
compared with the placebo group (0.4% [1/261]), but were generally mild-to-moderate’.
Tuberculosis was reported in 2 patients (0.4%) treated with adalimumab, both of whom were
purified protein derivative-negative and had normal chest radiographs at baseline’3. One
patient had received open-label adalimumab fortnightly for 197 days, and the other had
received open-label adalimumab for a total of 260 days (31 days at fortnightly dosing and 229
days at weekly dosing)’3. The latter patient had also received prednisone and azathioprine as
concomitant medications. One patient who was receiving adalimumab died from a pulmonary
embolism on day 15, with contributing risk factors including age, a history of pulmonary
embolism, hypertension and atrial fibrillation. The event was deemed by the investigators to

be unrelated to adalimumab’3.

Papamichael et al. also completed a safety assessment of anti-TNF therapy in literature
published up to August 2015 and concluded they were associated with an elevated risk of
serious infections, skin cancer and lymphoma’. Osterman et al. performed a pooled analysis
of data from 1594 patients with CD who participated in clinical trials, and found the
combination therapy of adalimumab and an immunomodulator was associated with an
increased risk of NMSC and other cancers’>. However these studies were prior to the era of
therapeutic drug monitoring (TDM). The Trough Concentration Adapted Infliximab Treatment

(TAXIT) study was a randomised controlled trial (RCT) that aimed to compare the efficacy and
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safety of concentration-based dosing of infliximab in a cohort of IBD-responder patients
treated with infliximab maintenance therapy’®. A higher proportion of patients who had dose-
escalation based on a sub-therapeutic infliximab trough concentration was in remission than
before dose-escalation (88% versus 65%, P=0.020)’¢. One patient in the concentration-based
dosing group experienced a serious adverse event (leukocytoclastic vasculitis) leading to
discontinuation of infliximab, whilst one patient in the clinically-based dosing group had a
psoriaform eczema leading to discontinuation. However, the proportion of patients reporting
adverse events that were considered to be linked to infliximab by the treating clinician were
similar in both treatment groups’®. No deaths occurred in the trial. Higher serum trough levels

of infliximab have not been linked to greater risk of adverse events’”’.

1.43.3  Anti-TNF —real-world data

The Crohn’s Therapy, Resource, Evaluation and Assessment Tool (TREAT) registry by
Lichenstein et al. evaluated the long-term safety data for infliximab in CD 7&. It recruited 3,420
participants that received infliximab and 2,853 that received conventional therapies, with a
mean length of patient follow-up being 5.2 years. Patient mortality was similar between the
two groups. However, there was an increased risk of serious infection with infliximab (HR:
1.43,95% Cl: 1.11-1.84; P=0.006)"8. The commonest infections were pneumonia, cellulitis and
abdominal abscesses. However, the severity of CD (HR: 2.2, 95% Cl: 1.6-3.2, P<0.001) and the
use of prednisone (HR: 1.98, 95% Cl: 1.4-2.7, P<0.001) carried a higher risk of serious infection
compared with infliximab use’®. No increased risk of non-Hodgkin’s lymphoma (NHL) for CD
patients treated with infliximab was found in the TREAT registry’®, however underpowering
might have contributed to the lack of that association. Studies examining the combination

therapy of anti-TNF agents with immunomodulators showed that there was an increased risk
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of opportunistic infection, herpes zoster and non-Hodgkin’s lymphoma’®8°, The ENCORE
registry by D’Haens et al. also compared the long-term safety of infliximab compared with
conventional therapies8!. Infliximab was associated with serious infections (HR: 1.66, 95% Cl:
1.2-2.3, P=0.005) and benign haematological conditions that included leukopenia,
neutropenia and thrombocytopenia (HR: 2.9, 95% Cl: 1.5-5.6, P=0.001), but not with
lymphoproliferative disorders, malignancy or death®!. There was no significant difference in

the rate of demyelinating neurological disorders between the two groups®?.

The PYRAMID registry examined safety data related to adalimumab®2. It included 5,025
patients who were evaluated over a six year period. Treatment-emergent adverse events
included 4,129 serious adverse events [n=1853 (36.9%); 24.8 events per 100 person-years],
792 serious infections [n=556 (11.1%); 4.7 events per 100 person-years] including 10 cases of
active tuberculosis, and 134 malignancies [n=116 (2.3%); 0.8 events per 100 person-years],
including ten lymphomas®2. The observed lymphoma rate (0.060 events per 100 person-years)
was lower than the estimated background rate (0.084 events per 100 person-years)82. No new

safety signals were reported in this registry.

1.4.4 Vedolizumab

1.4.4.1 Vedolizumab —trial data

Vedolizumab is a humanised, gut-selective, monoclonal IgG1 antibody to a4 7 integrin,
inhibiting migration and leukocyte adhesion from the circulation to the bowel. Gut selectivity
with this biological agent means lower risk of potential systemic side effects. Its effectiveness
as induction and maintenance therapy in the management of UC and CD was shown in the

GEMINI 1 and 2 trials respectively8384, In the latter study at week 52, 39.0 % of patients who
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randomized to 8-weekly vedolizumab were in clinical remission compared with 21.6% of
patients in the placebo group (P<0.001)%*. Nasopharyngitis occurred more frequently in the
vedolizumab group. Clinically important infusion reactions were infrequent, with only one
(0.3%) patient discontinuing the trial due to an infusion reaction®. During the trial of
maintenance phase, there was one case (0.3%) each of latent tuberculosis, carcinoid tumour
in the appendix, squamous-cell carcinoma and basal-cell carcinoma diagnosed in the
vedolizumab groups®*. There were no cases of progressive multifocal leukoencephalopathy

(PMLL).

Feagan et al. examined data from the GEMINI trials and found there was no statistically
significant difference in time to first upper or lower respiratory tract infection between
vedolizumab and placebo groups®. This also included patients who were on 4-weekly
vedolizumab maintenance. Colombel et al. examined safety data from six trials of
vedolizumab?®. Adverse events were reported more frequently with placebo (419.4 per 100
person-years) than with vedolizumab (247.8 per 100 person-years). Vedolizumab did not
increase the frequency of adverse events. Upper respiratory tract infections accounted for
approximately half or more of the total infections reported with incidence rates of 28.6 per
100 person-years with vedolizumab and 34.7 per 100 person-years with placebo®. Three
patients (0.2%) were diagnosed with pulmonary tuberculosis in patients who tested negative
for tuberculosis at baseline and were taking concomitant immunomodulators. There were no
cases of PML. They concluded that there were no significant safety concerns associated with
vedolizumab treatment®. Bye et al. also completed a systematic search that included six

registration trials and nine cohort studies®’. They found the incidence rates of infection and
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serious adverse events in the vedolizumab population were comparable to the placebo

groups, and post-marketing data did not identify any new concerns®’.

1.4.4.2  Vedolizumab — Real-world data

There have been recent ‘real-life’ studies evaluating the use of vedolizumab in inflammatory
bowel disease. A systematic review by Engel et al. examined real-world studies of vedolizumab
in IBD®. Nine studies involving 1,565 patients were included. Adverse effects were mostly
minor and occurred in 30.6% of patients. Infections were reported in 3.4% of patients®®.
Schreiber et al. incorporated real-world studies to examine the effectiveness and safety of
vedolizumab in IBD®. Overall adverse event rates were reported in 23 studies (0-67% of
patients; n=2,358) and infections in 12 studies (range 5-24%; n=1,176). Post-operative adverse
events were reported in 4 studies (n=857). The commonest adverse events were upper
respiratory tract infections including nasopharyngitis (range 1-21%), arthralgia (range <1-
20%), Clostridium difficile infection (range <1-20%) and fatigue (range 1-19%)%. The real-world
data obtained from this systematic review is consistent with those from the GEMINI trials,

with no new or unexpected safety issues.

A systematic review by Dulai et al. included treatment outcomes from the VICTORY
consortium and concluded vedolizumab was safe to use in patients with moderate-to-severe
CD®°. A retrospective multi-centre European pooled cohort study by Kopylov et al. showed
that in 184 anti-TNF naive patients on vedolizumab, adverse events were reported in 20 (11%)
of the patients, leading to treatment discontinuation in 6 (2 arthralgia, 1 neutropenia, 1
sarcoidosis flare-up, 1 tinnitus, 1 cholestasis)®!. Lenti et al. reported a multi-centre experience

of eight IBD units from Northern England that confirmed the effectiveness and safety of
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vedolizumab in both the induction and maintenance of remission in UC and CD in 203
patients®2. There was a low rate of adverse events, with 5 (2.5%) patients discontinuing the
medication (4 [2.0%] due to urticarial rash and 1 [0.5%] supraventricular tachycardia during
vedolizumab infusion). The cumulative incidence of non-infective adverse events was 5.1 per
100 person-years, while the cumulative incidence of infectious diseases was 11.9 per 100
person-years (13.7% of the cohort)®2. Nasopharyngitis and pneumonia were the commonest
infections. One patient developed viral meningitis and another patient developed of Epstein-
Barr virus infection causing acute hepatitis and both were on concomitant
immunomodulators. There was one (0.5%) case of tuberculosis reactivation affecting the
central nervous system in a 57-year old female who had type 2 diabetes mellitus. Sub-analysis
of the use of vedolizumab in the elderly aged 65 years or above reported that there were no

reports of infections®?.

1.4.5 Ustekinumab

1.4.5.1  Ustekinumab —trial data

Ustekinumab is a monoclonal antibody to the p40 subunit of interleukin-12 and interleukin-
23. The pivotal UNITI trials demonstrated its efficacy in patients with moderate to severe CD*3.
The UNITI-1 trial included 741 patients who were primary or secondary non-responders to
anti-TNFa agents, whilst the UNITI-2 trials included 628 patients who had failed conventional
therapy and had not failed biological agents. The primary end-point was a clinical response at
week 6 (defined as a decrease from baseline in the Crohn’s Disease Activity Index [CDAI] score
of 2100 points or a CDAIl score <150). The rates of response at week 6 were significantly higher
in those receiving either 130mg IV ustekinumab, approximately 6mg/kg IV ustekinumab

compared to placebo (UNITI-1, 34.3%, 33.7%, and 21.5%, respectively, with P<0.003 for both
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comparisons with placebo; in UNITI-2, 51.7%, 55.5%, and 28.7%, respectively, with P<0.001

for both doses)®3.

From these induction trials, 397 patients who had a response then participated in the IM-
UNITI trial. Patients were randomized to receive subcutaneous maintenance injections of
90mg of ustekinumab either every 8 weeks or 12 weeks, or placebo. The primary end point
was remission at week 44 (CDAI score < 150). In the groups receiving maintenance doses of
ustekinumab every 8 weeks or every 12 weeks, 53.1% and 48.8%, respectively, were in
remission at week 44, as compared with 35.9% of those receiving placebo (P=0.005 and

P=0.04, respectively)®.

The rates of adverse effects were similar between treatment and placebo groups in both
induction trials®3. At week 44 of the IM-UNITI trials, the percentages of patients in the primary
population with at least one adverse event in the groups receiving 90 mg of ustekinumab
every 8 weeks, 90 mg of ustekinumab every 12 weeks, and placebo were 81.7%, 80.3%, and
83.5%, respectively®®. The percentages of patients with a serious adverse event were 9.9%,
12.1%, and 15.0%, respectively®3. A serious infection developed in 13 patients across all three
study groups, occurring in 2.3% in the 8-weekly ustekinumab group, 5.3% in the 12-weekly
ustekinumab group, and 2.3% in the placebo group. Three opportunistic infections occurred
comprising of one case of listeria meningitis (following induction with 6mg/kg of ustekinumab
on concomitant prednisone 30mg per day), and two cases of oesophageal candidiasis (one in
a patient taking prednisone 40mg per day and methotrexate and the other in a patient not in
the primary IM-UNITI population who was receiving 8-weekly SC ustekinumab)®3. One case of

active pulmonary tuberculosis occurred in a high-tuberculosis endemic area approximately 10
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months after the administration of a single 130mg IV ustekinumab and placebo maintenance

therapy®.

Two patients developed a basal cell-carcinoma in the maintenance trial — one in the placebo
group and one in the 8-weekly ustekinumab group®®. One patient in the 12-weekly
ustekinumab group developed a metastatic adenocarcinoma in the small bowel and a
carcinoid tumour was found incidentally in the resected bowel. After 1 year of therapy, there
were no deaths. There was no apparent relationship between dose and safety of ustekinumab

in the UNITI trials®3.

Ustekinumab exposure through to 96 weeks of the IM-UNITI maintenance study recruited 718
subjects with 86.5% (621/718) completing Week 96 of follow up®*. Adverse events per
hundred person-years were similar among ustekinumab and placebo groups, including overall
adverse events (484.4 versus 447.8), serious adverse events (19.2 versus 18.8) and serious
infections (4.1 versus 4.0). Comparable rates of adverse events were noted between the 8-
weekly and 12-weekly ustekinumab groups. A 45 year old male from South Africa that was
negative for tuberculosis at screening developed tuberculosis. He tested positive to
QuantiFERON TB Gold on routine annual screening and bronchial brushings were positive for
Mycobacterium tuberculosis. This was deemed unrelated to ustekinumab. A serious
opportunistic infection of cytomegalovirus colitis occurred in a 32 year old who received
ustekinumab induction followed by maintenance (440 days after last exposure to
ustekinumab). The number of treatment-emergent malignancies per hundred person-years of
follow-up was 2.60 for placebo patients and 0.37 for ustekinumab patients. Three deaths were

reported, two due to presumed cardiovascular causes and one suicide. Two of these patients
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were receiving 8-weekly ustekinumab and the other patient was receiving 12-weekly
ustekinumab. The data from this long-term extension study illustrate that ustekinumab is well

tolerated with a favourable safety profile%.

1.4.5.2  Ustekinumab — Real-world data

A retrospective multi-centre cohort study evaluated the long-term efficacy and safety of
ustekinumab in patients with anti-TNF refractory CD®°. In the study, 122 patients were
followed up for a median treatment duration of 26.6 months. At the end of follow-up, 5
patients stopped ustekinumab due to side effects including pulmonary infection (n=1), a flare
of hidradenitis suppurativa (n=1), acne (n=1), disabling myalgia (n=1) and anal
adenocarcinoma (n=1). The anal adenocarcinoma developed in a 32-year old man with a 26-
year history of CD that was treated with ustekinumab for 30 months. There were no

opportunistic infections or deaths reported®>.

A notable study that examined the safety profile of ustekinumab in the real-world is the
PSOLAR study by Papp et al., albeit in the psoriasis population®®. A total of 12,093 patients
(48,388 person-years) were included and they found that there was no increased risk of
malignancy, serious infection, major adverse cardiovascular events or mortality with
ustekinumab on multivariate analyses®. A sub-analysis of 2.3% of PSOLAR patients with
concomitant IBD showed that having IBD increased the risk of infections compared to psoriasis
overall. However, patients treated with ustekinumab had numerically lower rates of serious

infections compared with patients receiving other biological and non-biological therapies®’.
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1.5 WITHDRAWAL OF IMMUNOSUPPRESSIVE THERAPY IN INFLAMMATORY BOWEL DISEASE

Immunosuppressive therapy is fundamental in achieving remission for patients with IBD.
However given their safety concerns as described above, particularly when used as
combination therapy, clinicians and patients may consider de-escalating or withdrawing
immunosuppressive medications once remission has been achieved. This decision involves
carefully weighing up the benefits of maintaining remission versus the risks of opportunistic
infections, lymphoproliferative disorders and other cancers. However, it is important to
consider the risk of disease relapse upon withdrawal of therapy. Prior evidence relates to

mesalazine withdrawal, immunomodulator withdrawal or anti-TNF agent withdrawal.

1.5.1 Topical mesalazine

Studies assessing topical mesalazine withdrawal date back over 30 years ago. Hanauer et al.
performed a multi-centre double-blinded randomised controlled trial for patients with
ulcerative proctitis in clinical and endoscopic remission, who were randomised to use a
mesalazine suppository once daily versus placebo as sole maintenance therapy®. They found
that at 12- and 24- months, the proportion of placebo-treated patients who relapsed (86%
and 89% respectively) was significantly greater than mesalazine-treated patients (32% and
46% respectively, P <0.001)%. The mean time to relapse was 158.0 days in the placebo group
and 453.4 days in the mesalazine group (P < 0.001)%. Although this study demonstrated the
role of maintenance mesalazine suppository therapy in the setting of remission, Marteau et
al. performed a randomised controlled trial on 95 patients with ulcerative proctitis in clinical

and endoscopic remission who were randomised to use mesalazine 1g three times per week
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versus placebo®. The relapse rate was lower in the mesalazine group for the following time
periods: 0-90 days (19% versus 38%, P=0.035), 0-180 days (29% versus 54%, P=0.017) and O-
270 days (38% versus 60%, P=0.031). Overall 28% versus 61% of patients who remained in the
protocol were in remission at one year (P=0.001), concluding that mesalazine suppositories
1g three times per week was effective in preventing relapses®. This study confirmed that

dose-reducing the suppository therapy schedule was still effective in preventing relapses.

For left-sided colitis, enema therapy is typically used for maximal benefit. Biddle et al.
performed a randomised, double-blinded, placebo-controlled trial involving 25 patients in
clinical and endoscopic remission who were randomised to either use a mesalazine 1g enema
daily for maintenance versus placebo!®. They found 84.6% (11/13) of patients in the placebo
group had a relapse compared to 25% (3/12) of patients in the mesalazine group (P<0.005)%.
Put together, these studies demonstrate that topical mesalazine withdrawal in the setting of
remission is associated with a higher rate of disease relapse, with evidence supporting the use

of dose-reduced maintenance topical mesalazine therapy.

1.5.2 Oral mesalazine

Similar to topical mesalazine, most studies examining the relapse rate following withdrawal of
oral mesalazine have shown higher relapse rates in the withdrawal group compared to the
continue group. However, studies varied in terms of their compound and frequency of dosing.
In a double-blinded randomised controlled trial, Ardizzone et al. compared 12-month relapse
rates for patients who withdrew oral mesalazine-based therapy in the setting of clinical,
endoscopic and histological remission??!. Patients were randomised to continue mesalazine

or placebo, and were divided into two groups depending on the length of remission before
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entering the study — either 1-2 years or greater than 2 years. They found that mesalazine was
more effective than placebo in preventing relapse at 12-months for patients who had only
been in remission for 1-2 years, however there was no difference in relapse rates for patients

101 |1t was concluded that mesalazine

who had been in remission for greater than 2 years
prophylaxis is required to prevent relapse for patients in remission for less than 2 years,

however it may not be required for patients in prolonged remission.

There is limited data on the outcomes of mesalazine-withdrawal for patients on an
immunomodulator. Mantzaris et al. performed a randomised controlled trial for patients with
UCin clinical, endoscopic and histological remission!2. Patients were randomised to continue
combined azathioprine and olsalazine versus azathioprine monotherapy. They found no
significant difference in relapse rates between both groups at 2 years, however compliance
was greater in the monotherapy group!®2. Further prospective studies are required to assess
whether mesalazine can be safely withdrawn from patients on an immunomodulator, taking
into account baseline factors and using other objective markers such as CRP, faecal

calprotectin, endoscopic and histological assessments.

1.5.3 Immunomodulator and anti-TNF agents

Immunomodulatory therapy forms a cornerstone in managing patients with moderate to
severe inflammatory bowel disease. However as described earlier, there are concerns
regarding side effects, including opportunistic infections, skin cancers and lymphomas. As
such, considerations regarding immunomodulatory withdrawal are not uncommon when
patients are in remission. However, understanding relapse rates following immunomodulatory

withdrawal is important.
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Most studies examining the withdrawal of immunomodulator monotherapy have been in CD.
Lémann et al. found that azathioprine withdrawal led to higher relapse rates compared to
azathioprine continuation (21% versus 8%) at 18 months for patients who had been in clinical
remission for at least 42 months prior!®, Importantly, they identified that a CRP > 20mg/L and
haemoglobin < 120g/L were predictive of relapse on multivariate analysis'®®. Further, a multi-
centre retrospective cohort study that included 237 patients from 11 centres in the United
Kingdom demonstrated that following thiopurine withdrawal for IBD patients in sustained
clinical remission, a moderate-to-severe relapse occurred in 23% of CD and 12% of UC patients
at 12 months®, This increased to 39% of CD and 26% of UC patients at 24 months%, It was
found that an elevated CRP at withdrawal was associated with higher relapse rates in the CD
group, and an elevated WCC was predictive at 12 months in the UC group!®. A recent
systematic review and meta-analysis that involved seven RCTs, which included a total of 334
patients with CD and 67 patients with UC, found a significantly higher relapse rate after
immunomodulator withdrawal compared to continuation (RR: 1.9, 95%Cl: 1.4-2.4,
P<0.001)1%. It should be noted there have been limited studies on methotrexate or

mercaptopurine withdrawal.

Despite the higher risk of relapse following immunomodulator withdrawal despite remission,
multivariable analyses have identified factors, such as elevated inflammatory markers or
reduced haemoglobin, that have been associated with relapse. These analyses are important
as they identify a sub-group of patients that may benefit from immunomodulator withdrawal

without increasing the risk of relapse.
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Combination therapy between thiopurines and anti-TNF agents has been shown to be more
effective than monotherapy in the treatment of inflammatory bowel disease*. However,
given the higher risks associated with such combination therapy, patients and clinicians may
consider withdrawal of one of these agents once in remission. Van Assche et al. examined the
impact of withdrawing immunomodulator therapy from infliximab for patients with Crohn’s
disease in remission for at least 6 months, compared with continuing combination therapy*°®.
There was no significant difference in the proportion of patients who required a change in
infliximab dosing or stopped infliximab by week 1041°¢. However they identified that CRP

levels were higher and infliximab levels were lower in the withdrawal group?®®,

Conversely, the STORI trial by Louis et al. examined the relapse rate following infliximab
withdrawal from combination therapy with an immunomodulator!®’. From a prospective
cohort of 115 patients with CD, 43.9% of patients relapsed during a median follow-up period
of 28 months. On multivariable analysis, risk factors for relapse included a CRP > 5mg/L, faecal
calprotectin > 300ug/g, haemoglobin < 145g/L, leukocyte counts > 6.0x10°/L and male sex'%’.
These data suggest that despite clinical remission, a consideration into biochemical disease
activity is important prior to drug withdrawal. More recently, the SPARE study by Louis et al.
compared the relapse rate for patients in steroid-free clinical remission for more than six
months who continued combination therapy, or stopped either infliximab or
immunosuppressant therapy!®®. They found that infliximab withdrawal was associated with
greater risk of relapse at two years compared to the combination group (HR: 3.5, 95%Cl: 1.6-
7.7, P=0.003) and compared to the immunosuppressant withdrawal group (HR: 4.8, 95%Cl:

1.9-11.1, P=0.0004)%%8, It was concluded that immunosuppressant withdrawal may be
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considered as a preferable strategy when considering treatment de-escalation compared with

infliximab withdrawal®,

Despite evidence detailing the relapse rates following treatment de-escalation with
immunomodulators and infliximab, there is a lack of data when considering newer biological
agents such as vedolizumab. Current evidence suggests that combination therapy between
vedolizumab and an immunomodulator is not superior to vedolizumab monotherapy®,
however no study has assessed this as a primary outcome. Also, the effects of
immunomodulator withdrawal from vedolizumab therapy in the setting of remission is

unknown, despite its importance in clinical practice. As such, randomised controlled studies

are required to examine this question.

1.6 PURPOSE OF THIS THESIS:

Given the preceding background provided in this introduction, it is evident that there are a
number of gaps in the literature about how best to utilise biological agents whilst taking into
account their safety profile. In this context, the overall aims of the current thesis are to:
e Investigate and provide updated epidemiological data to understand the current
patient population
e Provide guidance on the sequencing of biological agents in UC given varying efficacy

and safety profiles
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e Understand the knowledge of the use of histology in UC by gastroenterologists and
pathologists given its establishment as a part of current clinical trials and potential role
in future clinical management

e Investigate the benefit, or lack thereof, or thiopurine use with vedolizumab

1.6.1 HYPOTHESES AND AIMS

HYPOTHESIS 1:

e The prevalence if IBD is rising in Australia, particularly in the elderly
e Aims (Chapter 2):
o To determine the prevalence of IBD in a metropolitan area of Sydney

o To determine the prevalence of IBD in older population groups

HYPOTHESIS 2:

e Vedolizumab has a longer persistence of use than infliximab in moderate-to-severe UC
as a first-line biological agent
e Aims (Chapter 3):
o To compare the persistence of infliximab and vedolizumab as first- and second-
line biological therapies
o To compare persistence rates of infliximab and vedolizumab at 12-, 24-, 36- and

48- months
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o To analyse the persistence of infliximab and vedolizumab stratified by

immunomodulator co-therapy

HYPOTHESIS 3:

e Knowledge into the role of histology in UC, including histological scoring systems, by
gastroenterologists and pathologists is poor
e Aim (Chapter 4):
o To evaluate the knowledge of histology guidelines and attitudes towards the

use of histology in UC by gastroenterologists and pathologists

HYPOTHESIS 4:

e Thiopurines may provide benefit when used together with vedolizumab in UC
e Aims (Chapter 5):
o To determine the impact of withdrawing thiopurine therapy for vedolizumab-
treated patients with UC in remission (including vedolizumab levels, clinical
remission, endoscopic remission, biochemical remission and histological

remission)
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This chapter is a reproduction of the published manuscript “High prevalence of Crohn disease

and ulcerative colitis among older people in Sydney” by Pudipeddi et al.
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ABSTRACT

Objectives: To determine the age-standardised prevalence of inflammatory bowel disease
(IBD) in a metropolitan area of Sydney, with a focus on its prevalence among older people.

Design, setting: This population-based epidemiological study was conducted within the

metropolitan area of inner-west Sydney. Age-standardisation was performed according to the
World Health Organisation Standard Population.

Participants: Patients diagnosed with IBD using the Copenhagen or revised Porto criteria and
confirmed through medical records. Elderly was defined as age > 65 years.

Main outcome measures: Crude prevalence of IBD, including Crohn’s disease and ulcerative

colitis; age-standardised prevalence of IBD based on the World Health Organisation standard
population; prevalence rates in the population aged 65 years or more.

Results: The median age of 364 people with IBD was 47 years (IQR, 34—62 years); 185 were
women (50.8%). The crude IBD prevalence rate was 414 cases (95% Cl, 371-456 cases) per
100 000 population; the age-standardised rate was 348 cases (95% Cl, 312—-385 cases) per
100 000 population. The age-standardised rate for Crohn disease was 166 cases (95% Cl, 141-
192 cases) per 100 000 population; for ulcerative colitis, 148 cases (95% Cl, 124—-171 cases)
per 100 000 population. The IBD prevalence rate in people aged 65 years or more was 612
cases (95% Cl, 564—-660 cases) per 100 000, and for those aged 85 years or more, 891 cases
(95% Cl, 833—949 cases) per 100 000; for people under 65, the rate was 380 cases (95% Cl,
342-418 cases) per 100 000.

Conclusions: We found that the prevalence of confirmed IBD in a metropolitan sample was
highest among older people. Challenges for managing older patients with IBD include higher
rates of comorbid conditions, polypharmacy, and cognitive decline, and the

immunosuppressive nature of standard therapies for IBD.
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2.1 INTRODUCTION

The worldwide burden of inflammatory bowel disease (IBD), which includes Crohn’s disease
and ulcerative colitis, has increased markedly over the past sixty years,* partly because IBD is
incurable but rarely fatal.? Its prevalence is greatest (but stable) in western Europe and North
America,! but its incidence has risen over the past two decades in more recently industrialised

countries in Asia, South America, and Africa.>*

The burden associated with IBD in Australia is high; it was estimated to have incurred more
than $2.7 billion in costs in 2012.° Earlier epidemiological studies in Victoria (2010-11)® and
Tasmania (2013-14)’ included mixed urban and rural populations; in a multi-nation Asia—
Pacific study, epidemiological variations were associated with population density and
proximity to metropolitan areas.® Young people with IBD may move to cities for education

and employment, reducing the apparent prevalence of IBD in rural areas.

It was recently reported that IBD prevalence rates in Lothian (Scotland) were very high among
people aged 60—-79 years (1178 per 100 000) or 80 years or more (1042 per 100 000), and
they are projected to rise further by 2028.° The use of immunosuppressive therapies to treat
IBD in these age groups is problematic, as opportunistic infections, sepsis, comorbid

conditions, and malignancy are more frequent in older patients.

We therefore examined age-specific prevalence rates of IBD in a defined metropolitan area

of Australia, focusing on its prevalence in older people.
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2.2 METHODS

2.2.1 Population characteristics

We assessed the prevalence of IBD in the City of Canada Bay, a local government area in the
inner west of Sydney, with a population of 88 015 at the time of data collection (Figure 2.1).1°
Concord Hospital, a centrally located public hospital with an established IBD clinic, provides

free health care for patients with IBD.

Figure 2.1. The City of Canada Bay local government area
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2.2.2 Data collection

We analysed clinical data for people with IBD living in the City of Canada Bay (postcodes 2046,
2047, 2137, 2138) during 1 March 2016 — 10 November 2016, including those reviewed by
gastroenterologists outside the study area. We identified people treated at Concord Hospital
according to International Classification of Diseases, 10th revision (ICD-10) coding. We also

obtained information on patients from gastroenterologists and colorectal surgeons at
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Concord Hospital, private gastroenterology and colorectal surgery practices, the Sydney IBD
database (ambulatory IBD patients identified in medical records from Concord Hospital and
City of Canada Bay community gastroenterologists), and the paediatric IBD database of the

Westmead Children’s Hospital.

Two authors (AP, JL) collected patient data in standardised forms. Given the heterogeneity of
the data sources, various search methods were employed to identify patients, including
searches for keywords (e.g., Crohn’s, colitis, IBD), pharmaceutical prescriptions, and ICD-10
codes. Demographic data (patient’s initials, sex, age, postcode) were collected to check for
duplication and for analyses of point prevalence. “Older person” was defined as someone
aged 65 years or more. Clinical data (IBD subtype, age at diagnosis) were obtained from
patient medical records. The most recently updated IBD phenotype details (according to the

Montreal classification!!) were also collected.

2.2.3 Inflammatory bowel disease diagnostic criteria

We included only patients with confirmed IBD according to the internationally recognised
Copenhagen'?'3 (Table 2.1) and revised Porto criteria'# for clinical, endoscopic, radiological
and histological findings. Each included IBD case was independently verified by two of the

authors (AP, JL).
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Table 2.1. Copenhagen Diagnostic Criteria for inflammatory bowel disease

Crohn‘sdisease
(two or more of
the criteria

present)

Ulcerative colitis
(all 3 criteria

present)

Inflammatory
bowel disease,

unspecified

1. History of abdominal pain, weight loss, and/ diarrhea for
more than three months
2. Characteristics endoscopic findings of ulceration
(aphthous lesions, snail track ulceration) or cobble-stoning
or radiological features of stricture or cobble-stoning
3. Histopathology consistent with Crohn’s disease
(epithelioid granuloma of Langerhans type or
transmural discontinuous focal or patchy inflammation)
4. Fistula and/or abscess in relation to affected bowel segments
1. History of diarrhea and/or rectal bleeding and pus for more
than a week or repeated episodes
2. Characteristic endoscopic findings of continuous
ulceration, vulnerability or granulated mucosa
3. Histopathology consistent with ulcerative colitis
(neutrophils within epithelial
structures, cryptitis, crypt distortion, crypt abscesses)
Where intestinal inflammation with acute and chronic colitis
is seen but with no pathognomonic histological signs of Crohn’s
disease or consistent signs of ulcerative colitis,

and where treatment is necessary
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2.2.4 Data analysis

Crude IBD prevalence rates were calculated by dividing the number of confirmed cases by the
City of Canada Bay resident population; rates were separately calculated for Crohn’s disease,
ulcerative colitis, and IBD unclassified (IBDU). Rates, with 95% confidence intervals (Cls), were
expressed per 100 000 population. Direct age standardisation was based on the World Health
Organization standard population,'® permitting comparisons with overseas data; 95% Cls were
calculated with the Keyfitz formula.l® Statistical analysis was performed in the Statistical

Package for the Social Sciences (SPSS) Statistics 23.

2.2.5 Ethical considerations
Our study was approved by the Sydney Local Health District Human Research Ethics

Committee (reference, HREC/16/CGH/21).

2.3 RESuLTS

2.3.1 Demographics characteristics and phenotypes

We identified 364 prevalent cases of IBD; the median age of patients was 47 years
(interquartile range [IQR], 34-62 years; range, 7-100 years), and 185 patients were women
(50.8%). The median duration of IBD was 8 years for Crohn’s disease (IQR, 4-17 years), 10
years for ulcerative colitis (IQR, 4-18 years) and 11 years for IBDU (IQR, 4-14.5 years) (Table

2.2).
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Table 2.2. Demographic characteristics of residents of the City of Canada Bay with

inflammatory bowel disease

Crohn’s disease  Ulcerative colitis IBD-unspecified

364 164 160 40
Male sex, n (%) 179 (49) 82 (50) 83 (52) 14 (35)
Age (years), median 47.0 (34.0-62.0) 45.5(31.0-56.3)  46.5(36.0-63.0)  56.5 (43.3-76.0)
(IGR)
Disease duration 9.0 (4.0-17.0) 8.0 (4.0-17.0) 10.0 (4.0-18.0) 11.0 (4.0-13.5)
(years), median (IQR)

IBD = inflammatory bowel disease; IQR = interquartile range

Complete phenotypic details were available for 163 of 164 cases of Crohn’s disease (99.4%)
and 159 of 160 cases of ulcerative colitis (99.4%). Most patients with Crohn’s disease were
diagnosed when aged 17-40 years and had disease affecting both the ileum and colon (68 of
164 patients, 41%). Disease was usually inflammatory but non-stricturing and non-penetrating
(98 patients, 60%); 37 patients (23%) were classified as having peri-anal disease. The most
frequent disease extent for ulcerative colitis was left-sided colitis (63 of 160 patients, 39%)

(Table 2.3).
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Table 2.3. Inflammatory bowel disease phenotypes of patients in the City of Canada Bay,
according to the Montreal classification'?

Phenotypic characteristics Number of cases (%)

Crohn’s disease 164

Age at diagnosis (years)

<16 17 (10%)
17 - 40 95 (58%)
> 40 51 (31%)

Disease extent

L1 (lleal) 43 (26%)
L2 (Colonic) 53 (32%)
L3 (lleo-colonic) 68 (41%)
L4 (isolated upper Gl involvement) 0 (0.0)

Disease behaviour

B1 (Non-stricturing and non-penetrating) 98 (60%)
B2 (Stricturing) 34 (21%)
B3 (Penetrating) 31 (19%)
P (Perianal involvement) 37 (23%)

Ulcerative colitis

Disease extent

E1 (Proctitis) 56 (35%)
E2 (Left-sided colitis) 63 (39%)
E3 (Pancolitis) 40 (25%)
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2.3.2 Prevalence rates

The crude IBD prevalence rate was 414 cases (95% Cl, 371-456 cases) per 100 000 population;
the age-standardised rate was 348 cases (95% Cl, 312—385 cases) per 100 000 population. The
age-standardised prevalence of Crohn’s disease was slightly higher than that of ulcerative

colitis (Table 2.4).

Table 2.4. Prevalence of inflammatory bowel disease and its subtypes in the City of Canada
Bay

Number of cases Crude point Age-standardised

prevalence rate, per  prevalence rate, per

100,000 (95% CI) 100,000 (95% CI)
All types 364 414 (371-456) 348 (312-385)
Crohn’s disease 164 (45%) 186 (158-215) 166 (141-192)
Ulcerative colitis (n=160) 160 (44%) 182 (154-210) 148 (124-171)
IBD-U (n=40) 40 (11%) 45 (31-60) 34 (23-46)

Cl = confidence interval

2.3.3 Age-specific Prevalence Rates
IBD prevalence increased with age (Table 5). The prevalence of Crohn’s disease peaked in the
50-54-year age group, that of ulcerative colitis in the 35—39-year and the 85 years or more

age groups (Figure 2.2). The age distribution was similar for both sexes (Figure 2.3).
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Table 2.5. Age-specific prevalence of inflammatory bowel disease in the City of Canada Bay

Age group (years)

Number of cases

Prevalence rate, per 100 000 (95% Cl)

10-14

15-19

20-24

25-29

30-34

35-39

40-44

45-49

50-54

55-59

60 - 64

70-74

75-79

80-84

=85

Cl = confidence interval

18

29

31

42

31

34

36

26

23

79

20

15

13

13

18

380 (342-418)
0
21 (12-30)
174 (146-202)
175 (149-204)
287 (253-320)
354 (318-391)
365 (327-402)
606 (558-654)
484 (441-527)
586 (539-633)
663 (612-713)
522 (477-566)
538 (492-583)
612 (564-660)
507 (463-551)
512 (468-556)
572 (526-619)
743 (689-796)

891 (833-949)
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Figure 2.2. Age-specific prevalence of inflammatory bowel disease in the City of Canada Bay,

by type and age
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Figure 2.3. Age-specific prevalence of inflammatory bowel disease in the City of Canada Bay,

by sex

M Male
M Female

500 400 300 200

Age-specific prevalence (per 100 000 population)

2.3.4 Age at diagnosis

Age at diagnosis was available for 362 of 364 patients (99.5%). Median age at diagnosis was
32 years (IQR, 23—-48 years). For Crohn’s disease, the median age of diagnosis was 27 years
(IQR, 20-41.5 years) for men, 31.5 years (IQR, 25-47 years) for women. For ulcerative colitis,
the median age at diagnosis was 31 years (IQR, 24-53 years) for men, 32 years (IQR, 23-46

years) for women (Figure 2.4).
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Figure 2.4. Age at diagnosis for people in the City of Canada Bay with Crohn’s disease or

ulcerative colitis, by sex
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2.3.5 Data Sources
Of the 364 cases, 175 (48%) were identified in a single data source, including 139 patients of

a private gastroenterologist (Table 2.6).

Table 2.6. Number of data sources including data on prevalent inflammatory bowel

disease cases

Number of data sources Number of cases

1 175 (48%)
2 125 (34%)
3 48 (13%)
4 15 (4%)
5 1(0.3%)
Total 364

2.4 DISCUSSION

We have reported the first population-based IBD prevalence study in New South Wales, and
the first IBD prevalence study in Australia restricted to a metropolitan area. Our population-
based methodology allows direct comparison with other national and international studies
(Table 2.7). We found the highest age-standardised rates of IBD (348 cases per 100 000
population), Crohn’s disease (166 per 100 000 population) and ulcerative colitis (148 per
100 000 population) reported by any study in Australia or New Zealand.>”*” The prevalence

rate of Crohn’s disease was higher than that of ulcerative colitis, as also found by earlier
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Australian, New Zealand and Canadian studies,>”’¥9 but not by older studies from
Scandinavia and North America.?’2? These differences are consistent with observations over
the past fifty years that the incidence of ulcerative colitis had increased but then plateaued,

while that of Crohn’s disease has continued to increase.?3

Table 2.7. Comparison of historical population based data on inflammatory bowel disease prevalence

rates (per 100 000 population)

Year Date of All Crohn’s Ulcerative
published study inflammatory disease colitis
bowel disease
Studd® Barwon, 2016 2010-2011 315 191 115
Victoria
Gearry'’ Canterbury, NZ 2006 2004 274 145 122
Bernstein'® Canada 2006 1998-2000 473 279 194
Bitton?!?® Canada 2014 2001-2008 441 277 164
Jacobsen?? Denmark 2006 2002 445 151 294
Loftus?! Olmsted, USA 2007 2001 388 174 214
Kappelman USA 2007 2003-2004 444 201 238
22
Bhatia’ Tasmania 2019 2013-2014 304 166 131
Jones® Lothian, 2019 2018 784 284 432
Scotland

Our prevalence rates are slightly higher than reported by earlier Australian studies for mixed
urban and rural populations.®’ The difference is probably attributable to a time-cohort effect
(cumulative increase in number of IBD cases over time), but our higher rate may be related

to the urban nature of our sample. A systematic review and meta-analysis found that the risks
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of Crohn’s disease (incidence rate ratio [IRR], 1.42; 95% Cl, 1.26—1.60) and ulcerative colitis
(IRR, 1.17; 95% Cl, 1.03—1.32) were higher for urban than rural residents.?? Factors that may
contribute to greater risk include higher rates of smoking (for Crohn’s disease), better hygiene
and sanitation, antibiotic use, and air pollution in urban areas, as well as migration of young
people from rural to metropolitan regions for education and employment. Further
exploration of risk factors associated with urban living that may contribute to the

pathogenesis of IBD is required.?*

Our major finding was that the age-specific prevalence of IBD increased with age. The
prevalence rate among people aged 65 years or more was 612 (95% Cl, 564—-660 cases) per
100 000 population, and 380 (95% Cl, 342—418 cases) per 100 000 people under 65 years of
age; 79 patients with IBD (22%) were 65 years or more old, compared with 12 916 of 88 015
people (14.7%) in the City of Canada Bay population. We also found that the prevalence of
IBD among people aged 85 years or more was 891 per 100 000 people. Both rates are higher
than the 483 cases per 100 000 people for age 65 years or more reported by an earlier
Australian study, which found that IBD prevalence increased from the age of 15-24 years, and
was highest among those aged 25-54 years and people aged 65 years or more.® Our differing
finding is probably attributable to a cumulative increase in the number of IBD cases over time.
A Canadian study found that the prevalence of ulcerative colitis was highest among people
aged 40-49 years, but was similar for older age groups.!® Findings from other studies have
been heterogeneous; some North American studies reported, like us, a steady increase in IBD
prevalence with age, particularly of ulcerative colitis.'®22 As ulcerative colitis is more common
among non-smokers, these patients may have lower mortality, as they are healthier than the

age-matched general population, as previously reported.?*
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The rising prevalence of IBD with age is important for management strategies, including the
use of immunosuppressive medications that exacerbate the risks of infections and
malignancies in older people.?® Accurate prevalence rates allow health care administrators to
efficiently plan for investigating IBD and managing patients. Our findings highlight the
importance of safer therapies, appropriate cancer screening, and taking comorbid conditions
into account when managing older people with IBD.?” Systemic immunosuppressive therapies
should be de-escalated when possible, and newer biological agents less likely to lead to sepsis,

such as ustekinumab and vedolizumab, should be considered.?®

The demographic features of the City of Canada Bay are similar to those of Greater Sydney,
NSW, and Australia (Table 2.8), except for higher proportions than the Australian population
of people with Chinese (17% v 5.2%) or Italian ancestry (15% v 4.3%). Extrapolating the IBD
prevalence rate in Canada Bay would suggest that 16 797 people in Greater Sydney, 26 046
in NSW, and 81 485 in Australia live with IBD. By way of comparison, it was estimated in 2013
that the number of people in Australia living with IBD in 2016 would lie in the range 72 805—

89502.°
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Table 2.8. Comparison of population demographic features and estimated numbers of cases of

inflammatory bowel disease, based on City of Canada Bay data?®

City of Canada  Greater Sydney New South Australia

Bay Wales

Estimated number of 364 16,797 26,046 81,485
patients with
inflammatory bowel

disease

Population 88,015 4,823,991 7,480,228 23,401,892
Males 48.1% 49.3% 49.3% 49.3%
Median age 36.0 36.2 38.0 38.0
Born overseas 40.5% 42.9% 34.5% 33.3%
Indigenous Australians 0.5% 1.3% 2.9% 2.8%
Occupation: professionals 33.1% 26.3% 23.6% 22.2%
Unemployment 5.0% 6.0% 6.3% 6.9%

Strengths and limitations

We fully characterised all included patients to confirm diagnoses according to the
Copenhagen and revised Porto criteria. Duplication of cases was avoided by uniquely
identifying each case. Phenotypic details were available for all but two patients, perhaps
explaining the larger proportion of IBD-U patients than in other studies. In contrast, detailed
information on disease location in another Australian study was available for only 350 of 579

patients with prevalent Crohn’s disease (60%).°

Limitations include the fact that we undertook a retrospective review of medical records, and
we may have missed patients who sought gastroenterology care outside the City of Canada
Bay. Mild cases of IBD may be managed by family physicians, but they do not usually manage

IBD without involving a specialist gastroenterologist.?’ We used different search methods to
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reduce selection bias, including searches of paper medical records and for keywords in
electronic medical records. Further, we selected an area with a small population compared
with some other studies. However, the smaller population facilitated full case ascertainment
in @ metropolitan area, an approach not previously undertaken in Australia. The ethnic
background, socio-economic status, and urban nature of our population may affect the
generalisability of our findings to Australia as a whole. Finally, undiagnosed IBD is possible, as
the median time from symptom onset to diagnosis is 4 months for ulcerative colitis and 9

months for Crohn’s disease.30

2.5 CONCLUSION

In the first IBD prevalence study in New South Wales, the most populous state in Australia, we
found that its prevalence was high in the City of Canada Bay, particularly among people aged
65 years or more. The high age-specific IBD prevalence in the middle-aged and older people

has important implications for treatment decisions.
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Chapter 3

Sequencing of infliximab and
vedolizumab in moderate-to-severe
ulcerative colitis

This chapter is a reproduction of the published manuscript “Vedolizumab has longer
persistence than infliximab as a first-line biological agent but not as a second-line biological
agent in moderate-to-severe ulcerative colitis: real-world registry data from the Persistence

Australian National IBD Cohort (PANIC) study” by Pudipeddi et al.

Journal reference:

e Pudipeddi A, Ko Y, Paramsothy S, Leong R. Vedolizumab has longer persistence than
infliximab as a first-line biological agent but not as a second-line biological agent in
moderate-to-severe ulcerative colitis: real-world registry data from the Persistence
Australian National IBD Cohort (PANIC) study. Therap Adv Gastroenterol 2022; Mar

8,;15:17562848221080793
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ABSTRACT

Background: The choice between infliximab (IFX) and vedolizumab (VED) as a first-line
biological agent in moderate-to-severe ulcerative colitis (UC) can be difficult. Second-line
vedolizumab (VED) efficacy may decline following prior infliximab (IFX) treatment failure in UC
patients. However, it is not known whether second-line IFX efficacy declines after failure of
first-line VED.

Aims: We aimed to compare first-line and second-line persistence of IFX and VED, in particular
whether second-line IFX persistence declines after failure of first-line VED.

Methods: Persistence of IFX and VED was analysed from the Australian Pharmaceutical
Benefits Scheme registry data as either first- or second-line treatment in UC. Propensity score
matching (1:1) was conducted in the comparison of first-line treatments. Cox proportional
hazard regression analysis was used to identify significant predictors and expressed as a
hazard ratio (HR and 95%Cl).

Results: There were 420 subjects with moderate-severe UC who received either first-line IFX
(n=251) or VED (n=169), with 774 patient-years of follow up. First-line VED had significantly
longer persistence than first-line IFX (>50.2 versus 22.2 months, P=0.001). 53 subjects failed
first-line IFX and swapped to second-line VED (IFX->VED group). 22 subjects failed first-line
VED group and swapped to second-line IFX (VED—>IFX group). First-line VED persistence was
significantly longer than second-line VED (>50.2 versus 32.0 months, P=0.03), but first-line IFX
persistence was not statistically significantly different to second-line IFX (27.6 months versus
>38.6 months, P=0.30). Immunomodulator co-therapy was significantly associated with a
lower risk of non-persistence of first-line VED (HR: 0.55,95%Cl: 0.33-0.89, P=0.02) and IFX (HR:

0.63,95%Cl: 0.33-0.92, P=0.02).
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Conclusions: VED had a significantly longer persistence than IFX as first-line biological agent
but does not disadvantage second-line IFX use in moderate-to-severe UC. VED after IFX is
associated with significantly poorer persistence. VED, therefore, should be considered as the

first-line biological agent of choice in UC.

KEYWORDS

Infliximab, vedolizumab, ulcerative colitis, sequencing
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3.1 INTRODUCTION

Ulcerative colitis (UC) is an increasingly prevalent chronic inflammatory bowel disease (IBD)
with 15% of patients having an aggressive disease course.? The cumulative risk of relapse is
70%-80% at 10-years? and as such, many patients require maintenance treatment with an
advanced therapy.? Recent guidelines recommend the use of infliximab (IFX) or vedolizumab
(VED) as a first-line biological agent for patients with moderate-to-severe UC who are naive to
biological therapy.* However, 10-40% of patients have a primary non-response to IFX, whilst
23-46% of patients have a secondary loss of response to IFX at 12-months after induction.®
Furthermore, 35% of patients lose response to VED at 12-months.® Therefore, many patients
will switch to a second-line biological agent. VED may be less effective in those who have failed
prior anti-tumour necrosis factor-alpha (anti-TNFa) therapy including IFX.”2 The effectiveness
of second-line IFX after failure of VED, however, is less well-known. The optimal sequencing
of these agents as first- and second-line agents is a key knowledge gap that requires

addressing to reduce disease burden.®

Treatment persistence measures continuing medication prescription based on ongoing
therapeutic efficacy in the absence of significant adverse effects.l® Persistence reflects
willingness by patient and their physician to continue a medication in the absence of
therapeutic failure or a better treatment alternative.!! Importantly, it reflects real-world
practice that allows for treatment optimisation including dose-adjustment, addition of
temporary induction treatments and other strategies. The rate of failure and duration of
persistence for various drugs are different, and provides important comparative efficacy data

given the paucity of head-to-head trials of advanced therapies in UC.1%12
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Persistence data, in some respects, may be even more informative than head-to-head trials.
Population-based persistence data are cost-efficient and might include sufficient statistical
power to identify clear clinical differences through long-term follow-up. Persistence data may
be similar to clinical drug trials in that both have strict inclusion and exclusion eligibility
criteria, collect data prospectively, include data on prior- or ongoing use of conventional and
biological agents, and are multi-centre and generalizable. The Persistence in Australian
National IBD Cohort (PANIC) is a large real-world national population-based registry with 8219
patient-years of follow-up, in which biological agents were fully funded without stipulated
hierarchical prescribing order.® Hence this database allows for an objective comparison of

persistence between biological agents.

The primary aim of this population-based prospective study was to compare the persistence
of IFX and VED as first- and second-line therapies, including second-line IFX following VED
failure versus first-line IFX use. Factors affecting the persistence of these biological agents

were examined.

3.2 METHODS

3.2.1 Study population

Consecutive adult subjects (aged >18 years) prescribed IFX or VED for the treatment of
moderate-severe UC were included. The diagnosis of moderate-severe UC had to be definite
using the Copenhagen diagnostic criteria'* and we excluded biological agents prescribed to

treat acute severe UC, Crohn’s disease or rheumatological/dermatological indications.
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3.2.2 Study design and data source

The Persistence Australian National IBD Cohort (PANIC) study used prospective script data
collected from the Australian Pharmaceutical Benefits Scheme (PBS) database from December
2014 to September 2019. This included immunomodulator (azathioprine, mercaptopurine or
methotrexate) and biological agent use and dates of prescription. Immunomodulator co-
therapy was defined as the use of an immunomodulator during the same time period of a
biological agent prescription. The PBS subsidises treatment with biological agents under the
National Health Act 1953. Patients with UC and a partial Mayo score of 26 are provided
biological agents at no cost if they fail to achieve adequate treatment response following a 3-
month course of mesalazine and either 3-months of thiopurine (or shorter due to toxicity) or
at least a 6-week course of a corticosteroid.* Following induction therapy, demonstration of
response to PBS subsidised treatment must be conducted 6-monthly in order to continuing
maintenance treatment. The PBS does not enforce hierarchical prescribing order so there is
no need to prescribe anti-TNFa agents or biosimilars prior to VED. Script data was linked to
the patients’ unique Medicare number. Data was analysed using a 10% random sample, which
is a standardised accepted strategy'®. PBS data were acquired and collated by an independent
provider (Model Solutions, Australia) and validated through a second provider to ensure

robustness of data. All analyses, however, were performed by the researchers.

3.2.3 Study definitions

Persistence was defined as the duration of time from initiation to discontinuation of biological
therapy for moderate-to-severe UC.!! Non-persistence was defined as discontinuation of that
agent, and represented objectively as a switch in- or out-of biological class or complete

cessation. Persistence rate was the proportion of patients who continued on a biological agent
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at a particular time point. Immunomodulator co-therapy was defined as the concurrent use

of a thiopurine or methotrexate during the period of biological agent use.

3.2.4 Sample size calculation

Sample size calculation was based on results from a retrospective real-world study that found
a persistence rate of 78% for VED patients and 64% for IFX patients with IBD at 24-months.®
Assuming a two-sided alpha of 0.05 and a power of 80%, a total of 249 IFX and 166 VED
patients would be required at a ratio of 3 IFX patients to every 2 VED patients. The 3:2 ratio of

IFX:VED was based on PBS biological agent prescription use for UC in Australia.’

3.2.5 Study outcomes, propensity score matching and statistical analysis

Baseline characteristics of continuous variables were described as medians with interquartile
ranges (IQR). Categorical variables were described as percentages. Outcomes comparing the
persistence of first-line and second-line IFX and VED were analysed using unadjusted Kaplan-
Meier survival curves and statistically significant differences in persistence were identified
using the log-rank test. Cox proportional hazard regression was used to identify factors
affecting persistence, adjusting for covariates and described as hazard ratios (HR) and 95%
confidence intervals (Cl). Secondary outcomes included comparing the persistence rates
between each biological agent at 12-, 24-, 36- and 48 months using Chi-square testing. We
also analysed the persistence of first-line IFX and VED stratified by immunomodulator co-
therapy using unadjusted Kaplan-Meier survival curves and log-rank testing. Propensity score
matching was also performed in first-line therapy comparisons to control for age and gender
as possible confounders of medication persistence. Using the propensity scores, first-line VED

patients were matched with first-line IFX patients using a 1:1 matching algorithm, with a
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proximity caliper of 0.1. A P value of <0.05 was considered statistically significant. Bonferroni
correction was applied in the setting of multiple comparisons during analysis of persistence
rates. Statistical analysis was performed using IBM SPSS software version 27.0 (SPSS Inc.,

Chicago, lll., USA).

3.2.6 Ethics approval
The study was approved by the Services Australia External Request Evaluation Ethics
Committee with approval number RMS1531. The reporting of this study conforms to the

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.*®

3.3 RESuLTS

3.3.1 Study population and baseline characteristics

In total, 420 patients were prescribed either IFX (251 patients) or VED (169 patients) as a first-
line biological agent for moderate-severe UC, equating to 774 person-years of follow-up.
Males comprised 54.2% (136/251) of the IFX group and 49.7% (84/169) of the VED group
(P=0.38). The median age of the VED group (44.0 years, IQR: 33.0-56.0) was older than the IFX
group (37.0 years, IQR: 28.0-54.0, P=0.003). The baseline characteristics of the study

population are shown in Table 3.1.
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Table 3.1. Baseline characteristics of moderate-severe UC patients using first-line and second

line infliximab or vedolizumab

Biological agent Infliximab Vedolizumab P-value
n=251 n=169

Male, n (%) 136 (54.2%) 84 (49.7%) 0.38

Median age, years (IQR) 37.0(28.0-54.0) 44.0 (33.0-56.0) 0.003

Immunomodulator 160 (63.7%) 80 (47.3%) 0.001

co-therapy, n (%)

Thiopurine, n (%) 145 (57.8%) 75 (44.4%) 0.01
Methotrexate, n (%) 21 (8.4%) 7 (4.1%) 0.09
Time on combination 17.3(5.1-27.6) 13.3(3.6-17.5) 0.03

therapy between biological
agent and
immunomodulator, months

(IQR)

n, number; IQR, interquartile range.

Figure 3.1 illustrates the PBS prescription of IFX and VED as first-line and second-line biological
agents. From the 251 patients who used IFX as a first-line biological agent, 53 used VED as a
second-line biological agent (IFX-=>VED group). From the 169 patients who used VED as a first-
line biological agent, 22 used IFX as a second-line biological agent (VED—2>IFX group). The
baseline characteristics of the IFX>VED and VED—>IFX groups are shown in Table 3.2. The

median ages of the IFX>VED and VED—>IFX groups were 38.0 years (IQR: 28.5-55.0) and 41.5
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years (IQR: 29.5-58.8) respectively (P=0.30). 67.9% (36/53) of the IFX->VED group were
treated with immunomodulator co-therapy during first-line biological agent use, compared
with 36.4% (8/22) of the VED—2>IFX group (P=0.01). 52.8% (28/53) of the IFX->VED group were
treated with immunomodulator co-therapy during second-line biological agent use, compared

with 50.0% (11/22) of the VED=>IFX group (P=0.82).

Figure 3.1. Flow diagram of infliximab and vedolizumab choice in moderate-severe UC from

PBS

Patients prescribed a biological agent
for moderate-severe UC using PBS
n=2823

Patients prescribed
infliximab for
moderate-severe UC
n=323

Patients prescribed
first-line infliximab for
moderate-severe UC
n=251

Immunomodulator co-therapy

Patients prescribed
vedolizumab for
moderate-severe UC
n =266

A4

160/251 80/169

Patients prescribed
first-line infliximab for
moderate-severe UC
and then used
vedolizumab as
second-line biological
agent
n=53

(64.7%) (47.3%)

Immunomodulator co-therapy

Patients prescribed
first-line vedolizumab
for moderate-severe UC
n=169

A

28/53 11/22

A

(52.8%) (50.0%)

Patients prescribed
first-line vedolizumab
for moderate-severe UC
and then used
infliximab as second-
line biological agent
n=22
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Table 3.2. Baseline characteristics of moderate-severe UC patients using second-line

vedolizumab or infliximab (IFX->VED and VED—>IFX groups respectively)

Biological agent IFX->VED VED->IFX P-value
n=>53 n=22

Male, n (%) 32 (60.4%) 14 (63.6%) 0.79
Median age, years (IQR) 38.0(28.5-55.0) | 41.5(29.5-58.8) 0.30
First-line immunomodulator 36 (67.9%) 8 (36.4%) 0.01
co-therapy

Second-line immunomodulator 28 (52.8%) 11 (50.0%) 0.82
co-therapy

IFX, infliximab; VED, vedolizumab; n, number; IQR, interquartile range.

3.3.2 Persistence of infliximab and vedolizumab as first-line biological agents in moderate-
severe ulcerative colitis

VED had a significantly longer persistence than IFX when used as a first-line biological agent
in moderate-severe UC (>50.2 months versus 27.6 months [95%Cl: 18.7-36.6], P=0.004)
(Figure 2). VED use was associated with a 43% lower risk of non-persistence than IFX (HR: 0.57,
95%Cl: 0.41-0.80, P=0.001) (Table 3.3). Persistence rates and their 95% Cls at 12-, 24-, 36- and
48-months are reported in Figure 3.2. Imnmunomodulator co-therapy use was higher in the IFX
group (63.7%, 160/251) than the VED group (47.3%, 80/169; P=0.001), and was associated
with a 44% lower risk of non-persistence of first-line biological therapy (HR: 0.56, 95%Cl: 0.42-

0.77, P<0.001).
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Figure 3.2. Kaplan-Meier curve for persistence of first-line infliximab and vedolizumab in

moderate-severe UC
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Persistence time (months)
Persistence Percentage (95%Cl) (%) Median survival
12 months 24 months 36 months 48 months time in months (95% Cl)
- 66.1 52.5 45.1 35.3 27.6 (18.7-36.6)
Infliximab
(60.0-72.1) (46.3-58.7) (38.9-51.3) (29.4-41.2)
. 78.6 66.4 60.7 54.3 >50.2*
Vedolizumab
(72.3-84.8)  (59.3-73.5) (53.3-68.1) (46.8-61.8)
P-value® 0.01% 0.01* 0.001* <0.001%

Cl, confidence interval

*The median survival or its confidence interval cannot be exactly calculated
is higher than 50%.

*Based on Bonferroni correction, statistical significance defined as P<0.0125
*Statistically significant values

when event rate
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Table 3.3. Predictors of medication non-persistence

First-line biological therapy of vedolizumab and infliximab

Second-line biological therapy of infliximab (VED—> IFX group) and vedolizumab

(IFX->VED) group

HR (95% ClI) P-value
Female versus male gender 1.03 (0.76 — 1.39) 0.84
Age 1.00 (0.99 —1.01) 0.67
VED versus IFX 0.57 (0.41 - 0.80) 0.001
Immunomodulator co-therapy 0.56 (0.42 -0.77) <0.001

Vedolizumab use as a first-line or

second-line biological therapy

Female versus male gender 0.61 (0.25-1.49) 0.28
Age 0.98 (0.96 - 1.01) 0.34
VED versus IFX 1.66 (0.63 —4.40) 0.31
Immunomodulator co-therapy 0.66 (0.30-1.47) 0.31

Infliximab use as a first-line or second-line biological therapy

Female versus male gender 0.85 (0.52 -1.39) 0.51
Age 1.00 (0.98 —1.01) 0.59
First-line VED vs second-line VED 0.56 (0.34 - 0.92) 0.02
Immunomodulator co-therapy 0.55 (0.33 - 0.89) 0.02

Female versus male gender 0.86 (0.59 — 1.25) 0.43
Age 1.00 (0.99 - 1.01) 0.90
First-line IFX vs second-line IFX 1.49 (0.61-3.67) 0.39
Immunomodulator co-therapy 0.63 (0.44 - 0.92) 0.02

IFX, infliximab; VED, vedolizumab; HR, hazard ratio; Cl, confidence interval
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Using propensity score matching, 169 IFX patients were matched with 169 VED patients using

age and gender as covariates. VED had a significant longer persistence than IFX as a first-line

biological agent (>50.2 months versus 22.2 months, P=0.001) (Figure 3.3).

Figure 3.3. Kaplan-Meier curve for persistence of first-line infliximab and vedolizumab in

moderate-severe UC using propensity score matching
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Cl, confidence interval
*The median survival or its confidence interval cannot be exactly calculated when event rate

is higher than 50%.

"Based on Bonferroni correction, statistical significance defined as P<0.0125
*Statistically significant values
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3.3.3 Persistence of infliximab and vedolizumab as second-line biological agents in

moderate-severe ulcerative colitis

There was no difference between the persistence of second-line IFX in the VED—>IFX group

versus second-line VED use in the IFX>VED group (>38.6 months versus 32.0 months, P=0.37,

Figure 3.4). However there were numerically higher persistence rates with second-line IFX in

the VED—2>IFX group compared with second-line VED in the IFX->VED group at 12- and 24-

months (Figure 3.4). No significant predictors of non-persistence were identified (Table 3.3).

Figure 3.4. Kaplan-Meier curve for persistence of second-line infliximab and vedolizumab in

VED - IFX and IFX = VED groups respectively
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IFX, infliximab; VED, vedolizumab; Cl, confidence interval; n/a, not applicable

*The median survival or its confidence interval cannot be exactly calculated when event rate

is higher than 50%.
AUnable to compute confidence interval when event rate is higher than 45%
*Based on Bonferroni correction, statistical significance defined as P<0.017
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3.3.4 Persistence comparison between first-line vedolizumab and second-line vedolizumab

First-line VED use had a significantly longer persistence than when used as a second-line
biological agent (>50.2 months versus 32.0 months, P=0.03, Figure 3.5). First-line VED use was
associated with a 44% lower risk of non-persistence compared with second-line VED use (HR:
0.56, 95%Cl: 0.34-0.92, P=0.02). Persistence rates at 12-, 24-, and 36-months between first-
line VED and second-line VED are shown in Figure 3.5. Immunomodulator co-therapy occurred
in 47.3% (80/169) of the first-line VED group versus 52.8% (28/53, P=0.49) of the second-line
VED group, and was associated with a 45% lower risk of non-persistence of VED therapy (HR:

0.55, 95%Cl: 0.33-0.89, P=0.02).

Figure 3.5. Kaplan-Meier curve for persistence of first-line vedolizumab compared with

second-line vedolizumab in moderate-severe UC
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*Based on Bonferroni correction, statistical significance defined as P<0.017
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3.3.5 Persistence comparison between first-line infliximab and second-line infliximab

There was no significant difference between first-line IFX and second-line IFX persistence (27.6
months [95%Cl: 18.7-36.6] versus >38.6 months, P=0.30, Figure 3.6). The use of IFX as a first-
versus second-line agent did not significantly predict for non-persistence (HR: 1.49, 95%ClI
0.61-3.67, P=0.39). Immunomodulator co-therapy occurred in 64.7% (160/251) of the first-
line IFX group versus 50.0% (11/22, P=0.20) of the second-line IFX group, and was associated

with a 37% lower risk of non-persistence of IFX therapy (HR: 0.63, 95%Cl: 0.44-0.92, P=0.02).

Figure 3.6. Kaplan-Meier curve for persistence of first-line infliximab compared with

second-line infliximab in moderate-severe UC
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3.3.6 Persistence of infliximab and vedolizumab stratified by immunomodulator use

First-line IFX and first-line VED had a significantly longer persistence when used in combination
with an immunomodulator compared with monotherapy (36.0 months [95%Cl: 22.4-49.8]
versus 17.9 months [95%Cl: 8.8-26.9], P=0.003 for IFX group; > 50.2 months versus 40.8
months [95%Cl: 10.3-71.3], P=0.02 for VED group, Figure 3.7 and Figure 3.8). There was no
significant difference in persistence between second-line IFX (P=0.95) and VED (P=0.30) when

stratified by immunomodulator co-therapy (Figure 3.9 and Figure 3.10).

Figure 3.7. Kaplan-Meier curve for persistence of first-line infliximab stratified by

immunomodulator co-therapy in moderate-severe UC
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Figure 3.8. Kaplan-Meier curve for persistence of first-line vedolizumab stratified by

immunomodulator co-therapy in moderate-severe UC
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Figure 3.9. Kaplan-Meier curve for persistence of second-line infliximab stratified by

immunomodulator co-therapy in moderate-severe UC
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Figure 3.10. Kaplan-Meier curve for persistence of second-line vedolizumab stratified by

immunomodulator co-therapy in moderate-severe UC
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3.4 DISCUSSION

In this large population-based prospective registry providing 774 patient-years of real-world
follow-up, the persistence of VED was significantly longer than IFX as a first-line biological
agent in moderate-to-severe UC. Persistence of second-line IFX after VED-exposure was not
significantly impaired when compared against second-line VED after IFX-exposure. First-line
VED persistence had significantly longer persistence than second-line VED. There was no
significant difference in persistence between first-line IFX and second-line IFX. These data
support the use of VED as first-line biological treatment in moderate-to-severe UC given the
longer persistence when used first-line and the decline in persistence when used second-line.
Conversely IFX persistence when used as a second-line agent after switch from VED was not

impaired.

There is a lack of data on the long-term effectiveness of biological agents in UC, and
persistence data provides an indirect approach for assessing the long-term therapeutic benefit
and safety of therapies.!® The VARSITY study recently demonstrated that VED was superior to
adalimumab in achieving clinical remission and endoscopic improvement, however, there are
no direct comparisons between IFX and VED.!? In the absence of head-to-head comparisons
between IFX and VED, real-world persistence data acts as a surrogate marker for treatment
efficacy, safety and acceptability by patients and physicians.’® Our results demonstrate
significantly greater persistence of first-line VED over first-line IFX in both short term (12-
months) and the longer term (24-, 36- and 48-months) (Figure 3.2). The results from this PANIC
study are supported by a retrospective study which also demonstrated that VED had higher
persistence rates than IFX in biological-naive IBD patients.'® The addition of propensity score

matching was relevant due to the significant increased age of VED subjects compared to IFX
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in the PANIC registry. We previously demonstrated the increasing age of IBD subjects in
developed countries! and for age to be a significant determinant in the deciding a biological
agent in IBD.?° Therefore, propensity score matching was performed to reduce the selection

bias associated with older age and the risk of adverse effects.?!

Consistent with other studies’®, we found VED had significantly longer persistence when used
as a first-line agent versus second-line use following IFX failure. To our knowledge, however,
there are no data comparing second-line biological agents in IFX->VED with VED2>IFX
sequences. There is a need to explore the correct positioning of biological agents, as less than
half of all UC patients continue their first-line biological agent after 1 year.?® The persistence
of second-line IFX (after VED-exposure) of 65.5% (95%Cl: 59.6-71.4%) compared against
second-line VED of 46.2% (95%Cl: 38.7-53.7%) at 36 months (P=0.15, Figure 3.3) suggests a
trend of IFX being a better second-line agent than VED. There have been no studies that
evaluated persistence up to 3-years previously with others limited to only 6-months of follow-
up.?223 The persistence of IFX was not dissimilar when used first-line or second-line following

VED.

Second-line IFX use was not reduced following first-line VED, as supported by the EVOLVE
study which also found that anti-TNF effectiveness may not be compromised by prior VED
exposure.?* However, our study found that VED persistence reduced following IFX therapy.”
A possible explanation is a pharmacokinetic impact of prior IFX exposure on VED trough levels,
with one study noting lower VED trough levels at week 6 compared with biological-naive
patients (22.5 vs. 36.0 pg/ml, P=0.03).2> Previous research has also demonstrated that

MAdCAM-1 is downregulated by TNFa blockade, so prior IFX-exposed patients may need
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higher doses of vedolizumab to bind a higher target burden.?® These detectable biological
changes, therefore, support VED to be considered as a first-line biological agent in moderate-
severe UC, followed by IFX as a second-line agent. However further comparative studies are

required.

Immunomodulator use improved the persistence of first-line IFX and first-line VED.
Immunomodulator co-therapy is known to reduce immunogenicity and improve the
persistence and effectiveness of IFX.1> However, the benefit of combination immunotherapy
with VED is less clear. This is the first study to demonstrate the increased persistence of first-
line VED when combined with immunomodulators through the use of prospectively collected
data for immunomodulators in our PANIC registry. We found larger differences in persistence
rates between combination VED and immunomodulator co-therapy versus VED monotherapy
after 12-months of VED use, suggesting a greater benefit with long-term follow-up. Other
studies suggest a lack of advantage of combination therapy versus monotherapy but were
limited to 6-12-months of data and may not have verified ongoing immunomodulator use.?’
The smaller sample size of the EVOLVE study (22 patients in the combination group) identified
numerically higher persistence in the combination group at 18- and 24-months but might be
underpowered to demonstrate statistical significance.? It is possible that newer monoclonal
antibodies, although less immunogenic than older anti-TNFa agents, are still complex
glycoproteins that may result in the eventual development of antibodies. Additive anti-
inflammatory effects of immunomodulators with VED are also possible. A prospective study

primarily focusing on the benefits of combination therapy with VED is recommended.
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This study has limitations. Firstly, this study was not a randomised controlled trial controlling
for patient characteristics and disease severity. However, there is no proposed randomised
controlled trial of IFX versus VED currently planned, and it would not be possible to include a
sufficient sample size and follow-up duration to be able to follow-up those that require
switching to a second-line treatment. Real-world evidence with sufficient patient-years of
follow-up may address these data gaps. Secondly, the clinical, biochemical and endoscopic
outcomes are not known. Although patients with acute severe UC were excluded, it is possible
that patients were prescribed IFX as they had a more severe phenotype, hence biasing the
results. However, as only experienced gastroenterologists prescribe these agents in Australia,
it is expected that relevant clinical information would be incorporated into any decision to
continue or discontinue treatment. The population-based database also means data are not
limited to specialised centres so that data can be generalized. Thirdly, data on therapeutic
drug monitoring and corticosteroid use are unknown. However, current conventional practice
allows for treatment escalation of IFX and VED to be provided under compassionate access at
no cost to the hospitals or subjects so it is likely that dose optimisation is performed prior to
treatment switching. Whereas clinical trials might deem such dose escalations as treatment
failure on intention-to-treat, persistence data allow these subjects to be included and provides
a more realistic comparison of treatment efficacy. Ideally, correcting for clinical characteristics
beyond age in propensity score matching might further reduce bias in comparing subjects on
VED versus IFX. However, age was the most important factor identified previously*® and
subjected to propensity score matching. Also, there was a relatively small number of patients
in the second-line groups which may impact on the results. However there is limited available
data on second-line use (particularly IFX) so our results will be beneficial. Finally, only a

randomly selected ten percent of the population database could be used for analysis due to
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national ethical criteria for data accessibility. However, this was a random sampling without
selection bias and similar publications were deemed robust given the large patient-years of

follow-up.?®

Strengths include the use of a large, national, population-based study where biological agents
are prescribed without a hierarchical prescribing order and are fully reimbursed indefinitely.
All subjects had verified Mayo scores of 26 which indicates consistency of disease severity. All
data were collected prospectively with clinical remission being an absolute requirement for
ongoing treatment. Whether treatment escalation was performed or concurrent
immunomodulator was used was decided between the clinician and patients consistent with
real-world practice. Further, individual switches to other biological agents and
immunomodulator co-therapy are prospectively recorded and long-term follow-up data
beyond 4-years is an advantage over clinical trials that have relatively short durations of
follow-up. The population-based data also means the results are more generalizable. In the
absence of large head-to-head studies with long-term follow-up, population-based

persistence data can effectively compare the efficacy of IFX versus VED.

3.5 CoONCLUSION

In summary, the PANIC cohort with real-world dataset of non-hierarchical prescribing of
biological agents supports the use of VED over IFX as a first-line biological agent in moderate-
severe UC. Following failure of VED, there is no impact on IFX persistence when used second-

line. Immunomodulator treatment significantly increases the persistence of VED, but further
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prospective data are required to confirm this observation. Our findings will assist in the

positioning of biological therapies in moderate-severe UC.
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Chapter 4

Knowledge of histological
assessments in ulcerative colitis

This chapter is a reproduction of the published manuscript “Knowledge and attitudes towards
the use of histological assessments in ulcerative colitis by gastroenterologist vs pathologists”

by Pudipeddi et al.

Journal reference:
e Pudipeddi A, Fung C, Christensen B, Bryant RV, Subramaniam K, Chetwood J,
Paramsothy S, Leong R. Knowledge and attitudes towards the use of histological
assessments in ulcerative colitis by gastroenterologist vs pathologists. World J
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ABSTRACT

Background: Histological remission is increasingly accepted as a treatment endpoint in the
management of ulcerative colitis (UC). However, the knowledge of histology guidelines and
the attitudes towards their use in clinical practice by gastroenterologists and pathologists is
unknown.

Aim: To evaluate the knowledge of histology guidelines and attitudes towards the use of
histology in UC by gastroenterologists and pathologists.

Methods: A prospective, cross-sectional nationwide survey of gastroenterologists and
pathologists who analyse UC specimens was conducted. The survey consisted of 34 questions
to assess gastroenterologists’ and pathologists’ knowledge (score out of 19) and attitudes
towards histological assessment in UC. Survey questions were formulated using the European
Crohn’s and Colitis position paper on histopathology and the British Society of
Gastroenterology biopsy reporting guidelines. It included knowledge of histological
assessment of disease activity and dysplasia, knowledge of histological scoring systems for
ulcerative colitis, uptake of histology scoring systems in routine practice, attitudes towards the
role of histological activity, and the use of histological activity in clinical scenarios.

Results: Of 89 responders (77 gastroenterologists, 12 pathologists), there was almost
universal acceptance that histological assessment should form part of UC evaluation [95%
gastroenterologists, 92% pathologists]. However, gastroenterologists reported that 92% of
their pathologists do not use a histological scoring system. Utilisation of a formal histological
scoring system was preferred by 77% of gastroenterologists and 58% of pathologists. Both
groups lacked awareness of the Geboes Score, Nancy Index and Robarts Histopathological
Index scoring systems with 91%, 87%, and 92% of gastroenterologists respectively; and 83%,

83%, and 92% pathologists respectively, being uncertain of scoring systems’ remission
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definitions. Histology knowledge score was not significantly different between
gastroenterologists and pathologists [9/19 (IQR:8-11) versus 8/19 (IQR:7-10), P=0.54]. Higher
knowledge scores were predicted by hospital attending gastroenterologists (P=0.004),
participation in inflammatory bowel disease (IBD) multidisciplinary teams (P=0.009), and self-
declared IBD sub-specialist (P=0.03).

Conclusions: Histological remission is a recognised target for both gastroenterologists and
pathologists. Despite this, knowledge of histological scoring systems and their utilisation is

poor.

Keywords:

Histology, ulcerative colitis, survey

Core Tip

This manuscript describes, for the first time, the knowledge and attitudes of
gastroenterologists and pathologists towards the use of histology in clinical practice. Given
then increasing literature and use of histology in trials, there is a need to understand the
current perceptions of using histology in the real-world. Using a novel IBD Knowledge score,
we demonstrate that although histology is an accepted endpoint, knowledge is poor,
particularly relating to histological scoring systems. As such, these results illustrate a pressing
need and opportunity to improve knowledge around histology scores amongst
gastroenterologists and pathologists and develop consensus agreements on a reporting

approach.
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4.1 INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory disease characterised by a relapsing and
remitting course.! Disease activity is typically evaluated using clinical, biochemical and
endoscopic assessments. Treatment goals have evolved over time, and current consensus
guidelines from the Selecting Therapeutic Targets in Inflammatory Bowel Disease initiative
(STRIDE-II) recommend achieving clinical and endoscopic remission.? However, up to 40% of
patients who achieve these therapeutic endpoints may have persistent histological

inflammatory activity.3*

Despite endoscopic normalization, ongoing active histological activity may be associated with
poorer clinical outcomes including higher clinical relapse rates, corticosteroid requirement,
hospitalization, colectomy and development of colorectal neoplasia.>” Although histological
remission is currently not a formal treatment target by consensus expert-opinion, STRIDE-II
guidelines do recommend that formal histological assessment take place to determine the
depth of remission and help prognosticate patient outcomes. Further, it is increasingly
incorporated into clinical drug trials, with central reading to reduce bias, to provide objective
scoring of inflammatory activity.? Standardized histological scoring systems with varying levels
of validity have been developed to quantify the degree of microscopic inflammatory activity
and provide a more accurate assessment of mucosal inflammation.®1? The three most
commonly used are the Geboes score, Nancy index and Robarts histopathology index due to

evidence of their content validity and reliability in evaluating histological features.!3

Although accepted in modern clinical drug trials and research settings, histological disease

activity and scoring systems have not been incorporated in routine clinical practice. It is not
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known whether gastroenterologists understand these scoring systems or if they welcome
their incorporation into routine clinical care. Achieving consensus in a formal reporting scoring
system will require agreement by pathologists, but their knowledge of these scoring systems
and willingness to use them is also unknown. Many pathologists use written descriptions of
UC activity in their reports. Whether this translates to a numerical value, if they favour a
particular scoring system, or their attitude towards synaptic reporting of histological activity,
is not known. This cross-sectional survey study evaluated gastroenterologist and pathologist
knowledge of histological findings and scoring systems, together with their attitudes towards
the role of histology in UC management. We hypothesised that based on their dedicated
training, knowledge of histological scoring systems would be significantly higher in

pathologists than gastroenterologists.

4.2 METHODS

4.2.1 Study cohort

This was a prospective cross-sectional survey of Australian gastroenterologists and
pathologists from July 2021 to January 2022. Gastroenterologists were contacted by proxy
through the Gastroenterological Society of Australia, and pathologists who review UC

specimens were contacted by their associated gastroenterologists to participate in the survey.

4.2.2 Survey questionnaire and Inflammatory Bowel Disease histology knowledge score
A survey was developed to explore the knowledge and attitudes towards the use of histology
in IBD for both gastroenterologists and pathologists. The European Crohn’s and Colitis

Organisation (ECCO) position paper on histopathology and the British Society of
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Gastroenterology (BSG) biopsy reporting guidelines were utilised to formulate questions and
quantify knowledge.'**> The structured survey was designed by a focus group of three
gastroenterologists and comprised of 34 questions. It included knowledge of histological
assessment of disease activity and dysplasia, knowledge of histological scoring systems for
ulcerative colitis, uptake of histology scoring systems in routine practice, attitudes towards the
role of histological activity, and the use of histological activity in clinical scenarios
(Supplementary data). Questionnaire language and ambiguity were evaluated by the focus
group. A novel IBD Histology Knowledge Score was created that was derived from the survey
as a tool to measure overall performance and tested for construct validity and discriminant
ability (Supplementary data). The IBD Histology Knowledge Score was calculated as the sum
of correct responses to survey questions that aligned with the ECCO position paper on
histopathology and the BSG reporting guidelines on IBD biopsies.'*> The maximum possible
score was nineteen. For construct validity, a high-performance score had to represent a good
understanding of histological findings. During the development phase, the survey was
administered to senior gastroenterologists and pathologists not directly involved in designing
the study, and they were deemed as criterion standards. The survey was then administered
to gastroenterology fellows, junior resident medical officers and non-medical staff. Senior staff
scored significantly higher (P=0.001) than junior doctors, establishing content validity.
Discriminant validity compared the knowledge scores of those who followed published

guidelines versus those who did not.

4.2.3 Statistical analysis

The IBD Histology Knowledge Score was analysed as a non-parametric continuous variable,

described as medians with interquartile ranges and compared using Mann-Whitney U-test
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and Kruskal-Wallis test. Parametric continuous variables were described as means and
compared using the t-test and ANOVA test. Predictors of the IBD histology knowledge score
were determined using linear regression with backward elimination regression modelling. A
P-value of <0.05 was deemed statistically significant. Statistical analyses were performed with

SPSS version 27 (SPSS Inc, Chicago, Ill).

4.2.4 Ethics approval
The study was approved by the Sydney Local Health District Human Research Ethics

Committee (HREC CH62/6/2021-055).

4.3 RESULTS

4.3.1 Study cohort

A total of 89 responses were obtained, comprising 77 gastroenterologists and 12 pathologists.
The response rate for gastroenterologists was 25% (n=77/310). Subspecialty breakdown of
gastroenterologists is shown in Figure 4.1. Gastroenterologists listed their predominant work
as 31% public hospital staff specialists, 30% private practice, 21% trainee gastroenterologists,
17% visiting medical officers and 1% research-based gastroenterologist. Ninety-four percent
of respondents saw >2 IBD patients each week and 30% saw >10 patients each week. Forty-
five percent of gastroenterologists were involved in a regular IBD multidisciplinary team. Full

study cohort characteristics are shown in Table 4.1.
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Figure 4.1. Subspeciality characteristics of gastroenterologists

m General gastroenterologist, n=32

® Inflammatory bowel disease
subspecialist, n=22
= Interventional endoscopist, n=5

Hepatologist, n=4

m Gastroenterology trainee, n=14

Table 4.1. Demographics and study cohort characteristics

Gastroenterologists

[n=77] [n=12]

Pathologists

Age [n (%)]
< 30 years 4 (5.2%) 0 (0.0%)
30 — 40 years 30 (39.0%) 1(8.3%)
41 - 50 years 15 (19.5%) 4 (33.3%)
51— 60 years 19 (24.7%) 4 (33.3%)
> 60 years 9 (11.7%) 3 (25.0%)
Location [n (%)]
New South Wales 46 (59.7%) 8 (66.7%)
Victoria 11 (14.3%) 2 (16.7%)
Queensland 11 (14.3%) 2 (16.7%)
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Western Australia
Australian Capital Territory

Highest level of education [n (%)]

Bachelor of medicine/Bachelor of surgery

Masters

PhD

What is your predominant practice? [n (%)]

Staff specialist

University academic work
Visiting medical officer
Private practice

In training program

How many IBD patients do you see each

week? [n (%)]

>10

Involved in regular IBD multidisciplinary

meeting? [n (%)]
Yes

No

8 (10.4%)

1(1.3%)

51 (66.2%)
10 (13.0%)

16 (20.8%)

24 (31.2%)
1(1.3%)
13 (16.9%)
23 (29.9%)

16 (20.8%)

5(6.5%)
31 (40.3%)
18 (23.4%)

23 (29.9%)

35 (45.5%)

42 (54.5%)

0 (0.0%)

0 (0.0%)

11 (91.7%)
0 (0.0%)

1(8.3%)

10 (83.3%)
0 (0.0%)
0 (0.0%)
2 (16.7%)

0 (0.0%)

N/A
N/A
N/A

N/A

6 (50.0%)

6 (50.0%)

n, number; PhD, Doctor of Philosophy; IBD, inflammatory bowel disease; N/A, not applicable
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Of the 12 surveyed pathologists, 83% worked in tertiary teaching hospitals and 17% were
solely in private practice. Half of all pathologists were involved in regular IBD multidisciplinary

meetings. Full study cohort characteristics are shown in Table 4.1.

4.3.2 Attitudes towards histology and scoring systems in ulcerative colitis

Histological activity was considered to have an ‘emerging’ or ‘established’ role in UC by 40%
and 55% of gastroenterologists respectively. Proportions for pathologists were 33% and 58%
respectively. Histological remission was considered more important to achieve than
endoscopic remission by 65% of gastroenterologists (‘somewhat agree’ and ‘agree’) (Table

4.2).

Table 4.2. Attitudes towards histology and histological scoring systems

Gastroenterologists Pathologists

[n=77] [n=12]

The role of histological activity in IBD is:

Not established 3 (3.9%) 1(8.3%)
Preliminary 1(1.3%) 0 (0.0%)
Emerging 31 (40.3%) 4 (33.3%)
Established 42 (54.5%) 7 (58.3%)

Histological remission is more important to

achieve than endoscopic remission

Disagree 4 (5.2%) N/A
Somewhat disagree 13 (16.9%) N/A
Neither agree nor disagree 10 (13.0%) N/A
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Somewhat agree 36 (46.8%) N/A
Agree 14 (18.2%) N/A

What histological scoring system does your

pathologist routinely or frequently use in their

reports?
Geboes 2 (2.6%) 0 (0.0%)
Nancy index 3 (3.9%) 1(8.3%)
RHI 1(1.3%) 0 (0.0%)
They do not routinely use a scoring system 71 (92.2%) 10 (83.3%)
Other IBD-DCA score (n=1)

| would like to use a histological scoring

system for my IBD patients

Never 8 (10.4%) 4 (33.3%)
Rarely 10 (13.0%) 1(8.3%)
Occasionally 14 (18.2%) 1(8.3%)
Sometimes 23 (29.9%) 3 (25.0%)
Always 22 (28.6%) 3 (25.0%)

Which scoring systems have undergone the

most validation?

Modified Riley score 1(1.3%) 1 (8.3%)
Geboes score 13 (16.9%) 3 (25.0%)
Nancy index 20 (26.0%) 5(41.7%)
RHI 9 (11.7%) 3 (25.0%)
Truelove and Richards score 5(6.5%) 0 (0.0%)
Not sure 49 (63.6%) 7 (58.3%)
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What Geboes score is considered histological

remission?
<1.1 2 (2.6%) 1(8.3%)
<21 7 (9.1%) 2 (16.7%)
<3.1 4 (5.2%) 0 (0.0%)
<4.1 1(1.3%) 0 (0.0%)
Not sure 63 (81.8%) 9 (75.0%)

What Nancy index is considered histological

remission?
0 10 (13.0%) 2 (16.7%)
<1 4 (5.2%) 3 (25.0%)
<2 0 (0.0%) 0 (0.0%)
<3 0 (0.0%) 0 (0.0%)
Not sure 63 (81.8%) 7 (58.3%)

What Robarts histopathology index is

considered histological remission?

<2 4 (5.2%) 1(8.3%)
<3 6 (7.8%) 1(8.3%)
<4 0 (0.0%) 0 (0.0%)
<5 0 (0.0%) 1(8.3%)
Not sure 67 (87.0%) 9 (75.0%)

n, number; RHI, Robarts histopathology index; IBD, inflammatory bowel disease; N/A, not

applicable
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The proportion of gastroenterologists who want to use a histological scoring system at least
‘sometimes’ or ‘always’ was 59%, and 50% for pathologists. Gastroenterologists reported that
92% of their pathologists do not routinely use a histological scoring system, whilst 83%
pathologists report not routinely using a scoring system. More than half of gastroenterologists
(64%) and pathologists (58%) did not know which scoring systems had undergone the most

validation (Table 4.2).

For the Geboes score, 91% of gastroenterologists and 83% of pathologists did not know the
defined histological remission score of ‘< 2.1.'® For the Nancy index, 87% of
gastroenterologists and 83% of pathologists did not know the defined histological remission
score of ‘0’1 For the Robarts histopathology index (RHI), 92% of gastroenterologists and
pathologists did not know the defined histological remission score of ‘< 3’ (Table 4.2 and Figure

4.2).Y7

114



Chapter 4

Knowledge of histology in ulcerative colitis

Figure 4.2. Knowledge of histological remission definitions for scoring systems by

gastroenterologists and pathologists
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Impact of histological activity on treatment decisions in clinical scenarios

The impact of histological disease activity on gastroenterologists’ decisions to escalate
treatment or de-escalate in particular scenarios is summarised in Table 4.3. In the setting of
clinical and endoscopic remission, but histological activity alone, 10% of gastroenterologists
would escalate therapy (‘often’ or ‘always’). When combined with an elevated faecal
calprotectin, 30% of gastroenterologists would escalate treatment. A greater proportion of
gastroenterologists would de-escalate treatment if two consecutive colonoscopies showed
endoscopic and histological remission, compared with a single episode of endoscopic and
histological remission (53% versus 19% respectively). A greater proportion of
gastroenterologists would aim for histological remission if a patient with UC had other risk

factors for colon cancer (71%).
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Table 4.3. Impact of histological disease activity on treatment management in clinical scenarios

Scenario Never Not often Sometimes Often

[n (%)] [n (%)] [n (%)] [n (%)]

1. If a patient is in clinical and 14 (18.2%) 35 (45.5%) 20 (26.0%) 5 (6.5%) 3 (3.9%)
endoscopic remission, but has
histological activity, then | will

escalate medical therapy

2. If a patient is in clinical and 4 (5.2%) 18 (23.4%) @ 31(40.3%) @ 19 (24.7%) 5(6.5%)
endoscopic remission, but has an
elevated faecal calprotectin
(>100ug/g) and histological
activity, then | will escalate

medical therapy

3. If a patient is in clinical, 7(9.1%) 19 (24.7%) 36 (46.8%) 15 (19.5%) 0 (0.0%)
endoscopic  and  histological
remission, (but prior colonoscopy
showed Mayo 1 endoscopic
disease), then | will de-escalate

medical therapy

4. If a patient is in clinical remission, | 2 (2.6%) 2 (2.6%) 31(40.3%) @ 38(49.4%) 4 (5.2%)
with their last 2 colonoscopies
showing endoscopic and
histological remission, then | will

de-escalate medical therapy

5. If a patient with ulcerative colitis 0 (0.0%) 7 (9.1%) 14 (18.2%) 27 (35.1%) 29 (37.7%)
has other risk factors for colon
cancer, then | will aim to achieve
histological remission

n, number; ug/g, micrograms/gram
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4.3.4 IBD histology knowledge score

Gastroenterologists and pathologists had similar IBD histology knowledge scores [8.0 (IQR:
6.5-10.0) versus 9.0 (IQR: 7.8-11.0), P=0.54] (Table 4.4). Within gastroenterologists, IBD sub-
specialists had higher knowledge scores compared with other gastroenterologists [10.5 (IQR:
7.3-14) versus 9.0 (IQR: 7.8-10.0), P=0.02] (Figure 4.3a). Public hospital staff specialists had
higher knowledge scores than visiting medical officers [11.0 (IQR: 9.0-13.0) versus 8.0 (IQR:
8.0-9.0), P=0.003] and those in private practice [11.0 (IQR: 9.0-13.0) versus 8.0 (IQR: 6.3-9.8),
P=0.002] (Figure 4.3b). Gastroenterologists with a PhD had higher knowledge scores than
those whose highest level of education was a bachelor degree [11.0 (IQR: 7.0-14.0) versus 9.0
(IQR: 8.0-10.0), P=0.01] (Figure 4.3c). Involvement in an IBD multidisciplinary team was
associated with a higher knowledge score [9.5 (IQR: 8.0-11.0) versus 8.0 (IQR: 6.0-10.0),

P=0.002] (Figure 4.3d).
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Figure 4.3. Comparisons of IBD histology knowledge score for gastroenterologists based on a)

subspecialty type, b) predominant practice, c) highest education level, and d) involvement in

IBD multidisciplinary team
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IBD histology knowledge score

Yes, in IBD MDT No, not in IBD MDT

Gastroenterologists Pathologists
[n=77] [n=12]
IBD Histology Knowledge Score 9.0(7.8-11.0) 8.0 (6.5-10.0)
[median (IQR)]
Type of subspecialist
General gastroenterologist 8.0(7.0-9.0) N/A
IBD subspecialist 10.5(7.3-14) N/A
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Interventional endoscopist 9.0(4.5-9.8) N/A

Hepatologist 10.5(8.5-11) N/A

Gastroenterology trainee 8.5(6.0-10.0) N/A
Predominant practice

Staff specialist 11.0(9.0-13.0) N/A

Visiting medical officer 8.0(8.0-9.0) N/A

Private practice 8.0(6.3-9.8) N/A

In training program 8.5(6.0-10.0) N/A
Highest level of education

Bachelor degree 9.0 (8.0-10.0) N/A

Masters 8.0(7.0-11.0) N/A

PhD 11.0 (7.0 - 14.0) N/A
Involved in regular IBD 35 (45.5%) 6 (50.0%)
multidisciplinary meeting?

Yes 9.5 (8.0—11.0) N/A

No 8.0 (6.0-10.0) N/A

n, number; IQR, interquartile range; N/A, not applicable; IBD, inflammatory bowel disease;

PhD, Doctor of Philosophy

On univariate analysis, subspecialty type (p=0.005), predominant practice (p=0.004),
involvement in an IBD multidisciplinary team (p=0.002) and a higher level of education
(p=0.02) were all significantly associated with higher IBD histology knowledge scores (Table

5). On multivariate analysis, subspecialty type (p=0.03), predominant practice (p=0.005) and
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involvement in an IBD multidisciplinary team (p=0.009) remained significant predictors for

higher IBD histology knowledge scores (Table 4.5).

Table 4.5. Significant predictors of IBD histology knowledge score for gastroenterologists on

univariate and multivariate analyses

Univariate analysis P-value Multivariate analysis P-
value
Type of subspecialty 0.005 0.03
Predominant practice 0.004 0.005
Involvement in IBD MDT 0.002 0.009
Highest level of education 0.02

IBD, inflammatory bowel disease; MDT, multidisciplinary team

4.4 DISCUSSION

Therapeutic goals in UC have evolved from achieving clinical response to attaining objective
targets of resolution of inflammation beyond symptoms such as biochemical and endoscopic
remission. However, histological remission outside of the research setting has yet to be
adopted by gastroenterologists and pathologists. Our study revealed firstly that histological
activity is a recognised treatment goal for gastroenterologists who wish to use histology
results in combination with other endpoints to guide management decisions. Secondly and
conversely, despite this awareness and use of histology, there is a poor knowledge of
histological scoring systems in UC not only by gastroenterologists, but by pathologists as well.

As such there is an opportunity to develop consensus guidelines incorporating
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gastroenterologists and pathologists that are adopted by the respective societies to further

this evolving field.

Our study showed 95% of gastroenterologists believe histological activity plays a role in the
management of UC, with 76% wanting to use a histological scoring system in clinical practice.
Further evidence on the role of UC histological activity scores are required as only a small
proportion of gastroenterologists currently make treatment decisions based solely on
histological activity. In UC patients with clinical and endoscopic remission but ongoing
histological disease activity, 10% of gastroenterologists would escalate medical therapy.
However, when histological activity coincides with elevated faecal calprotectin, 30% were
prepared to escalate treatment. These decisions match the current STRIDE-II guidelines given
that histological activity is not currently an accepted target, but shows that gastroenterologists
are prepared to include this endpoint as a treatment target.? Histological remission becomes
even more important if a patient with UC had other risk factors for colon cancer, with 72%
prepared to escalate treatment, given that histological activity increases the risk of colorectal
neoplasia (odds ratio 3.0, 95% Cl: 1.4-6.3).°> Therefore, when UC subjects have greater colonic
disease extent, more prolonged duration of UC, presence of primary sclerosing cholangitis, or
presence of a family history of colorectal cancer, gastroenterologists might escalate treatment

in the presence of histological disease activity irrespective of symptoms.

Despite the awareness of the importance of histology in UC, our survey demonstrated a lack
of knowledge of histological scoring systems by gastroenterologists. Clinical trials have used
Nancy index, RHI and the Geboes score but recent European Crohn’s and Colitis Organisation

(ECCO) guidelines recommended the use of the Nancy index and RHI for randomised clinical
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trials, and the Nancy index for clinical practice given its ease of use.!* Gastroenterologists did
not know which scoring systems had undergone the most validation, or were unaware of the
histological remission scores for the Geboes score (91%), Nancy index (87%) and RHI (92%).
Despite the increasing interest and evolving role of histological scoring systems in UC, there is
an opportunity to educate gastroenterologists about these scoring systems and how to apply
them in clinical practice. Predictors for higher knowledge included employment as a public
hospital staff specialist and involvement in an IBD multidisciplinary team. As such, it is likely
working in public hospitals within an IBD team would lead to increased exposure to the
understanding of common histological scoring systems in UC. Conversely, gastroenterologists
working in private practice would have less exposure to these scoring systems and their utility

in UC management, contributing to lower knowledge scores.

Few studies have evaluated pathologists’ views on histological activity, but most believe that
they have a role in evaluating UC. However, pathologists’ knowledge of UC histology was
comparable to gastroenterologists (median knowledge score 8.0 [IQR: 6.5-10.0] versus 9.0
[IQR: 7.8-11.0] P=0.54). Similar to gastroenterologists, they also lacked knowledge of
histological scoring systems and their remission definitions. There is an opportunity, therefore,
to improve the utilisation of histological activity scoring for both pathologists and
gastroenterologists. A harmonised approach to histological assessment in UC is lacking.'®
Future directions should include the development of histology consensus guidelines in
consultation with pathologists to ensure homogeneity in reporting across hospitals to permit

comparability of mucosal biopsies across different sites.
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This study has several limitations. First, responder bias may have played a role, whereby
responders having greater knowledge were more likely to take part on the survey. However,
this would indicate a greater unawareness of histological activity scoring in the assessment of
UC and a greater need for education and a harmonized approach towards the adoption of a
scoring system. Secondly, a smaller respondent number for pathologists was surveyed.
However, we demonstrated statistically that pathologists did not differ in their knowledge of
histological scoring systems in UC despite expertise in reading biopsy histology. Thirdly, the
results may lack worldwide generalisability given the survey was sent to Australian health

professionals.

Strengths of this study included: (1) being the first to report gastroenterologists’ knowledge
and attitudes towards the use of histology in UC; (2) recruitment of pathologists to compare
their awareness against gastroenterologists, and (3) to target respondents nationwide to

demonstrate generalisability.

4.5 CONCLUSION

The study highlights that while there is an acknowledgment of the importance of histological
assessment in UC, there is a lack of knowledge of histological scoring systems. It indicates
areas of educational need in the field of UC histology, and the importance of including
pathologists in developing future consensus guidelines on the use of histology in clinical

practice.
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4.7 SUPPLEMENTARY DATA

4.7.1 Survey questions
Participant demographics

1. Age (years):

a. <30
b. 30-40
c. 41-50
d. 51-60
e. >60

2. In which state/territory is your primary practice?

New South Wales

Victoria

Queensland

South Australia

Western Australia
Tasmania

Northern Territory
Australian Capital Territory

O O O 0O O O O O

3. For gastroenterologists, how would you best describe yourself? (may select more
than one option)

General gastroenterologist

Interventional endoscopist

Hepatologist

Inflammatory bowel disease sub-specialist
Gastroenterology trainee or fellow

Other:

O O O O O O

4. What is your predominant practice?

Staff specialist

University academic work

Visiting Medical Officer

Private Practice

Non-clinical

Training

Other, please describe in the space below

O O O O O o0 ¢
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5. What is the highest level of education that you have completed?

o MBBS/MD
o Masters
o PhD or equivalent

6. How many IBD patients do you see weekly?

0-1
2-5
6-10
>10

O O O O

7. Areyou involved in a regular multidisciplinary IBD meeting?
o Yes
o No

Knowledge and attitudes of histological scoring systems in UC

8. The role of histological activity in IBD is:

Not established  Preliminary Emerging Established

@) @) @) @)

9. Histologic remission is more important to achieve than endoscopic remission:

. Somewhat Neither agree nor
Disagree . . Somewhat agree Agree
disagree disagree
o o o o o

10. Which of the following histological scores have undergone the most validation? (you
may pick more than one)

Modified Riley score

Geboes score

Nancy index

Robarts histopathology index
Truelove and Richards index
Not sure

e
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11. Which score does your pathologist routinely or frequently use in their official
reports?

Modified Riley score

Geboes score

Nancy index

Robarts histopathology index

Truelove and Richards Index

They do not routinely use a scoring system

NN NNRN

12. What Geboes score is considered histological remission?

[] <10
[] <20
[] <3.0
[] <40

D Not sure

13. What Nancy index score is considered histological remission?

[]
[]
[]

D Not sure

w N = O

14. What Robarts histopathology index score is considered remission?

[] <2
[] <3
[] <4
[] <5

D Not sure
15. I would like to use a histological scoring system for my UC patients:

Never Rarely  Occasionally Sometimes Always

@) O @) @) @)
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Please answer each of the following statements about treatment decision making based on
histological disease activity status.

Not .
Never Sometimes  Often  Always
often
If a patient is in clinical and endoscopic remission, but has
0 0 0 0 0

histological activity, then | will escalate medical therapy

If a patient is in clinical and endoscopic remission, but has
an elevated faecal calprotectin (> 100 ug/g) and o) o) o) o o
histological activity, then | will escalate therapy

If a patient is in clinical, endoscopic and histological
remission (but prior colonoscopy showed Mayo 1 o o o o] o]
endoscopic disease), then | will de-escalate therapy

If a patient is in clinical remission, with their last two
colonoscopies showing endoscopic and histological o) o o o] o]
remission, then | will de-escalate therapy

If a patient with ulcerative colitis has other risk factors for
colon cancer, then | will aim to achieve histological 0 o o 0 0
remission

Please answer each of the following statements about histological disease activity.

Neither
Somewhat Somewhat
. agree nor Agree  Unsure
disagree

Disagree aeree
disagree 8

Neutrophils are normally not present |:| |:| |:| |:| |:| |:|

within the lamina propria or epithelium

Eosinophils alone can be used as a

marker of histological activity in |:| |:| |:| |:| |:| |:|

ulcerative colitis

Paneth cell metaplasia may not be
abnormal in the proximal colon but is a
sign of disease activity in the distal
colon

[]
[]
[]
[]
[]
[]

Chronic inflammatory cells are most
dense in the upper third of the mucosa
compared with the lower third,
resulting in a ‘plasma cell gradient’

Crypt architectural changes are
associated with histological activity

C-reactive protein levels have been
found to correlate with histological
activity

Lower levels of faecal calprotectin have
been found to correlate with
histological remission

OO op o
OO op o
OO op o
OO op o
OO op o
OO op o
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Histological remission predicts a lower
risk of colectomy

A higher score for histological activity
predicts a higher likelihood of neoplasia

Endoscopic inflammation is a better
predictor of neoplasia risk than
histological activity

Histological chronic inflammation is not
a significant risk factor for neoplasia

Serrated epithelial changes may be
associated with a higher risk of
developing dysplasia in IBD patients

OOy o (g

OOy o (g

OOy o (g

OOy o (g

OOy o (g

OOy o (g

Older age at diagnosis of low-grade
dysplasia (age > 55 years) is a risk factor
for progression to high-grade dysplasia
in IBD

[]

[]

[]

[]

[]

[]

High-grade dysplastic features include
more prominent nucleoli and ‘ovoid-
shaped’ nuclei
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4.7.2 Calculating the IBD histology knowledge score

Questions relevant to calculating the knowledge
score

Appropriate responses

Score

Which of the following histological scoring systems
have undergone the most validation?

Nancy index, Robarts
histopathology index

2 (1 for each)

What Geboes score is considered histological <21 1
remission?
What Nancy index score is considered histological 0 1
remission?
What Robarts histopathology index score is <3 1

considered histological remission?

Neutrophils are normally not present within the
lamina propria or epithelium

Agree, strongly agree

1 for either option

Eosinophils alone can be used as a marker of
histological activity in ulcerative colitis

Disagree, strongly
disagree

1 for either option

Paneth cell metaplasia may not be abnormal in the
proximal colon but is a sign of disease activity in the
distal colon

Agree, strongly agree

1 for either option

Chronic inflammatory cells are most dense in the
upper third of the mucosa compared with the lower
third, resulting in a ‘plasma cell gradient’

Agree, strongly agree

1 for either option

Crypt architectural changes are associated with
histological activity

Agree, strongly agree

1 for either option

C-reactive protein levels have been found to
correlate with histological activity

Disagree, strongly
disagree

1 for either option

Lower levels of faecal calprotectin have been found
to correlate with histological remission

Agree, strongly agree

1 for either option

Histological remission predicts a lower risk of
colectomy

Agree, strongly agree

1 for either option

A higher score for histological activity predicts a
higher likelihood of neoplasia

Agree, strongly agree

1 for either option

Endoscopic inflammation is a better predictor of
neoplasia risk than histological activity

Disagree, strongly
disagree

1 for either option

Histological chronic inflammation is not a
significant risk factor for neoplasia

Disagree, strongly
disagree

1 for either option

Serrated epithelial changes may be associated with
a higher risk of developing dysplasia in IBD patients

Agree, strongly agree

1 for either option

Older age at diagnosis of low-grade dysplasia (age >
55 years) is a risk factor for progression to high-
grade dysplasia in IBD

Agree, strongly agree

1 for either option

High-grade dysplastic features include more
prominent nucleoli and ‘ovoid-shaped’ nuclei

Agree, strongly agree

1 for either option
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Chapter 5

De-escalation of thiopurine therapy
in vedolizumab-treated patients
with ulcerative colitis

This chapter is a reproduction of the manuscript “Withdrawal versus continuation of
thiopurine in vedolizumab-treated patients with ulcerative colitis (VIEWS): a multi-centre

randomised controlled trial” by Pudipeddi et al, submitted for publication.
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Withdrawal versus continuation of thiopurine in vedolizumab-treated patients with

ulcerative colitis (VIEWS): a multi-centre randomised controlled trial
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ABSTRACT

Background and aims: The benefit of continuing thiopurine with vedolizumab versus
vedolizumab monotherapy for patients with ulcerative colitis (UC) is unclear. We aimed to
determine the effect of thiopurine withdrawal for patients with UC in remission on
vedolizumab.

Methods: This multi-centre randomized controlled trial recruited UC patients on vedolizumab
300mg IV every 8 weeks and a thiopurine. Patients in steroid-free clinical remission for 26
months and endoscopic remission/improvement (Mayo endoscopic subscore[MES]<1) were
randomized 2:1 to withdraw or continue thiopurine. Primary outcome was comparing week
48 vedolizumab trough concentrations. Secondary outcomes were clinical relapse (partial
Mayo score>3 and fecal calprotectin>150ug/g or increase in MES>1 from baseline), fecal
calprotectin remission (<150ug/g), C-reactive protein remission (<5mg/L), centrally-read
endoscopic remission (MES=0), histologic remission (Nancy index=0), histo-endoscopic
remission and adverse events.

Results: In total, 62 patients were randomized to withdraw (n=42) or continue (n=20)
thiopurine. At week 48, vedolizumab trough concentrations were not significantly different
between continue and withdrawal groups (14.7ug/mL [IQR:12.3-18.5ug/mL] versus
15.9ug/mL [IQR:10.1-22.7ug/mL] respectively, P=0.36). The continue group had significantly
higher fecal calprotectin remission (95.0% [19/20] versus 71.4% [30/42], A23.6% [95%Cl:2.4%-
38.5%],P=0.03), histologic remission (80.0% [16/20] versus 48.6% [18/37], A31.4%
[95%Cl:5.0%-52.1%],P=0.02) and histo-endoscopic remission (75.0% [15/20] versus 32.4%
[12/37], A42.6% [95%Cl:15.6%-63.2%],P=0.002) than the withdrawal group. Histological
activity at baseline (HR:15.5 [95%Cl:1.6-146.5],P=0.02) and prior anti-TNF exposure (HR:6.5

[95%Cl:1.3-33.8],P=0.03) predicted clinical relapse after thiopurine withdrawal.
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Conclusion: Thiopurine withdrawal did not affect vedolizumab trough concentrations.
However, it was associated with increased fecal calprotectin, histologic and histo-endoscopic
activity. Histological activity and prior anti-TNF exposure predicted disease relapse upon

thiopurine withdrawal for patients using vedolizumab for UC.

This trial was registered with the Australian and New Zealand Trial Registry, number ACTRN

12618000812291.

Keywords: vedolizumab; thiopurine; combination; withdrawal
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5.1 INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory disease of the colon characterized by
immunologically-driven progressive intestinal damage.! A therapeutic ceiling is recognized
with current advanced therapies, so therefore, newer treatment strategies are needed to
maximize treatment effectiveness.? Tumour necrosis factor alpha (TNFa) inhibitor monoclonal
antibodies are prone towards immunogenicity, which might result in loss of response.? To
optimize their effectiveness, combining anti-TNFo agents with thiopurine immunomodulators
has been shown to increase drug concentrations, reduce immunogenicity, and improve clinical
and endoscopic remission rates in inflammatory bowel diseases.*>® However, the benefit of
thiopurine therapy with vedolizumab is less clear. Vedolizumab is manufactured using the
phage display technique of humanized IgG1 antibody structure which is less prone towards
anti-vedolizumab antibody development.” Despite this, however, neutralising anti-
vedolizumab antibodies have been identified in clinical trials at a rate of up to 6%.2 Although
overall treatment persistence is high in UC, up to 39% of patients lose response to

vedolizumab after 1 yearindicating a need to further optimize this drug.>1°

Most studies to date have not identified an incremental benefit of thiopurine co-therapy with
vedolizumab.!? Limitations of these studies, however, include retrospective study designs
which have been unclear as to whether thiopurines were discontinued during treatment
maintenance!>'3'*  short durations of follow-up of less than six months'>!¢, and
heterogeneity in definitions of clinical benefit in systematic analyses.''” Real-world data
demonstrated thiopurine co-therapy with vedolizumab may lower the risk of treatment failure
compared with vedolizumab monotherapy.!® However, selection bias is possible over use- and

non-use of thiopurines, and other real-world cohort data did not identify such benefit.’

139



Chapter 5 The VIEWS study

Furthermore, there is a lack of prospective controlled data examining the impact of
thiopurines on serum vedolizumab trough concentrations, and the safety signal of thiopurine
when combined with vedolizumab in UC. It is also relevant to compare study arms using the
more stringent endpoints of histological remission and histo-endoscopic remission which are
increasingly important in UC.?® The Vedolizumab Immunomodulator Enforced Withdrawal
Study (VIEWS) aimed to assess the impact of withdrawing thiopurine therapy in vedolizumab-

treated patients with UC in remission on combination therapy.

5.2 MATERIALS AND METHODS

5.2.1 Study design and participants

This multi-centre, randomized, single-blind trial of withdrawing or continuing thiopurine
therapy in vedolizumab-treated patients with UC was conducted at nine hospitals in Australia.
Patients aged > 18 years with a diagnosis of UC on vedolizumab 300mg intravenously every 8
weeks and a thiopurine (azathioprine, mercaptopurine or tioguanine) for more than 6 months
were assessed for eligibility. Dosing for azathioprine and mercaptopurine was 2-2.5mg/kg/day
and 1-1.5mg/kg/day respectively, or a 6-thioguanine nucleotide (6-TGN) metabolite level
>235 pmol/8 x 108 erythrocytes, or the maximally tolerated dose. Tioguanine dosing was
20mg daily or the maximally tolerated dose. In Australia, UC patients are required to have
failed at least 3 months of an immunomodulator prior to initiation of vedolizumab.
Resultantly, most patients are on combination therapy with a thiopurine at the time of

vedolizumab initiation.
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Eligible patients were in corticosteroid-free clinical remission (partial Mayo score <2 with no
sub-score >1) for at least 6 months and endoscopic remission/improvement (Mayo
endoscopic score of 0 or 1). Concomitant use of oral mesalazine was permitted and patients
were required to continue a stable dose during the trial period (see Table 5.1 for full inclusion
criteria). Patients were excluded if they had indeterminate colitis or Crohn’s disease, had used
oral or rectal steroids in the six months prior to screening, had a prior ostomy or ileoanal
pouch, or had used another biological agent or oral small molecule agent in the six months

prior to screening (see Table 5.2 for full exclusion criteria).

Table 5.1. Inclusion criteria

Patients must meet all the following inclusion criteria at enrolment to be eligible to

participate

1. Age> 18 years

2. Ulcerative colitis

3. Steroid-free clinical remission for at least 6 months

4. Treated with a combination of vedolizumab and a thiopurine for at least the preceding
6 months

5. Scheduled administration of vedolizumab 300mg every 8 weeks during the preceding
6 months

6. Appropriate and stable dose of thiopurine for the preceding 3 months

7. Appropriate dose of thiopurine is defined as:

a) Azathioprine: maintenance dose of 2-2.5mg/kg/day OR 6TGN level > 235 pmol/8 x 10%
erythrocytes OR the maximally tolerated dose

b) Mercaptopurine: maintenance dose of 1-1.5mg/kg/day OR 6TGN level > 235 pmol/8 x
108 erythrocytes OR the maximally tolerated dose

8. Mayo endoscopic score 0 or 1 at baseline in the 12 weeks preceding randomisation

9. Contraceptive use during the whole study for childbearing female patients

10. Provide written informed consent to participate as shown by a signature on the
consent form
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Table 5.3. Exclusion criteria

Patients must not meet any of the following exclusion criteria at enrolment to be eligible

to participate

1. Consent not obtained or unable to give informed consent

Unable to communicate with the investigators and comply with the study requirements
Females who are pregnant or actively trying to fall pregnant

Patients unwilling to practice an effective method of contraception throughout the
study period

Patients with an ostomy or ileoanal pouch

Patients who had used steroid therapy in the last 6 months prior to screening

A diagnosis of Crohn’s disease or indeterminate colitis

Other biologic use (not vedolizumab), Janus kinase (JAK) inhibitor use or other trial
therapies in the last 6 months prior to screening

PN

© N o w

This investigator-initiated study was approved by the Concord Repatriation General Hospital
Human Research Ethics Committee (HREC/17/CRGH/22). Written informed consent was
obtained from all patients before screening. This trial is registered with the Australian and

New Zealand Trial Registry, number ACTRN 12618000812291.

5.2.2 Randomisation

Patients were randomised centrally in a 1:2 ratio to either continue thiopurine use (‘continue’
group) or withdraw thiopurine (‘withdrawal’ group), using a computer-generated
randomization list. Study investigators who were involved in patients’ clinical assessments
were blinded to the arm to which patients were randomized. Endoscopic images and histology
slides were both read centrally by two expert gastroenterologists (SP, CH) and a

histopathologist (CF) respectively, who were blinded to the treatment allocation.
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5.2.3 Procedures
Blood tests and a flexible sigmoidoscopy with standardized biopsies were performed at
screening. For sites unable to perform a sigmoidoscopy due to the COVID-19 pandemic, a fecal

calprotectin of less than 100 ug/g was used as a surrogate marker for endoscopic remission.?°

Scheduled study visits occurred at weeks 0, 8, 16, 24, 32, 40 and 48 to assess for symptomes,
adherence and adverse events (Figure 5.1). A partial Mayo score was calculated for stool
frequency, rectal bleeding and physician’s global assessment. Blood tests, including C-reactive
protein (CRP), were performed at each study visit. Vedolizumab trough concentrations, anti-
vedolizumab antibody concentrations and fecal calprotectin were performed at week 0, 24
and 48. Thiopurine metabolite levels were performed at weeks 0, 24 and 48 to objectively
assess for adherence to patients’ randomisation group. A study-completion sigmoidoscopy
with biopsies was performed at week 48 (depending on site endoscopy protocol during the
COVID-19 pandemic). If a clinical relapse was suspected, patients underwent a partial Mayo
score assessment, blood tests including CRP and vedolizumab trough and antibody
concentrations, stool testing including a fecal calprotectin, and a sigmoidoscopy with biopsies
(depending on site endoscopy protocol during the COVID-19 pandemic). Adverse events were
classified in accordance with the Common Terminology Criteria for Adverse Events (CTCAE),
version 5.0. An independent Data Safety Monitoring Board reviewed masked safety data and

approved study continuation in the absence of safety concerns of ongoing use of thiopurines.

143



Chapter 5 The VIEWS study

Figure 5.1. Trial design

Patients with ulcerative colitis treated with vedolizumab
300mg IV every 8 weeks and a thiopurine for > 6 months

- In steroid-free clinical remission for > 6 months

- In endoscopic remission/improvement (MES 0 or 1)*

Screening —»

Randomisation —»

; !

2/3 assigned to withdraw thiopurine: 1/3 assigned to withdraw thiopurine:
Vedolizumab 300mg IV every 8 weeks Vedolizumab 300mg IV every 8 weeks + thiopurine

' |

Assessments at week 8 and week 16
- Partial Mayo score with CRP

Assessments at week 24
- Partial Mayo score, CRP, thiopurine metabolites, vedolizumab level,
anti-vedolizumab antibodies, faecal calprotectin

\ 4
Assessments at week 32 and week 40

- Partial Mayo score with CRP
Assessments at week 48
- Partial Mayo score, CRP, thiopurine metabolites, vedolizumab level,
anti-vedolizumab antibodies, faecal calprotectin, sigmoidoscopy

*if unable to perform sigmoidoscopy due to COVID-19, then faecal calprotectin <100ug/g
was accepted
IV=intravenous. CRP=C-reactive protein.

Endoscopic disease activity was assessed at each sigmoidoscopy using the Mayo endoscopic
subscore. Protocolized 2-4 biopsies using standard forceps were taken at every colonoscopy /
sigmoidoscopy 20-30cm proximal to the anal verge and also at the most inflamed site, with
the most severely active area used to define histological activity and described using the

Nancy score.?!
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Vedolizumab trough concentrations were analyzed at QPS Holdings LLC (Newark, DE, USA)
core laboratory using an enzyme-linked immunosorbent assay and qualitative anti-
vedolizumab antibodies, including neutralizing antibodies, were analyzed using
electrochemiluminescence independent to drug concentrations. Fecal calprotectin levels
were analyzed at QML Pathology (Murarrie, Queensland, Australia) using the DiaSorin

Liaison® Calprotectin assay (DiaSorin, Saluggia, Italy).

5.2.4 Outcomes

The primary outcome was comparing the week 48 vedolizumab trough concentrations
between the continue and withdrawal groups. Secondary outcomes were: proportion of
patients who remained in clinical remission; proportion of patients who had a clinical relapse
up to week 48 (defined as a partial Mayo score >3 and fecal calprotectin >150 ug/g or 21-point
increase in the Mayo endoscopic subscore from baseline sigmoidoscopy); fecal calprotectin
remission (defined as less than 150 pug/g) and change in fecal calprotectin level; CRP remission
(defined as less than 5 mg/L) and change in CRP; endoscopic remission (defined as Mayo
endoscopic subscore of 0); histologic remission (defined as Nancy score of 0); combined histo-
endoscopic remission (defined as Mayo endoscopic subscore of 0 and Nancy score of 0); and
rates of adverse events. Histologic outcomes were added after the trial commenced due to its

recent increasing importance in UC clinical trials.?

5.2.5 Sample Size Calculation and Statistical Analysis
Based on available data on longer term vedolizumab trough concentrations at the time the
study was designed, our sample size calculation assumed a vedolizumab trough concentration

of 8.8 pug/mL in the continue group and 5.2 ug/mL in the withdrawal group.?? A total of 60
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subjects recruited at a ratio of 1:2 into the continue- versus withdrawal- arms are required to
demonstrate the difference in vedolizumab trough levels between groups with 80% power on
a two-sided alpha of 0.05 on an intention-to-treat analysis. A total of 66 subjects were
recruited to permit 10% subject drop-out rate. The modified intention-to-treat analysis
included all patients who reached week 24 of the study (first vedolizumab trough
concentration after baseline) or had a clinical relapse. Missing values were imputed with the

use of the last observation carried forward method for measurements made after baseline.

Parametric continuous variables were described as mean * standard deviation (SD) and
compared with the unpaired t-test. Non-parametric continuous variables were described as
median (interquartile range, IQR) and compared with the Mann-Whitney U test. Categorical
data was analyzed using the chi-square test (or Fisher’s exact test, where indicated). Kaplan-
Meier survival curves with log rank testing was used to compare disease relapse-free survival.
Univariable and multivariable survival analysis using Cox proportional-hazards regression was
performed to identify variables associated with disease relapse. All variables with P-values
<0.1 on univariate analysis were retained and integrated into the multivariable analysis. P-
values <0.05 were deemed to be statistically significant. Statistical analyses were completed

using IBM SPSS version 29.0 (SPSS Inc., Chicago, Ill., USA).
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5.3 RESULTS

Between Sept 2018, and Dec 2021, 74 patients were screened (Figure 5.2). Of these, 10
patients were excluded due to active disease (Mayo endoscopic subscore > 1) on
sigmoidoscopy (n=5), undetectable TGN level due to cessation of thiopurine (n=4) and a
clinical relapse prior to randomization (n=1). Hence, 64 patients were randomly assigned to
withdraw thiopurine therapy (n=43) or continue (n=21). Two patients withdrew from the
study. One patient in the withdrawal group moved overseas after week 8, and one patient in
the continue group had a change in their vedolizumab dosing schedule to every 10 weeks after
their week 0 visit. As such, 62 patients (withdrawal, n=42 and continue, n=20) were included
in the modified intention-to-treat analysis. Patient and disease characteristics were similar

between the two groups (Table 5.3).

Figure 5.2. Trial profile

74 patients screened

10 patients excluded
5 Mayo endoscopic subscore > 1
4 undetectable TGN level
1 disease flare before randomisation

Y

y

64 underwent randomisation

|
' l

43 assigned to withdrawal group 21 assigned to continue group

1 discontinued the study
- moved overseas

\ 4

1 discontinued the study
|| - vedolizumab dosing
changed to every 10 weeks

\4

42 included in final analysis

20 included in final analysis
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Table 5.3. Patient and disease characteristics at baseline.

Withdrawal group Continue group

(N=42) (N=20)

Patient characteristics

Male sex — no. (%) 21 (50.0%) 15 (75.0%)
Age — year 41.5 (26.8-60.3) 46.0 (27.3-53.0)
Smoking status — no. (%)

Current 2 (4.7%) 2 (10.0%)

Ex-smoker 9 (21.4%) 4 (20.0%)

Never smoked 31 (73.8%) 14 (70.0%)

Disease characteristics

Disease duration —yr 8.0 (3.0-13.0) 6.5 (4.0-11.8)
Disease extent — no. (%)

Proctitis 3(7.1%) 0 (0.0%)

Left-sided colitis 24 (57.1%) 14 (70.0%)

Pancolitis 15 (35.7%) 6 (30.0%)
Concomitant mesalazine — no. (%) 33 (78.5%) 16 (80.0%)
Prior anti-TNF exposure — no. (%) 12 (28.5%) 4 (20.0%)
C-reactive protein — mg/litre 1.2 (0.0-2.8) 0.8 (0.4-3.5)
Faecal calprotectin — pg/g 18.6 (7.3-54.7) 36.3 (7.8-97.2)
TGN level — pmol/8x10% 298.8 (187.1) 314.0(178.0)
Endoscopic activity — no. (%)t+

MES 0 28 (77.8%) 15 (83.3%)

MES 1 8 (22.2%) 3 (16.7%)

Data are n (%), median (IQR) or mean (SD). TNF=tumour necrosis factor.
TGN=thioguanine nucleotide. MES=Mayo endoscopic subscore.

tMayo endoscopic subscore (MES) ranges from O to 3 and is based on endoscopic
findings. The percentages described are based on the total number of patients who had
a screening sigmoidoscopy.

I Endoscopic images were read by two central readers, with blinded adjudication by a
third central reader when necessary

5.3.1 Primary outcome
At week 48, vedolizumab trough concentrations were 14.7ug/mL (IQR: 12.3-18.5ug/mL) in the
continue group versus 15.9ug/mL (IQR: 10.1-22.7ug/mL) in the withdrawal group (P=0.36;

Figure 5.3). No anti-vedolizumab antibodies were detected in either group. Change in

vedolizumab trough concentration from week O to week 48 was -0.2ug/mL (IQR: -1.7-
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2.5ug/mL) in the continue group versus -0.1ug/mL (IQR: -3.4-2.3pg/mL) in the withdrawal

group (P=0.44).

Figure 5.3. Vedolizumab trough concentration at week 48 in continue and withdrawal groups

P=0-36

40 -

20 A

15 - 147

15-9

10 A

Week 48 Vedolizumab trough
Concentration (ug/mL)

Continue Withdrawal

5.3.2 Secondary outcomes

By week 48, 90.0% (18/20) of patients in the continue group and 78.6% (33/42) of patients in
the withdrawal group were in clinical remission (difference 11.4%, 95%Cl: -9.9% - 28.0%,
P=0.27; odds ratio [OR] 2.5, 95%Cl: 0.5-12.7; Figure 5.4). Faecal calprotectin remission
occurred in 95.0% (19/20) of patients in the continue group and 71.4% (30/42) of patients in
the withdrawal group (difference 23.6%, 95%Cl: 2.4%-38.5%, P=0.03; OR: 7.6, 95%Cl: 1.0-62.5;
Figure 5.4). Week 48 mean faecal calprotectin level was 43.3ug/g (SD 52.7ug/g) in the
continue group and 204.0ug/g (SD 336.8ug/g) in the withdrawal group (difference 160.6 pg/g,
95% Cl 53.3 — 267.9ug/g, P=0.004; Figure 5.5). Mean change in faecal calprotectin was -
47.4ug/g (SD 111.6 ug/g) in the continue group and 137.1ug/g (SD 281.5 ug/g) in the

withdrawal group (difference 184.6ug/g, 95% Cl 83.6 — 285.5ug/g, P<0.001).

149



Proportion of patients (%)

100

Week 48 mean fecal calprotectin (ug/g )

Chapter 5

The VIEWS study

Figure 5.4. Secondary outcomes

] Continue

P=o0-27 P=o0-03
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Clinical remission Faecal calprotectin
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CRP remission

Endoscopic remission Histological remission  Histo-endoscopic

remission

Clinical relapse was defined as a partial Mayo score >3 and faecal calprotectin >150 pg/g or 21-point increase in
the Mayo endoscopic subscore from baseline sigmoidoscopy. Faecal calprotectin remission was defined as < 150
ug/g. CRP remission was defined as < 5mg/L. Endoscopic remission was defined as Mayo endoscopic subscore
of 0. Histological remission was defined as a Nancy index of 0. Histo-endoscopic remission was defined as a

combination of endoscopic and histological remission.

Nominal P-values described.

Figure 5.5. Mean faecal calprotectin (A) and C-reactive protein (B) at week 48 in continue and

withdrawal groups
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CRP remission occurred in 90.0% (18/20) patients in the continue group and 66.7% (28/42)
of patients in the withdrawal group (difference 23.3%, 95%Cl: 0.4%-40.5%, P=0.05; OR: 4.5,
95%Cl: 0.9-22.2; Figure 5.4). Week 48 mean CRP level was 1.9mg/L (SD 2.5mg/L) in the
continue group and 5.1mg/L (SD 8.5mg/L) in the withdrawal group (difference 3.2mg/L,
95%Cl: 0.3-6.0mg/L, P=0.03; Figure 5.5). Mean change in CRP level was 0.3mg/L (SD 1.1mg/L)
in the continue group and 2.5mg/L (SD 7.5mg/L) in the withdrawal group (difference 2.2mg/L,

95%Cl: -0.1 - 4.6mg/L, P=0.07).

Endoscopic remission was noted in 80.0% (16/20) patients in the continue group and 54.1%
(20/37) of patients in the withdrawal group (difference 25.9%, 95%Cl: -0.1% - 46.9%, P=0.05;
OR: 3.4, 95%Cl: 0.95-12.2; Figure 5.4). Histologic remission was noted in 80.0% (16/20) of
patients in the continue group and 48.6% (18/37) of patients in the withdrawal group
(difference 31.4%, 95%Cl: 5.0% - 52.1%, P=0.02; OR: 4.2, 95%Cl: 1.2-15.2; Figure 5.4). Histo-
endoscopic remission was noted in 75.% (15/20) of patients in the continue group and 32.4%
(12/37) of patients in the withdrawal group (difference 42.6%, 95%Cl: 15.6%-63.2%, P=0.002;

OR: 6.3, 95%Cl: 1.8-21.3; Figure 5.4).

Clinical relapses occurred in 10.0% (2/20) of patients in the continue group and 21.4% (9/42)
of patients in the withdrawal group by week 48 (difference 11.4%, 95%Cl: -9.9% - 28.0%; OR:
2.5, 95%Cl: 0.5-12.6, P=0.27; Figure 5.6). On multivariable analysis, histological activity at
baseline was associated with clinical relapse by week 48 (adjusted hazard ratio [aHR]: 7.6,
95%Cl: 1.4-42.5, P=0.02; Table 5.4). When examining the withdrawal group alone, clinical

relapse was associated with baseline histological activity (aHR: 15.5, 95%Cl: 1.6-146.5, P=0.02;
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Table 5.5 and Figure 5.7A) and prior anti-TNF exposure (aHR: 6.5, 95%Cl: 1.3-33.8, P=0.03;

Table 5.5 and Figure 5.7B).

Table 5.4. Univariable and multivariable Cox regression analysis for clinical relapse-free

survival in total population at week 48

Variables Univariate analysis Multivariate analysis

HR (95% Cl) P-value HR (95% Cl) P-value
Mean age, years 1.01 (0.98-1.04) 0.55
Sex
Male vs female 7.69 (0.98-60.14) 0.05 2.41 (0.26-22.85) 0.44
Smoking
Ex- vs never-smoker 1.63 (0.43-6.16) 0.47

Current- vs never-smoker 0.04 (0.00-2480.27) 0.58
Current- vs ex-smoker 0.03 (0.00-1559.83) 0.53
Extent of UC

Pancolitis vs left-sided colitis 0.66 (0.18-2.49) 0.54
Disease duration
>5 years vs <5 years =~ 5.33 (0.68-41.69) 0.11
Oral mesalazine use 0.68 (0.18-2.57) 0.57
Prior anti-TNF exposure 4.77 (1.45-15.65) 0.01 2.21(0.49-9.91) 0.30
Albumin level at week 0 1.04 (0.92-1.18) 0.50
TGN level at week 0 1.00 (0.99-1.00) 0.38
Vedolizumab trough 0.95 (0.86-1.05) 0.29

concentration week 0
Screening MES

MES 1 vs MES O 1.30(0.26-6.46) 0.75
Histological activity at baseline 12.22 (2.45-60.90) 0.002 7.58 (1.35-42.50) 0.02
Randomisation
Withdrawal vs continue = 2.27 (0.49-10.53) 0.29

The variables with univariate analysis P-value <0.1 were included in the multivariate analysis.
HR=hazard ratio. Cl=confidence interval. UC=ulcerative colitis. TNF=tumour necrosis factor.
TGN=thioguanine nucleotide. MES=Mayo endoscopic subscore.
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Table 5.5. Univariate and multivariate Cox regression analysis for clinical relapse-free survival

in the withdrawal group at week 48

Variables Univariate analysis Multivariate analysis

HR (95% ClI) P-value HR (95% Cl) P-value
Mean age, years 1.02 (0.99-1.06) 0.23
Sex
Male vs female 8.93 (1.12-71.59) 0.04 1.95 (0.20-19.27) 0.57
Smoking
Ex- vs non-smoker 2.51 (0.63-10.03) 0.20

Current- vs non-smoker  0.06 (0.00-92449.96) 0.68
Current- vs ex-smoker ~ 0.03 (0.00-3716.47) 0.57
Extent of UC

Pancolitis vs left-sided colitis 0.78 (0.19-3.10) 0.72
Disease duration
>5 years vs <5 years 4.18 (0.52-33.43) 0.18
Oral mesalazine use 0.50 (0.13-2.02) 0.33
Prior anti-TNF exposure 8.23 (2.05-33.16) 0.003 6.52 (1.26-33.78) 0.03
Albumin level at week 0 1.04 (0.92-1.17) 0.55
TGN level at week 0O 1.00 (0.99-1.00) 0.32
Vedolizumab trough 0.94 (0.85-1.04) 0.23

concentration week 0
Screening MES
MES 1 vs MES O 1.41 (0.28-7.42) 0.67
Histological activity at baseline | 19.55 (2.33-164.03) 0.006 15.51 (1.64-146.46) 0.02

The variables with univariate analysis P-value < 0.1 were included in the multivariate analysis.
HR=hazard ratio. Cl=confidence interval. UC=ulcerative colitis. TNF=tumour necrosis factor.
TGN=thioguanine nucleotide. MES=Mayo endoscopic subscore.
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Figure 5.6. Kaplan-Meier graph demonstrating clinical relapse-free survival in continue and

withdrawal groups at week 48
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Figure 5.7. Kaplan-Meier graph demonstrating clinical relapse-free survival between continue
and withdrawal groups stratified by (A) baseline histological activity, and (B) prior anti-TNF

exposure
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5.3.3 Adverse events

At least one adverse event occurred in 7 (35%) of 20 patients in the continue group and 5
(12%) of 42 patients in the withdrawal group (Table 5.6). Three (15%) patients in the continue
group had an upper respiratory tract infection, one (5%) patient had gastroenteritis, and one
(5%) patient had folliculitis. These were mild and did not require hospitalisation or
discontinuation of thiopurine. Two (5%) patients in the withdrawal group had nasopharyngitis
and blepharitis. There were no serious adverse events in either group. There were no cancers

or deaths in either group during the study.

Table 5.6. Adverse events

Withdrawal (n=42) Continue (n=20)

Total adverse events 5 12

Total patients with a severe adverse event 0 (0%) 0 (0%)

Total patients with adverse events: n, (%) 5(12%) 7 (35%)
Upper respiratory tract infection 1(2%) 3 (15%)
Abdominal pain 1(2%) 1 (5%)
Anaemia 0 (0%) 1 (5%)
Hypothyroidism 0 (0%) 1 (5%)
Acute kidney injury 0 (0%) 1 (5%)
Enterocolitis infectious 0 (0%) 1 (5%)
Arthritis 0 (0%) 2 (10%)
Folliculitis 0 (0%) 1 (5%)
Hypertension 0 (0%) 1 (5%)
Blepharitis 1(2%) 0 (0%)
Osteoporosis 1(2%) 0 (0%)
Peripheral sensory neuropathy 1(2%) 0 (0%)

Data are number of events or number of patients (%)
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5.4 DISCUSSION

This randomised controlled study found that withdrawing thiopurine therapy does not affect
vedolizumab trough concentrations for patients with UC. However, thiopurine withdrawal was
associated with higher faecal calprotectin levels, and higher degree of endoscopic and
histological activity, albeit in a smaller cohort. Overall, this study suggested that thiopurines
might provide an incremental benefit to patients with UC using vedolizumab, which was
independent of vedolizumab pharmacokinetics. Subjects with histological activity at baseline

and prior anti-TNF exposure were more likely to relapse following thiopurine withdrawal.

There are limited prospective data on the pharmacokinetic effects of thiopurine therapy on
vedolizumab trough concentrations. This is despite knowledge that loss of response to
infliximab may occur due to the development of immunogenicity, particularly in the setting of
infliximab monotherapy.>® Prior studies of thiopurine co-therapy with vedolizumab have been
limited by defining combination therapy as baseline thiopurine use at the initiation of
vedolizumab, as opposed to continued thiopurine use.” This has led to widespread use of
vedolizumab as monotherapy, which might have contributed to some eventual loss of
response demonstrated in real world cohorts.??3 In this randomised trial, we have shown that
vedolizumab trough concentrations are similar when thiopurines are continued or withdrawn.
Furthermore, no anti-vedolizumab antibodies were detected in either group, demonstrating
that unlike with infliximab, thiopurines are less likely to impact on immunogenicity rates. In
Australia, requirements are for UC patients to have failed at least 3 months of an
immunomodulator prior to vedolizumab initiation. Resultantly, UC patients are typically on

combination therapy initially and hence this study was designed as a withdrawal trial.
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Despite no pharmacokinetic effect on vedolizumab, we found that withdrawing thiopurine
therapy led to increased inflammatory biomarker levels, with higher faecal calprotectin levels,
as well as lower rates of endoscopic and histological remission. It should be noted that these
were secondary outcomes and can be considered exploratory in nature given the primary
outcome was not met. The benefit of thiopurines for patients with UC on vedolizumab has
been questioned in recent years. Previous studies have shown that combination therapy with
vedolizumab and thiopurines was not associated with superior clinical outcomes.!! However,
methodological flaws, heterogenous outcomes and shorter durations of treatment limit these
findings. When considering our pharmacokinetic and clinical findings, thiopurines may
provide an added immunosuppressive effect which is independent of vedolizumab
pharmacokinetics. This is supported by recent data demonstrating greater rates of clinical
remission and mucosal healing with combination therapy compared with monotherapy after
sixty weeks, despite similar vedolizumab trough concentrations in both groups.?* Also, in a
recent large multicentre retrospective study, immunomodulator use was associated with
clinical remission independent of vedolizumab concentration (OR: 2.8, 95%Cl: 1.3-5.7,
P=0.006).%> These findings contrast to anti-TNF agents, whereby the predominant benefit of
thiopurine co-therapy has been reduced immunogenicity and resultant improved clinical
outcomes.® Our study found a more than doubling of clinical relapse rates in the withdrawal
group (21.4% versus 10.0%), and although this was not significantly different, this study was
likely underpowered and the findings hypothesis generating. Also, longer term follow-up past
one year may be required to identify a significant clinical difference, as supported by recent

evidence.??
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Histological activity is an emerging endpoint in clinical trials.!® Despite endoscopic remission,
ongoing histological activity is associated with higher clinical relapse rates, hospitalisation and
colectomy.?®?” These data, however, have been mostly from retrospective cohorts without a
standardized biopsy protocol, defined clinical and histological assessment definitions and time
points, and other biases that might have accounted for their findings. We showed histological
activity at baseline was associated with clinical relapse in the total population (HR: 7.6, 95%Cl:
1.4-42.5, P=0.02), with the risk of relapse greatest in those withdrawing thiopurines based on

a prospectively conducted endoscopic biopsy protocol.

Prior anti-TNF exposure was identified as being associated with clinical relapse for patients
who withdrew thiopurine therapy on vedolizumab. Vedolizumab is more effective when used
as a first-line biological agent compared with second-line use following anti-TNF agents.928
These data may translate into caution against withdrawal of thiopurine immunomodulator in
UC subjects refractory to prior anti-TNF and with histologic activity despite being in clinical
and endoscopic remission. Our secondary findings suggest that patients with prior anti-TNF
exposure should continue thiopurines whilst on vedolizumab to prevent a clinical relapse.
Importantly, our study did show higher infections in the continue group. However these were
all mild and did not require hospitalisation or discontinuation of the thiopurine. Nonetheless,

safety considerations should be taken into account if continuing thiopurine therapy.

Our study has several strengths. This is the first prospective randomised controlled trial that
has specifically examined the impacts of thiopurine co-therapy with vedolizumab in UC, which
might reduce selection bias observed in use versus non-use of thiopurines in retrospective

observational studies. Thiopurine use was verified by 6-TGN levels to ensure subjects
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remained true to their randomization. Vedolizumab trough concentrations were performed
centrally using a drug-tolerant assay. To our knowledge, there have been no published
controlled data on thiopurine withdrawal in vedolizumab, and the long-term effectiveness of
combination therapy on clinical, endoscopic and histological outcomes. Endoscopic and
histological assessments were centralized and investigators performing clinical assessments

were blinded to the study arm.

Study limitations include an inability to gather complete endoscopic and histological data due
to the COVID-19 pandemic impacting on sigmoidoscopy procedures in some centres.
However, we performed an urgent safety strategy to use a faecal calprotectin less than
100ug/g as a surrogate marker for endoscopic remission, which allowed recruitment to
continue. As such, the COVID-19 pandemic did not impact on our ability to gather vedolizumab
levels which was our primary outcome. Secondly, as this study had a negative primary
outcome, secondary outcomes are considered exploratory and likely underpowered due to
the smaller sample size. This may impact on odds ratio and hazard ratio values. Nonetheless,
we still identified significant biochemical, endoscopic and histological differences between
both groups. Thirdly, this was a single-blinded study, and subjects were aware of their
thiopurine allocation. However, most endpoints were assessed independent to subjective
symptoms by blinded staff, such as serum vedolizumab trough levels, biochemical activity,
endoscopic activity, and histologic activity. Symptomatic activity had to be verified with
objective endoscopic and biochemical evidence of inflammation to be defined as clinical
relapse. Fourthly, the subjects’ attending physicians may be aware of the thiopurine

allocation. However, we encouraged sites to use an unblinded physician to prescribe the
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thiopurines and some sites utilised a central unblinded physician to prescribe thiopurine

directly to subjects randomized to the continue arm to maintain blinding at study sites.

5.5 CONCLUSION

In summary, the VIEWS study has demonstrated that thiopurine withdrawal does not impact
on serum vedolizumab trough concentrations, nor the development of anti-vedolizumab
antibodies, out to 1 year. However, it is associated with worse biochemical, endoscopic and
histologic outcomes at one year. Histological activity at baseline and prior anti-TNF exposure
were identified as factors associated with a clinical relapse in the withdrawal group. Although
these secondary results should be interpreted with caution due to the smaller sample size,
our novel exploratory findings will assist clinicians in decision-making prior to thiopurine de-

escalation for patients with UC in clinical and endoscopic remission on vedolizumab.
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6.1 SUMMARY OF THE ISSUES

Inflammatory bowel disease is associated with a significant clinical and economic burden
worldwide. Despite advances in treatments over the last two decades, remission rates in
clinical trials are less than 40% at one year, demonstrating a therapeutic ceiling with our
current therapeutic options. Real-world studies have also shown at least one-third of patients
will switch to another advanced therapy after their first-line biological agent, with limited
options available. Therefore, strategies are required to optimise our current therapies, with
an aim to prolong their use for patients. A holistic approach needs to be undertaken, and this
thesis resultantly attempted to address some unanswered questions in the current
epidemiology of IBD, sequencing of biological agents, applicability of histological remission in
clinical practice, and the impact of immunomodulator de-escalation for patients using

vedolizumab.

6.2 KEY FINDINGS, THEIR SIGNIFICANCE AND FUTURE DIRECTIONS

6.2.1 Epidemiology

The last two decades has seen increasing research and development of biological agents to
treat moderate-to-severe IBD. However over this time, it is important to recognise that our
population demographics may have changed. There have been limited epidemiological studies
in Australia, and it is known that epidemiological variations are associated with population
density and proximity to metropolitan areas. As such, studies within metropolitan areas of
Australia are required to better understand IBD prevalence rates. In Chapter 2 of this thesis,

the age-specific prevalence rate of IBD was assessed within a defined metropolitan area of
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Australia. This defined region allowed for more complete characterisation of phenotypic
details whilst avoiding duplication of cases, ensuring the most accurate representation of IBD
prevalence. The age-standardised prevalence rate of IBD was 348 per 100 000, which was the
highest rate reported by any study in Australia or New Zealand to that date. This likely
represented compounding prevalence over time, and these updated prevalence rates allow
administrators to efficiently plan ongoing health care utilisation for this population. However,
we also found that IBD prevalence increased with age (612 per 100 000 for people aged 65
years and over). This better understanding of our IBD population will have implications for
therapeutic options. It highlights the importance of using safer therapies and de-escalating
immunosuppressive medications when appropriate given the risks of infections and

malignancies particularly in the older population.

6.2.2 Sequencing of infliximab and vedolizumab in ulcerative colitis

The findings from Chapter 2 led to the importance of comparing safer treatment options such
as vedolizumab against systemic immunosuppressives such as infliximab. Prior guidelines
recommend using vedolizumab or infliximab as a first-line biological agent in moderate to
severe ulcerative colitis. However, no head-to-head trial comparing these two agents has
occurred. As such, real-world studies are required to assist with sequencing. Measurements
to compare drug efficacy include rates of clinical remission, biochemical remission and
endoscopic remission. However treatment persistence can be used as a surrogate marker for
drug efficacy and safety, as it reflects willingness by the patient and physician to continue using
a particular medication. In Chapter 3, treatment persistence was utilised as a relatively novel
surrogate marker for treatment efficacy and safety. Despite limitations with the PBS data,

vedolizumab’s longer persistence as a first-line biological agent compared with infliximab
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suggests that it should be considered as the more optimal first-line biological agent of use.
Also, given the persistence of infliximab was similar when used first-line or second-line,
together with vedolizumab’s lower persistence when used second line, it was suggested that

the optimal sequencing would be vedolizumab followed by infliximab.

In the setting of a higher prevalence of IBD particularly in the elderly, as identified in Chapter
2, the results from Chapter 3 provide further reassurance in using vedolizumab as a first-line
biological agent in UC, particularly given its better safety profile compared to infliximab.
Interestingly, it was noted that both infliximab and vedolizumab had a longer persistence
when used in combination with an immunomodulator compared with monotherapy. Although
high-quality studies have been performed assessing combination therapy between infliximab
and an immunomodulator compared with infliximab monotherapy, a prospective study
primarily focusing on the benefits of combination therapy with vedolizumab was also

recommended from Chapter 3.

6.2.3 Knowledge of histological assessments in ulcerative colitis

The role of histology in ulcerative colitis has evolved over the last five to ten years. There has
been increasing literature into the importance of histological assessments and its ability to
prognosticate patient outcomes. However despite its increasing use as an endpoint in clinical
trials in recent years, it was not known whether it had been incorporated into daily clinical
practice or if gastroenterologists and pathologists had an understanding into the scoring
systems. In Chapter 4, a nationwide survey was performed to assess gastroenterologist and
pathologists knowledge of histological findings and scoring systems, together with their

attitudes towards the role of histology in UC management. It was identified that despite the
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awareness of the importance of histology in UC, there was poor knowledge about histological
scoring systems by both groups in Australia. There is an opportunity, therefore, to improve
knowledge through potential consensus guidelines and to develop a harmonised approach to
histological assessment in UC in Australia. This will then allow for homogeneity across the

nation for an increasing important treatment endpoint for IBD patients.

6.2.4 Thiopurine use with vedolizumab in ulcerative colitis

Combination therapy between biological agents and immunomodulators is a proposed
strategy to increase treatment efficacy in inflammatory bowel disease. Prior research has
shown combining infliximab with thiopurines increases infliximab trough concentrations and
improves clinical and endoscopic remission rates. However, the benefit of using thiopurines
with vedolizumab is less clear. Most studies have not demonstrated a significant benefit of
thiopurine therapy with vedolizumab. Limitations of these studies, however, include
retrospective study designs which have been unclear as to whether thiopurines were
discontinued during treatment maintenance, short durations of follow-up of less than six
months, and a heterogeneity in definitions of clinical benefit in a systematic review and meta-
analysis that included sixteen vedolizumab-related studies. No studies have prospectively
examined the impact of thiopurines on serum vedolizumab trough concentrations or objective

markers of disease activity.

In Chapter 5, we performed the VIEWS study, which is the first randomised controlled trial
comparing withdrawal versus continuation of thiopurine therapy for patients with ulcerative
colitis on vedolizumab. Given the survey results from Chapter 4, we incorporated histologic

outcomes due to its increasing importance. Our findings showed that thiopurines do not affect
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vedolizumab trough concentrations. However, we identified increased faecal calprotectin,
histologic and histo-endoscopic activity in the thiopurine withdrawal group. VIEWS is also the
first study to prospectively assess risk factors of relapse upon thiopurine withdrawal whilst on
vedolizumab. Prior anti-TNF therapy and histological activity were associated with a higher
risk of clinical relapse upon thiopurine withdrawal. These findings will assist clinicians
worldwide as it provides novel information about outcomes after withdrawal of thiopurines
whilst on vedolizumab. In particular, it has identified a subset of vedolizumab-treated patients
at a higher risk of relapse following thiopurine withdrawal. This is an important consideration,
particularly in the elderly when vedolizumab is typically used as monotherapy to avoid the
potential side effects of thiopurines. Given the rising prevalence of IBD in the elderly identified
in Chapter 2, thiopurine use may be de-escalated when on vedolizumab. However the VIEWS
study suggests that patients should be closely monitored for a flare if they have histological
activity at the time of thiopurine de-escalation or had prior anti-TNF therapy. This thesis

highlights the significance of balancing efficacy with safety of our biological agents.

Furthermore, the identification of the importance of histological assessments prior to
thiopurine withdrawal contrasts against the overall lack of knowledge of histological scoring
systems in daily clinical practice identified in Chapter 4. Histological remission is typically seen
as a ‘deeper’ endpoint and the VIEWS study highlights its importance in making nuanced
comparisons between treatment groups. These findings add to the importance of providing
education and improving gastroenterologists’ and pathologists’ knowledge of histological

scoring systems that may then be utilised more frequently in regular clinical practice.
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6.3 CONCLUDING REMARKS

IBD remains an incurable disease and efforts are required to optimise care for our patients
living with this chronic health problem. Epidemiological studies have shown that its
prevalence is rising and this will resultantly increase the burden on the health system. As our
therapeutic armamentarium increases, it is important we acknowledge the safety factors of
our current medications whilst identifying ways to enhance their efficacy. At present, there is
a ‘therapeutic ceiling’ for most medical therapies, and using combination therapy in a safe
manner whilst achieving deeper treatment endpoints such as histological remission may
reduce relapse rates even further whilst improving treatment persistence. Most of the novel
findings from this thesis have direct clinical application and can help the current IBD
community in optimising care for patients. By incrementally filling these knowledge gaps, it is
hoped that we can eventually break the ‘therapeutic ceiling’” and lead to meaningful
improvements in treatment efficacy, with an ultimate aim to avoid relapses, prevent

complications and improve patients’ wellbeing long-term.
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ABSTRACT

Introduction: Medications in treating Crohn’s disease (CD) have evolved over the last two decades,
particularly with the use of biologic agents. There are, however, concerns about the safety and adverse
events associated with these medications. The authors review the safety profile of immunosuppressive
medications used in Crohn’s disease in adult patients.

Areas covered: The authors performed a literature search until October 2018 to examine safety data on
thiopurines, methotrexate, anti-TNFa agents, vedolizumab and ustekinumab. The authors focused on
‘trial’ and ‘real-world’ data for the biologic agents. Safety in pregnancy and the elderly are also
presented.

Expert opinion: Available data in CD suggest that immunosuppressive medications are relatively safe,
although there are concerns about an elevated risk of serious infections, skin cancer and lymphoma
particularly with thiopurines and anti-TNFa agents. Data on vedolizumab and ustekinumab suggest
these newer biologic agents are well tolerated; however, longer term data in CD are required to identify
risks with extended use. Apart from methotrexate, there appear to be no adverse congenital outcomes
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with exposure of drugs during pregnancy.

1. Introduction

The last two decades have seen a significant increase in the
research and development of new medications to treat
patients with moderate to severe Crohn’s disease (CD). The
therapeutic goal in managing these patients is to induce and
maintain clinical and endoscopic remission and to avoid
relapses, intestinal damage and need for surgical intervention.
Inadequate response to conventional therapies including cor-
ticosteroids and immunomodulators are commonly the initiat-
ing factor for the prescription of biological agents. The
biological agents are monoclonal antibodies directed against
specific targets implicated in the pathogenesis of CD inflam-
mation [1]. Although clinical trials have proven their effective-
ness and early safety data, there remain concerns over the
safety of these drugs used during their long-term mainte-
nance therapy. Post-marketing data and post-registration
data have provided some reassurance of their safety profile.
This review article aims to evaluate the safety of treating
adult patients with CD using immunomodulating medications,
particularly with the use of biological therapies. A search
through the PubMed and EMBASE databases was performed
to obtain data from large-scale cohort and case-control stu-
dies, post-marketing registries and meta-analyses of rando-
mized controlled trials (RCTs) published until October 2018.
Search terms included ‘thiopurines’, ‘azathioprine’, ‘mercapto-
purine’, ‘methotrexate’, ‘antitumor necrosis factora’, ‘inflixi-
mab’, ‘adalimumab’, ‘vedolizumab’, ‘ustekinumab’ in

combination with ‘safety’, ‘adverse events’, ‘pregnancy’ and
‘elderly’. The search was limited to studies published in
English. Reference lists of published articles were manually
searched to identify additional relevant studies. Articles that
focused on the adult population were reviewed.

2. Safety of medications
2.1. Immunomodulators

2.1.1. Thiopurines

Given their use for over 50 years, there is a large amount of
data that demonstrates the efficacy of thiopurine medications
especially with azathioprine and mercaptopurine in CD. In
addition to their central role of maintaining remission in
patients with CD [2], they also reduce phenotypic disease
progression [3] and improve treatment efficacy when used in
combination with antitumor necrosis factor-a (TNFa) agents
[4]. Combination therapy with azathioprine and infliximab has
been shown to be more effective in achieving corticosteroid-
free clinical remission and higher infliximab trough levels than
infliximab monotherapy [4,5]. Also, combination therapy with
a thiopurines and adalimumab has been shown to increase
response and remission rates compared with adalimumab
monotherapy, and reduce the risk of developing anti-drug
antibodies to adalimumab [6,7]. However, approximately 15%
to 40% of patients who use thiopurines develop adverse
events that lead to dose reduction or drug withdrawal, and
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Article highlights

e Immunomodulators are important in the maintenance of remission in
CD, however, there are concerns about lymphoma and NMSC adverse
events

¢ Anti-TNFa agents are effective agents in CD, however, there are small
but significant risks of infections, skin cancer and lymphoma in some
studies

o Vedolizumab and ustekinumab are relatively safe medications in CD
with the limited data available

¢ We suggest HIV serological testing prior to starting vedolizumab use,
as the risk of PML will be higher if patients are HIV-positive

This box summarizes key points contained in the article.

these can be divided into idiosyncratic or dose-dependent
adverse events [8].

Idiosyncratic reactions include gastrointestinal disturbance
(such as nausea and vomiting), malaise, headache, stomatitis,
alopecia, and rash in up to 10% to 15% of patients. Thiopurine-
induced pancreatitis occurs in up to 4% of patients, particularly
during the first weeks of treatment [9] and the HLA-DQA1-HLA
-DRB1 susceptibility haplotype is associated with 9% risk in
heterozygotes and 17% risk in homozygotes [10]. Another rare
adverse event is pneumonitis [11].

Myelotoxicity is a dose-dependent adverse event. Gisbert
et al. reviewed 66 studies (8,302 patients) and found the inci-
dence rate of thiopurine-induced myelotoxicity was 3 per
100 person-years (95% confidence interval [Cl] 3-4%) [12].
Thiopurine-induced myelotoxicity may occur from 12 days to
27 years of treatment but was more frequent during the first
months of treatment. Three deaths occurred due to myelotoxi-
city (cumulative incidence 0.06%, 95% Cl: 0.02-0.17) and the
risk of death in patients who developed myelotoxicity was
0.94% (95% Cl: 0.32-2.70) [12]. Colombel et al. showed that
27% of patients with CD and azathioprine-induced myelosup-
pression had mutant alleles of the thiopurine methyltransferase
(TPMT) gene [13]. Homozygote and heterozygote TPMT muta-
tions occur in 0.3% and 6-11% of the Caucasian population,
respectively [9] and thiopurine dose reduction in those identi-
fied as variant carriers result in a 10-fold reduction in myelo-
toxicity [14]. More recently, Yang et al. identified a variant of the
Nudix hydrolase 15 (NUDT15) gene that conferred susceptibility
to thiopurine-induced leukopenia especially in the South East
Asian population [15]. Thiopurines-associated hepatotoxicity
occurs via three broad categories: hypersensitivity reactions,
idiosyncratic cholestatic reactions and nodular regenerative
hyperplasia (NRH) that may lead to portal hypertension [16].
Dose-dependent toxicity is possible in cases of NRH.

Thiopurine metabolite monitoring of 6-thioguanine nucleo-
tide (6-TGN) and 6-methylmercaptopurine (6-MMP) levels
reduces adverse reactions, in particular, myelosuppression
and hepatotoxicity. 6-TGN is the metabolite responsible for
the therapeutic efficacy of thiopurines (therapeutic range:
235-450 pmol/8x10® erythrocytes), but elevated levels are
associated with myelosuppression. Elevated levels of 6-MMP
(>5700 pmol/8x10® erythrocytes) are associated with hepato-
toxicity. In patients who are preferential 6-MMP metabolizers,
the addition of the xanthine-oxidase inhibitor allopurinol with

a reduced dose of thiopurine can favor the production of
6-TGN over 6-MMP [9].

Thiopurines are associated with an increased risk of malig-
nancies. A meta-analysis showed a four-fold increased risk of
lymphoma in IBD patients treated with a thiopurine [17], while
in the Cancer and Increased Risk Associated with Inflammatory
Bowel Disease in France (CESAME) prospective cohort study by
Beaugerie et al., a five-fold increased risk of lymphoproliferative
diseases was demonstrated [18]. A recent nationwide cohort
study based on French National Health Insurance databases
that included 189,289 patients demonstrated thiopurine use
was associated with a risk of lymphoma (adjusted hazard ratio
(HR): 2.6, 95% CI: 1.96-3.44, P < 0.001). Combination of
a thiopurine with an anti-TNFa agent was associated with an
even higher risk (adjusted HR: 6.11, 95% Cl: 3.46-10.8, P < 0.001)
[19]. Azathioprine has also been shown to be associated with
myeloid neoplasms in autoimmune disorders including IBD
[odds ratio (OR): 7.05, 95% Cl 2.35-21.13, P < 0.001], and there
are case reports in patients with IBD [20-22]. The use of thio-
purines, either as monotherapy or in combination with anti-TNF
a agents, has also been shown to be associated with hepatos-
plenic T-cell lymphoma [23]. This is a rare but aggressive fatal
lymphoma that primarily affects men younger than 35 years old
and is associated with a poor prognosis.

Non-melanoma skin cancers (NMSC) are increased in thio-
purine users. The CESAME study group showed that in 19,486
IBD patients, the risk of NSMC was HR: 5.9, 95% ClI: 2.1-16.4,
P = 0.0006 in those on ongoing thiopurine treatment and HR:
3.9, 95% Cl: 1.3-12.1, P = 0.02 in previous thiopurine users
exposure [24]. This latter finding is contrary to the lymphoma
risk, whereby the discontinuation of thiopurines reduces the
risk of lymphoma [25]. Urinary tract cancer risk was also
increased, with a multivariate-adjusted HR of 2.82, 95% ClI:
1.04-7.68, P = 0.04 between patients receiving thiopurines
and those not receiving thiopurines [26].

Thiopurine use in IBD has also been associated with the
rare development of hemophagocytic lymphohistiocytosis
(HLH) following viral infections [27]. A systematic review by
Fries et al. showed that EBV and cytomegalovirus were the
predominant viral infections that caused secondary HLH in IBD
patients, with a mortality rate of approximately 30% [28].

2.1.1.1. Pregnancy and the elderly. The use of thiopurines is
not contraindicated during pregnancy. A retrospective multi-
center study that included 571 pregnant women on thiopurines
found no increase in adverse outcomes for mothers and new-
borns [29]. Exposure to thiopurines at the time of conception
was not associated with an increased risk of congenital mal-
formations [30]. It is important to maintain patients in clinical
remission during pregnancy to prevent adverse pregnancy out-
comes in the setting of a relapse. Also, breastfeeding by IBD
patients using thiopurines does not affect child long-term
development or immune function [31,32]. Exposure to thiopur-
ines in male patients is not associated with reduced fertility or
congenital abnormalities [30,33]. In the elderly population,
there is an increased risk of infections and malignancies, and
hence the benefit of long-term thiopurine use may not out-
weigh the risks [16].



2.1.2. Methotrexate

Methotrexate maintains remission in CD [34] and is most
commonly used as second-line therapy in those intolerant to
or had failed thiopurine treatment. In double-blinded, pla-
cebo-controlled, multicenter studies by Feagan et al., metho-
trexate effectively induced remission [35] and maintained
remission [34] in CD. There were no severe adverse events in
methotrexate-users up to week 40 of exposure in the main-
tenance study, with 2.5% of the patients in the methotrexate
group withdrawing from the study prematurely due to nausea
[34]. A retrospective study of 92 patients with CD showed
methotrexate to be well tolerated [36]. The commonest
adverse events were nausea (22%) and elevated liver enzymes
(10%), with only 6% of patients needing to cease methotrex-
ate due to persistently abnormal liver enzymes [36].
Methotrexate-induced hepatotoxicity occurs in 3-33% of IBD
patients, with underlying cofactors being non-alcoholic fatty
liver disease, diabetes or excess alcohol consumption [37]. The
addition of folic acid while on methotrexate is recommended,
as it has been shown to reduce the gastrointestinal and hepa-
totoxicity risks [38].

Methotrexate-induced lung injury is infrequent but poten-
tially life-threatening, and typically occurs after an extended
course of therapy [39]. It is associated with the development
of pneumonitis, which has been reported in the IBD popula-
tion [40]. Other pulmonary complications from methotrexate
use include bronchiolitis obliterans with organizing pneumo-
nia, acute lung injury with non-cardiogenic pulmonary edema,
pulmonary fibrosis and pleurisy [41-43]. Methotrexate is also
associated with myelosuppression, and it is important to
monitor blood counts regularly [39]. Cancer and lymphoma
risk is not increased in methotrexate users and methotrexate
may be preferred over thiopurines in those with increased
cancer risks or prior cancers [44].

2.1.2.1. Pregnancy and the elderly. Methotrexate is terato-
genic, and pregnancy is therefore absolutely contraindicated.
Methotrexate may be toxic to sperm too, and men should
cease methotrexate for at least 3 months before trying to
conceive [45]. There is no safety data on the use of metho-
trexate in elderly CD patients; however, caution should be
exercised given the increased rate of gastrointestinal and
myelotoxicity adverse events in elderly patients receiving
methotrexate for rheumatoid arthritis [46].

2.2. Anti-TNFa

2.2.1. Trial data

2.2.1.1. Infliximab. Infliximab is a mouse-human chimeric
IgG1 monoclonal antibody that targets TNF-a. The ACCENT 1
study examined the long-term efficacy and safety of infliximab
in CD [47]. It showed that repeated treatment with 5mg/kg or
10mg/kg of infliximab was effective in maintaining remission
at week 30 and 54 in patients who had an initial response to
the drug in comparison to placebo. There was no significant
difference between the two dosages. An additional endo-
scopic ACCENT 1 sub-study showed that 44% of patients
with colonic ulcers treated with maintenance doses had
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complete mucosal healing after 1 year compared with 18%
of the placebo group (P = 0.041) [48]. No significant difference
in serious adverse events or infections between was found
between the placebo and treatment groups [47]. One patient
(0.3%) developed tuberculosis 4 weeks after her week 14
infusion and was successfully treated, while six patients
(1.8%) developed malignancy. Cancers included an epithelial-
cell skin neoplasm (6.5 months after the first infliximab induc-
tion and placebo-maintenance); a natural-killer cell lymphoma
(10 months after week 14 infliximab induction and placebo-
maintenance); a basal-cell carcinoma (2 weeks after the week 6
infusion); a hypernephroma (9 weeks after the week 6 infu-
sion); a breast cancer (51 days after the week 30 infusion); and
a bladder carcinoma (49 days after the week 42 infusion) [47].

2.2.1.2. Adalimumab. Adalimumab is a humanized mono-
clonal antibody that targets TNFa. The pivotal CLASSIC-1 trial
[49] demonstrated its efficacy in the induction of remission at
week 4 in moderate to severe CD. Adverse events occurred at
similar frequencies in the adalimumab and placebo groups,
and no tuberculosis or opportunistic infections were reported
during the study [49]. Injection-site reactions occurred in 29%
(66/225) of patients in the adalimumab groups, compared
with 16% (12/74) in the placebo group [49]. In the CLASSIC-2
trial, longer term data through to week 56 were available [50].
In this study, those randomized to placebo experienced higher
overall adverse events, serious adverse events, and adverse
events leading to discontinuation than those randomized to
adalimumab [50]. No patients withdrew from the study due to
injection-site reactions. The commonest reported treated-
emergent adverse event was nasopharyngitis in 5%. There
were no cases of tuberculosis, demyelinating event, lym-
phoma, malignancy or death in the adalimumab group [50].
The CHARM trial examined the efficacy and safety of ada-
limumab in the maintenance of response and remission in
patients with moderate to severe CD. Adverse events were
reported at similar frequencies between the adalimumab and
placebo groups, with a higher discontinuation of treatment
rate in the placebo group than in the adalimumab group [51].
Injection-site reactions occurred more frequently in the adali-
mumab groups (5% [26/517]) compared with the placebo
group (0.4% [1/261]), but were generally mild-to-moderate
[51]. Tuberculosis was reported in twopatients (0.4%) treated
with adalimumab, both of whom were purified protein deri-
vative-negative and had normal chest radiographs at baseline
[51]. One patient had received open-label adalimumab fort-
nightly for 197 days, and the other had received open-label
adalimumab for a total of 260 days (31 days at fortnightly
dosing and 229 days at weekly dosing) [51]. The latter patient
had also received prednisone and azathioprine as concomitant
medications. One patient who was receiving adalimumab died
from a pulmonary embolism on day 15, with contributing risk
factors including age, a history of pulmonary embolism, hyper-
tension and atrial fibrillation. The event was deemed by the
investigators to be unrelated to adalimumab [51].
Peyrin-Biroulet et al. performed a meta-analysis of pla-
cebo-controlled trials to evaluate the safety and efficacy of
anti-TNFa agents for CD [52]. In 21 studies enrolling 5,356
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patients, anti-TNFa therapy did not increase the risks of
serious infection, malignancy or death [52]. Papamichael
et al. also completed a safety assessment of anti-TNFa ther-
apy in CD in literature published up to August 2015 and
concluded they were associated with an elevated risk of
serious infections, skin cancer and lymphoma [53].
Osterman et al. performed a pooled analysis of data from
1594 patients with CD who participated in clinical trials, and
found the combination therapy of adalimumab and an
immunomodulator was associated with an increased risk of
NMSC and other cancers [54]. However, these studies were
prior to the era of therapeutic drug monitoring (TDM). The
Trough Concentration Adapted Infliximab Treatment (TAXIT)
study was a RCT that aimed to compare the efficacy and
safety of concentration-based dosing of infliximab in
a cohort of CD- and ulcerative colitis (UC)-responder patients
treated with infliximab maintenance therapy [55]. A higher
proportion of CD patients who had dose-escalation based on
a sub-therapeutic infliximab trough concentration was in
remission than before dose-escalation (88% versus 65%,
P = 0.020) [55]. One patient in the concentration-based dos-
ing group experienced a serious adverse event (leukocyto-
clastic vasculitis) leading to discontinuation of infliximab,
while one patient in the clinically based dosing group had
a psoriaform eczema leading to discontinuation. However,
the proportion of patients reporting adverse events that
were considered to be linked to infliximab by the treating
clinician were similar in both treatment groups [55]. No
deaths occurred in the trial. Higher serum trough levels of
infliximab have not been linked to greater risk of adverse
events [56].

2.2.2. Real-world data

The Crohn’s Therapy, Resource, Evaluation and Assessment
Tool (TREAT) registry by Lichenstein et al. evaluated the
long-term safety data for infliximab in CD [57]. It recruited
3420 participants that received infliximab and 2853 that
received conventional therapies, with a mean length of
patient follow-up being 5.2 years. Patient mortality was
similar between the two groups. However, there was an
increased risk of serious infection with infliximab (HR: 1.43,
95% Cl: 1.11-1.84; P = 0.006) [57]. The commonest infec-
tions were pneumonia, cellulitis and abdominal abscesses.
However, the severity of CD (HR: 2.24, 95% Cl: 1.57-3.19, P <
0.001) and the use of prednisone (HR: 1.98, 95% ClI:
1.44-2.73, P < 0.001) carried a higher risk of serious infec-
tion compared with infliximab use [57]. No increased risk of
non-Hodgkin’s lymphoma (NHL) for CD patients treated
with infliximab was found in the TREAT registry [57], how-
ever underpowering might have contributed to the lack of
that association. Studies examining the combination ther-
apy of anti-TNFa agents with immunomodulators showed
that there was an increased risk of opportunistic infection,
herpes zoster and non-Hodgkin’s lymphoma [58,59]. The
ENCORE registry by D'Haens et al. also compared the long-
term safety of infliximab in CD compared with conventional
therapies [60]. Infliximab was associated with serious infec-
tions (HR: 1.64, 95% Cl: 1.17-2.31, P = 0.005) and benign

hematological conditions that included leukopenia, neutro-
penia, and thrombocytopenia (HR: 2.91, 95% Cl: 1.51-5.59,
P = 0.001), but not with lymphoproliferative disorders,
malignancy or death [60]. There was no significant differ-
ence in the rate of demyelinating neurological disorders
between the two groups [60]. In a large, single-center,
cohort study that included 734 patients treated with inflix-
imab (median time 58 months) and 666 controls (median
time 144 months) not treated with infliximab, the frequency
of serious infections in the infliximab-group of 1.6 per
100 person-years was not significantly different from the
control group of 1.1 per 100 person-years [61]. There was
also no difference in malignancies or mortality rate between
the two groups. Concomitant corticosteroid use was an
independent risk factor for infections [61].

The PYRAMID registry examined safety data related to
adalimumab in CD [62]. It included 5025 patients who were
evaluated over a 6-year period. Treatment-emergent adverse
events included 4129 serious adverse events [n = 1853
(36.9%); 24.8 events per 100 person-years], 792 serious infec-
tions [n = 556 (11.1%); 4.7 events per 100 person-years]
including 10 cases of active tuberculosis, and 134 malignan-
cies [n = 116 (2.3%); 0.8 events per 100 person-years], includ-
ing 10 lymphomas [62]. The observed lymphoma rate (0.060
events per 100 person-years) was lower than the estimated
background rate (0.084 events per 100 person-years) [62]. No
new safety signals were reported in this registry.

2.2.3. Pregnancy

The Pregnancy in Inflammatory Bowel Disease and Neonatal
Outcomes (PIANO) registry by Mahadevan et al. found that
children born to mothers who were treated with anti-TNFa
agents did not have an increased risk of congenital anoma-
lies, delayed infant growth or developmental problems [63].
However, the risk of infection for the children at 9-12 months
of age was higher if the mother was using combination
therapy with a thiopurine [Relative risk (RR) 1.50, 95% ClI
1.08-2.09]. It was also found that breastfeeding did not
increase or decrease the infection risk among drug exposures
[63]. Similar findings relating to the safety of breastfeeding in
IBD patients using anti-TNFa drugs were found by Matro
et al. [64]. Gisbert et al. examined studies that included 462
women with IBD who were exposed to anti-TNFa agents
during pregnancy [65]. Anti-TNFa agents were likely to be
safe during pregnancy despite these drugs being able to
cross the placenta after the second trimester. A further retro-
spective, multi-center study by Casanova et al. examined the
safety of anti-TNFa and thiopurine use in pregnancy. It was
concluded that combination therapy did not increase the risk
of complications during pregnancy and does seem to be safe
for the newborn [29]. However, a single case of disseminated
BCG sepsis following live vaccination in a newborn exposed
to infliximab in utero highlighted the need to avoid live
vaccinations in the first year of life [66]. This was also con-
firmed by Julsgaard et al. who showed that anti-TNFa drugs
were not detected in infants after 12 months [67]. A recent
study examining the safety of anti-TNFa use during preg-
nancy on the long-term outcome of exposed children



showed no significant negative impact on postnatal devel-
opment with regards to infections, allergy, growth or psy-
chomotor development when compared with unexposed
children of non-IBD women [68].

Few studies have examined the effects of anti-TNFa therapy
on male fertility. Mahadeven et al. showed a trend towards
decrease sperm motility; however, data is conflicting with
Villiger et al. showing no statistically significant difference in
sperm quality between healthy controls and anti-TNFa treated
patients with spondyloarthropathies [69,70]. More recent data
from Valer et al. showed anti-TNFa use in male IBD patients is
not associated with poor sperm quality, while Puchner et al.
found anti-TNFa use shortly before conception did not increase
the risk of adverse pregnancy outcomes [71,72].

2.2.4. Elderly

Elderly IBD patients treated with anti-TNFa agents may have
a lower rate of short-term clinical response and a higher rate of
severe adverse events than in the younger IBD population.
Cottone et al. recruited 3079 IBD patients on infliximab and
adalimumab with 95 patients (3%) older than 65 years of age
[73] and found a higher rate of severe infections and mortality in
the elderly group compared with younger patients or patients of
the same age who did not receive anti-TNFa agents [73].

2.3. Vedolizumab

2.3.1. Trial data

Vedolizumab is a humanized, gut-selective, monoclonal 1gG1
antibody to a4 3, integrin, inhibiting migration and leukocyte
adhesion from the circulation to the bowel. Gut selectivity
with this biological agent means a lower risk of potential
systemic side effects. Its effectiveness as induction and main-
tenance therapy in the management of CD was shown in the
GEMINI 2 trial [74]. In this study at week 52, 39.0% of patients
who randomized to 8-weekly vedolizumab were in clinical
remission compared with 21.6% of patients in the placebo
group (P < 0.001) [74]. Nasopharyngitis occurred more fre-
quently in the vedolizumab group. Clinically important infu-
sion reactions were infrequent, with only one (0.3%) patient
discontinuing the trial due to an infusion reaction [74]. During
the trial of maintenance phase, there was one case (0.3%) each
of latent tuberculosis, carcinoid tumor in the appendix, squa-
mous-cell carcinoma and basal-cell carcinoma diagnosed in
the vedolizumab groups [74]. There were no cases of progres-
sive multifocal leukoencephalopathy (PML).

Feagan et al. examined data from the GEMINI trials and
found there was no statistically significant difference in time
to first upper or lower respiratory tract infection between
vedolizumab and placebo groups [75]. This also included
patients who were on 4-weekly vedolizumab maintenance.
Colombel et al. examined safety data from six trials of vedoli-
zumab [76]. Adverse events were reported more frequently
with placebo (419.4 per 100 person-years) than with vedolizu-
mab (247.8 per 100 person-years) [76]. Vedolizumab did not
increase the frequency of adverse events. Upper respiratory
tract infections accounted for approximately half or more of
the total infections reported with incidence rates of 28.6 per
100 person-years with vedolizumab and 34.7 per 100 person-
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years with placebo [76]. Three patients (0.2%) were diagnosed
with pulmonary tuberculosis in patients who tested negative
for tuberculosis at baseline and were taking concomitant
immunomodulators. There were no cases of PML. They con-
cluded that there were no significant safety concerns asso-
ciated with vedolizumab treatment [76]. Bye et al. also
completed a systematic search that included six registration
trials and nine cohort studies [77]. They found the incidence
rates of infection and serious adverse events in the vedolizu-
mab population were comparable to the placebo groups, and
post-marketing data did not identify any new concerns [77].

The concern about PML is derived from prior confirmed
cases of PML in patients treated with natalizumab.
Natalizumab is a humanized monoclonal antibody that inhi-
bits the a, subunit of the a4 B, integrin, preventing it from
binding to vascular cell adhesion molecule 1 (VCAM-1).
Bloomgren et al. found that as of 29 February 2012, there
were 212 confirmed cases of PML among 99,571 patients
treated with natalizumab (2.1 cases per 1000), with the risk
increasing in patients with positive anti-John Cunningham (JC)
virus antibodies, using immunomodulators before natalizu-
mab, and having received 25 to 48 months of natalizumab
[78]. Its mechanism of action is similar to vedolizumab; how-
ever, vedolizumab does not inhibit binding at VCAM-1.
Selective targeting of the a4 (; integrin expressed on gut-
homing lymphocytes allows non-gut-homing T-lymphocytes
to remain unaffected. Card et al. examined the current and
future expected occurrence of PML with vedolizumab use, and
found that approximately 30.2 cases of PML would have
occurred by May 2016 assuming an equivalent risk to that of
patients treated with natalizumab [79]. They concluded that
the risk of PML with vedolizumab use is smaller compared
with natalizumab use. Despite there being no published cases
of PML based on vedolizumab-use alone, an investigator
safety letter (June 2018 letter from JD Bornstein, Entyvio
Global Clinical Lead, unreferenced) indicated that a case of
PML was diagnosed in a CD patient being treated with vedo-
lizumab and methotrexate with concomitant HIV infection. He
had previously been treated with corticosteroids, azathioprine,
infliximab, and adalimumab, before starting vedolizumab in
2016 and undergoing 20 intravenous infusions. He developed
neurological symptoms in early 2018, with investigations
including a magnetic resonance imaging (MRI) brain that
showed white matter changes and a lumbar puncture con-
firming positivity of the JC virus. He underwent a HIV test
thereafter which was positive, with a CD4 count of 300. It
was considered that the PML risk was more related to the
HIV infection, low CD4 count and prior exposure to immuno-
modulators, rather than from vedolizumab use. HIV infection
accounts for approximately 80% of PML cases [80].

2.3.2. Real-world data

There have been recent ‘real-life’ studies evaluating the use of
vedolizumab in inflammatory bowel disease. A systematic
review by Engel et al. examined real-world studies of vedoli-
zumab in IBD [81]. Nine studies involving 1565 patients were
included. Adverse effects were mostly minor and occurred in
30.6% of patients. Infections were reported in 3.4% of patients
[81]. Schreiber et al. incorporated real-world studies to
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examine the effectiveness and safety of vedolizumab in IBD
[82]. Overall adverse event rates were reported in 23 studies
(0-67% of patients; n = 2358) and infections in 12 studies
(range 5-24%; n = 1176). Post-operative adverse events were
reported in four studies (n = 857). The commonest adverse
events were upper respiratory tract infections including naso-
pharyngitis (range 1-21%), arthralgia (range <1-20%),
Clostridium difficile infection (range <1-20%) and fatigue
(range 1-19%) [82]. The real-world data obtained from this
systematic review is consistent with those from the GEMINI
trials, with no new or unexpected safety issues.

A systematic review by Dulai et al. included treatment out-
comes from the VICTORY consortium and concluded vedolizu-
mab was safe to use in patients with moderate-to-severe CD
[83]. A retrospective multi-centre European pooled cohort
study by Kopylov et al. showed that in 184 anti-TNFa-naive
patients on vedolizumab, adverse events were reported in 20
(11%) of the patients, leading to treatment discontinuation in
6 (2 arthralgia, 1 neutropenia, 1 sarcoidosis flare-up, 1 tinnitus,
1 cholestasis) [84]. Lenti et al. reported a multi-center experi-
ence of eight IBD units from Northern England that confirmed
the effectiveness and safety of vedolizumab in both the induc-
tion and maintenance of remission in UC and CD in 203
patients [84]. There was a low rate of adverse events, with 5
(2.5%) patients discontinuing the medication (4 (2.0%) due to
urticarial rash and 1 (0.5%) supraventricular tachycardia during
vedolizumab infusion). The cumulative incidence of non-
infective adverse events was 5.1 per 100 person-years, while
the cumulative incidence of infectious diseases was 11.9 per
100 person-years (13.7% of the cohort) [85]. Nasopharyngitis
and pneumonia were the commonest infections. One patient
developed viral meningitis and another patient developed of
Epstein-Barr virus (EBV) infection causing acute hepatitis and
both were on concomitant immunomodulators. There was
one (0.5%) case of tuberculosis reactivation affecting the cen-
tral nervous system in a 57-year-old female who had type 2
diabetes mellitus. Sub-analysis of the use of vedolizumab in
the elderly aged 65 years or above reported that there were
no reports of infections [85].

2.3.3. Pregnancy

Mahadevan et al. examined the safety of vedolizumab in preg-
nancy [86] after reviewing data of 27 pregnancies in female
participants and 19 pregnancies in partners of male participants.
Among 24 vedolizumab-treated females, 11 had live births, 5 had
elective terminations, 4 had spontaneous abortions and there
were 4 undocumented outcomes. Of the 19 pregnancies in
partners of male participants, there were 11 live births, 3 elective
terminations, 2 spontaneous abortions, and 3 undocumented
outcomes. Post-marketing reports included 81 pregnancies,
with 66 pregnancies ongoing or reported undocumented out-
comes. Overall, the study concluded that there were no new
safety concerns for pregnancy outcomes in females directly or
indirectly exposed to vedolizumab [86]. Lahat et al. showed that
vedolizumab can be detected in the breast milk of nursing
mothers; however, the concentrations are small and unlikely to
result in systemic or gastrointestinal immune suppression of the
infant [87]. More recently, Moens et al. showed that pregnancies

for women with IBD using vedolizumab were associated with
more miscarriages compared with anti-TNFa exposed pregnant
women or immunomodulator/biologic-naive pregnant women
[88]. However, after the exclusion of patients with active disease,
there was no statistically significant difference noted between
the groups. As such, it was postulated that active disease rather
than vedolizumab was the main cause for adverse pregnancy
outcomes, however larger prospective studies are needed for
confirmation [88].

2.3.4. Elderly

Yajnik et al. performed a post-hoc analysis from the GEMINI
trials that examined the safety profile of vedolizumab in var-
ious age groups [89]. The safety profile was similar between
patients aged <35, 35 to <55, and =55 years [89]. Another
single-center, retrospective study showed that vedolizumab
was safe in 29 patients (19 of whom had CD) who were
more than 60 years old [90]. Chan et al. have shown that
vedolizumab is the preferred choice of immunosuppression
in elderly patients with comorbidities [91].

2.4. Ustekinumab

2.4.1. Trial data

Ustekinumab is a monoclonal antibody to the p40 subunit of
interleukin-12 and interleukin-23. The pivotal UNITI trials
demonstrated its efficacy in patients with moderate to severe
CD [92]. The UNITI-1 trial included 741 patients who were
primary or secondary non-responders to anti-TNFa agents,
while the UNITI-2 trials included 628 patients who had failed
conventional therapy and had not failed biological agents. The
primary end-point was a clinical response at week 6 (defined
as a decrease from baseline in the Crohn’s Disease Activity
Index [CDAI] score of =100 points or a CDAI score <150). The
rates of response at week 6 were significantly higher in those
receiving either 130 mg IV ustekinumab, approximately 6mg/
kg IV ustekinumab compared to placebo (UNITI-1, 34.3%,
33.7%, and 21.5%, respectively, with P < 0.003 for both com-
parisons with placebo; in UNITI-2, 51.7%, 55.5%, and 28.7%,
respectively, with P < 0.001 for both doses) [92].

From these induction trials, 397 patients who had
a response then participated in the IM-UNITI trial. Patients
were randomized to receive subcutaneous maintenance injec-
tions of 90 mg of ustekinumab either every 8 weeks or 12
weeks, or placebo. The primary end point was remission at
week 44 (CDAI score < 150). In the groups receiving mainte-
nance doses of ustekinumab every 8 weeks or every 12 weeks,
53.1% and 48.8%, respectively, were in remission at week 44,
as compared with 35.9% of those receiving placebo (P = 0.005
and P = 0.04, respectively) [92].

The rates of adverse effects were similar between treatment
and placebo groups in both induction trials [92]. At week 44 of
the IM-UNITI trials, the percentages of patients in the primary
population with at least one adverse event in the groups
receiving 90 mg of ustekinumab every 8 weeks, 90 mg of
ustekinumab every 12 weeks, and placebo were 81.7%, 80.3%,
and 83.5%, respectively [92]. The percentages of patients with
a serious adverse event were 9.9%, 12.1%, and 15.0%, respec-
tively [92]. A serious infection developed in 13 patients across



all three study groups, occurring in 2.3% in the 8-weekly uste-
kinumab group, 5.3% in the 12-weekly ustekinumab group, and
23% in the placebo group. Three opportunistic infections
occurred comprising of one case of listeria meningitis (following
induction with 6mg/kg of ustekinumab on concomitant predni-
sone 30 mg per day), and two cases of esophageal candidiasis
(one in a patient taking prednisone 40 mg per day and metho-
trexate and the other in a patient not in the primary IM-UNITI
population who was receiving 8-weekly SC ustekinumab) [92].
One case of active pulmonary tuberculosis occurred in a high-
tuberculosis endemic area approximately 10 months after the
administration of a single 130 mg IV ustekinumab and placebo
maintenance therapy [92].

Two patients developed a basal cell carcinoma in the main-
tenance trial - one in the placebo group and one in the 8-weekly
ustekinumab group [92]. One patient in the 12-weekly ustekinu-
mab group developed a metastatic adenocarcinoma in the small
bowel and a carcinoid tumor was found incidentally in the
resected bowel. After 1 year of therapy, there were no deaths.
There was no apparent relationship between dose and safety of
ustekinumab in the UNITI trials [92]. The phase 2 ustekinumab
CERTIFI study recruited 526 subjects in the induction study and
followed 145 responders in the maintenance study. Serious
infections occurred in 7 patients (6 received ustekinumab) during
induction and 11 patients (4 receiving ustekinumab) during
maintenance. Basal-cell carcinoma developed in onepatient
receiving ustekinumab [93].

Ustekinumab exposure through to 96 weeks of the IM-
UNITI maintenance study recruited 718 subjects with 86.5%
(621/718) completing Week 96 of follow up [94]. Adverse
events per hundred person-years were similar among usteki-
numab and placebo groups, including overall adverse events
(484.4 versus 447.8), serious adverse events (19.2 versus 18.8)
and serious infections (4.1 versus 4.0). Comparable rates of
adverse events were noted between the 8-weekly and 12-
weekly ustekinumab groups. A 45-year-old male from South
Africa that was negative for tuberculosis at screening devel-
oped tuberculosis. He tested positive to QuantiFERON TB Gold
on routine annual screening, and bronchial brushings were
positive for Mycobacterium tuberculosis. This was deemed
unrelated to ustekinumab. A serious opportunistic infection
of cytomegalovirus colitis occurred in a 32-year-old who
received ustekinumab induction followed by maintenance
(440 days after last exposure to ustekinumab). The number
of treatment-emergent malignancies per hundred person-
years of follow-up was 2.60 for placebo patients and 0.37 for
ustekinumab patients. Three deaths were reported, two due to
presumed cardiovascular causes and one suicide. Two of these
patients were receiving 8-weekly ustekinumab and the other
patient was receiving 12-weekly ustekinumab. The data from
this long-term extension study illustrate that ustekinumab is
well tolerated with a favorable safety profile [94].

2.4.2. Real-world data

A retrospective multicenter cohort study evaluated the
long-term efficacy and safety of ustekinumab in patients
with anti-TNFa refractory CD [95]. In the study, 122 patients
were followed up for a median treatment duration of 26.6
months. At the end of follow-up, five patients stopped
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ustekinumab due to side effects including pulmonary infec-
tion (n = 1), a flare of hidradenitis suppurativa (n = 1), acne
(n = 1), disabling myalgia (n = 1) and anal adenocarcinoma
(n = 1). The anal adenocarcinoma developed in a 32-year-
old man with a 26-year history of CD that was treated with
ustekinumab for 30 months. There were no opportunistic
infections or deaths reported [95].

A notable study that examined the safety profile of usteki-
numab in the real-world is the PSOLAR study by Papp et al.,
albeit in the psoriasis population [96]. A total of 12,093 patients
(48,388 person-years) were included and they found that there
was no increased risk of malignancy, serious infection, major
adverse cardiovascular events or mortality with ustekinumab on
multivariate analyses [96]. A subanalysis of 2.3% of PSOLAR
patients with concomitant IBD showed that having IBD
increased the risk of infections compared to psoriasis overall.
However, patients treated with ustekinumab had numerically
lower rates of serious infections compared with patients receiv-
ing other biological and non-biological therapies [97].

2.4.3. Pregnancy

There has been one case report of a pregnant patient with CD
who was successfully treated with ustekinumab maintenance
therapy throughout the pregnancy and delivered a baby boy
without any congenital malformation, neurological abnormal-
ities or birth defects [98]. Also, Matro et al. recently showed
similar rates of infection and developmental milestones at 12
months in breastfed and non-breastfed infants of patients on
biologic agents, including ustekinumab [64].

2.4.4. Elderly
To date, there has been no published data on the safety of
ustekinumab specifically in the elderly CD population.

3. Conclusion

Immunosuppressive medications in moderate to severe CD are
relatively safe. However, physicians should be aware of the
potential short- and long-term adverse events, particularly
with the use of thiopurines and anti-TNFa agents (Table 1).
Long-term observational studies and post-marketing safety
data for vedolizumab and ustekinumab are required to estab-
lish their long-term safety profiles; however, they are currently
safe and well tolerated by patients with CD. HIV serology
testing should be considered prior to start vedolizumab
given the increased risk of PML in this population.

4, Expert opinion

Given the long period of time since initial trials confirmed the
efficacy of thiopurines and anti-TNFa agents in CD, there is
substantial short- and longer-term safety data available from
cohort studies, meta-analyses of RCTs and ‘real-world’ experi-
ences. As a result, there is a greater awareness of the potential
serious adverse events that can occur with these medications,
particularly in combination use. Nonetheless, the benefits of
these medications in controlling moderate-to-severe CD typi-
cally outweigh the risks, and physicians should ensure close
monitoring occurs during the treatment phase.
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Table 1. Summary of the safety of drugs used in Crohn’s disease.

Medication
class General safety concerns Safety in Pregnancy
Thiopurine ® Nausea, vomiting, malaise, headache ® Not contraindicated
® Alopecia, rash, pancreatitis, pneumonitis ® Able to breastfeed
® Myelotoxicity ® Males
Check TPMT, 6-TGN, and 6-MMP o Not associated with reduced fertility or congenital
Consider checking NUDT15 gene abnormalities
® Elderly
o risk of infections and malignancies
® Malignancies
o Lymphoproliferative diseases, myeloid neoplasms,
hepatosplenic T-cell lymphoma (male, <35 years)
o NMSC
o Urinary tract cancer
® Secondary HLH following viral infections
Methotrexate ® Nausea ® Contraindicated
® Elevated liver function tests o Teratogenic
® Pulmonary toxicity
® Myelosuppression
® Not associated with increased risk of cancer or lymphoma
Anti-TNFa ® |ncreased risk of serious infection ® No increased risk of congenital anomalies, delayed infant
o Note tuberculosis risk growth or developmental problems
® Combination therapy with thiopurine: ® Combination therapy: increased risk of infection at age
o risk of opportunistic infections 9-12 months
o risk of NMSC and lymphoma ® Safe to breastfeed
® Elderly ® Males:
o rate of serious infections and mortality than younger patients o Does not reduce sperm quality
oNot associated with adverse pregnancy outcomes
Vedolizumab @ Upper respiratory tract infections including nasopharyngitis ® Limited data, but no new safety concerns for pregnancy

® No major concerns with serious infections or malignancies

® Potential concern with PML if HIV positive
® Elderly:
o Safe, no new safety concerns

Ustekinumab
® |imited data on risk in the elderly

® No increased risk of adverse events in long-term trial data

outcomes

® |imited data

With an increasing choice of biological agents in the treat-
ment of IBD, the newer biological agents vedolizumab and uste-
kinumab appear to be safer options in comparison to anti-TNF
drugs. The main adverse event from vedolizumab is an upper
respiratory tract infection/nasopharyngitis, however, there
appears to be no serious risk of opportunistic infections or malig-
nancy from this medication. It also appears to be well tolerated in
the elderly population. PML continues to be monitored closely in
those prescribed vedolizumab but without a logical reason, and
real-world data have not shown vedolizumab use to be a risk
factor for the development of PML. Given that HIV infection
increases the risk of PML, however, we suggest performing base-
line HIV serological testing prior to starting vedolizumab in the
rare event of PML being diagnosed later.

Reassuringly, ustekinumab has been used for a longer period
of time in the psoriasis and psoriatic arthritis population and has
been shown to be safe, albeit mostly at a lower maintenance
dose. Its safety profile in CD patients requires further evaluation
in longer-term post-marketing and real-world studies.

In summary, there has been an increasing amount of
research into immunosuppressive medications in CD over the
last two decades, particularly with the advent of newer biologic
therapies. The benefits of these medications typically outweigh
the risks, taking into account the high disease burden of CD.
However, safety data are generally derived from studies whose
primary aim is to assess efficacy, while meta-analyses of RCTs

include patients who may not be representative of real-life
clinical practice and are usually underpowered to assess safety
[53]. Hence, there is a need for larger, statistically powered,
prospective studies specifically designed to assess the safety of
immunosuppressive medications in CD [53]. An important pro-
spective observational cohort study is the I-CARE (Ibd CAncer
and serious infections in Europe) that will aim to assess the long-
term safety profile of these medications in more than 10,000
adult patients with IBD. In the meantime, careful pre-treatment
evaluation (including HIV serological testing pre-vedolizumab
use) and close monitoring while on current immunosuppressive
medications is essential in patients with CD.
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Ghe known: The prevalence of inflammatory bowel disease
(IBD) is increasing worldwide. However, recent age-standardised
prevalence data for Australia are not available.

The new: The age-standardised IBD prevalence rate of 348 cases
per 100 000 population we found is the highest ever reported

in Australia. Its prevalence was higher in older people: 612 per

100 000 people aged 65 years or more and 891 per 100 000 people
aged 85 years or more.

The implications: Given the higher prevalence of IBD among older

people in metropolitan Sydney, and their higher risk of infections,

doctors should consider replacing systemic immunosuppressive
Qherapies with alternatives when possible. Y,

(IBD), which includes Crohn disease and ulcerative colitis,

has increased markedly over the }Zaast sixty years,1 partly
because IBD is incurable but rarely fatal.” Its prevalence is great-
est (but stable) in western Europe and North America,' but its
incidence has risen over the past two decades in more recently
industrialised countries in Asia, South America, and Africa.**

The worldwide burden of inflammatory bowel disease

The burden associated with IBD in Australia is high; it was
estimated to have incurred more than $2.7 billion in costs in
2012.”° Earlier epidemiological studies in Victoria (2010-11)° and
Tasmania (2013-14)” included mixed urban and rural popula-
tions; in a multi-nation Asia—Pacific study, epidemiological vari-
ations were associated with population density and proximity to
metropolitan areas.” Young people with IBD may move to cities
for education and employment, reducing the apparent preva-
lence of IBD in rural areas.

It was recently reported that IBD prevalence rates in Lothian
(Scotland) were very high among people aged 60-79 years (1178
per 100 000) or 80 years or more (1042 per 100 000), and they are
projected to rise further by 2028.° The use of immunosuppres-
sive therapies to treat IBD in these age groups is problematic, as
opportunistic infections, sepsis, comorbid conditions, and ma-
lignancy are more frequent in older patients.

We therefore examined age-specific prevalence rates of IBD in
a defined metropolitan area of Australia, focusing on its preva-
lence in older people.

Methods

Population characteristics

We assessed the prevalence of IBD in the City of Canada Bay, a
local government area in the inner west of Sydney, with a popu-
lation of 88 015 at the time of data collection (Box 1).\° Concord
Hospital, a centrally located public hospital with an established
IBD clinic, provides free health care for patients with IBD.

"Concord Repatriation General Hospital, Sydney, NSW. 2 Centre for Digestive Diseases, Sydney, NSW. > University of Sydney, Sydney, NSW. “ AW Morrow Gastroenterology and Liver
Centre, Royal Prince Albert Hospital, Sydney, NSW. ®Sydney Children’s Hospital, Sydney, NSW. ® Children’s Hospital at Westmead, Sydney, NSW. ” Ryde Hospital, Sydney, NSW.

Ped avivpudipeddi@gmail.com = doi: 10.5694/mja2.50910 * See Editorial (Loftus).
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Abstract

Objectives: To determine the age-standardised prevalence of
inflammatory bowel disease (IBD) in a metropolitan area of Sydney,
with a focus on its prevalence among older people.

Design, setting: Population-based epidemiological study of people
with IBD in the City of Canada Bay, a local government area in the
inner west of Sydney, during 1 March 2016 - 10 November 2016.

Participants: Patients diagnosed with confirmed IBD according to
the Copenhagen or revised Porto criteria.

Main outcome measures: Crude prevalence of IBD, including
Crohn disease and ulcerative colitis; age-standardised prevalence of
IBD, based on the World Health Organization standard population;
prevalence rates among people aged 65 years or more.

Results: The median age of 364 people with IBD was 47 years
(IQR, 34-62 years); 185 were women (50.8%). The crude IBD
prevalence rate was 414 cases (95% Cl, 371-456 cases) per 100 000
population; the age-standardised rate was 348 cases (95% Cl,
312-385 cases) per 100 000 population. The age-standardised rate
for Crohn disease was 166 cases (95% Cl, 141-192 cases) per 100 000
population; for ulcerative colitis, 148 cases (95% Cl, 124-171 cases)
per 100 000 population. The IBD prevalence rate in people aged 65
years or more was 612 cases (95% Cl, 564-660 cases) per 100 000,
and for those aged 85 years or more, 891 cases (95% Cl, 833-949
cases) per 100 000; for people under 65, the rate was 380 cases
(95% Cl, 342-418 cases) per 100 000.

Conclusions: We found that the prevalence of confirmed IBD in a
metropolitan sample was highest among older people. Challenges
for managing older patients with IBD include higher rates of
comorbid conditions, polypharmacy, and cognitive decline, and the
Kimmunosuppressive nature of standard therapies for IBD.

Data collection

We analysed clinical data for people with IBD living in the
City of Canada Bay (postcodes 2046, 2047, 2137, 2138) during 1
March 2016 — 10 November 2016, including those reviewed by
gastroenterologists outside the study area. We identified peo-
ple treated at Concord Hospital according to International
Classification of Diseases, 10th revision (ICD-10) coding. We also
obtained information on patients from gastroenterologists and
colorectal surgeons at Concord Hospital, private gastroenterol-
ogy and colorectal surgery practices, the Sydney IBD database
(ambulatory IBD patients identified in medical records from
Concord Hospital and City of Canada Bay community gastro-
enterologists), and the paediatric IBD database of the Westmead
Children’s Hospital.
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Two authors (AP, JL) collected patient data in standardised
forms. Given the heterogeneity of the data sources, various
search methods were employed to identify patients, includ-
ing searches for keywords (eg, Crohn, colitis, IBD), pharma-
ceutical prescriptions, and ICD-10 codes. Demographic data

1z0Z AeN €



mailto:﻿
https://orcid.org/0000-0001-5944-3488
mailto:﻿﻿avivpudipeddi@gmail.com﻿﻿
mailto:﻿﻿avivpudipeddi@gmail.com﻿﻿
https://doi.org/10.5694/mja2.50910
http://crossmark.crossref.org/dialog/?doi=10.5694%2Fmja2.50910&domain=pdf&date_stamp=2021-01-27

MJA 214 (8) * 3 May 2021

366

~

1 The City of Canada Bay local government area

Park [@ [ small areas

Reserve

B legend |

tworth
oint 7 B ot M iy
Gladesville ® O city of Canada Bay
3 Hunters o
o) Riverglade Hill £--2a

8%
NS
Woolwich ' v

"~~~ -Cockatoo
Island

formula.'® Statistical analysis was performed in the
Statistical Package for the Social Sciences (SPSS)
Statistics 23.

Ethics approval

— Our study was approved by the Sydney Local
~E Health District Human Research Ethics Committee
(reference, HREC/16/CRGH/21).

Results

Birct
: Demographic characteristics and phenotypes
”h Concord Balmain
'E\m\ Strathfied We identified 364 prevalent cases of IBD; the median
S ) . )
HO Mo NS age of patients was 47 years (interquartile range
s, e — [IQR], 34-62 years; range, 7-100 years), and 185 pa-
ctratNdbld Windsor 7 Berowra | tients were women (50.8%). The median duration of
Str;t;v‘-;iely : = Leichhardt woan Cgm IBD was 8 years for Crohn disease (IQR, 4-17 years),
el @ Hhien Badievs SodE Sydney 10 years for ulcerative colitis (IQR, 4-18 years) and 11
Newntns & XHaberfield my years for IBDU (IQR, 4-14.5 years) (Box 2).
BAE o L -
/7 Burwood A & '_});;iniosr’;.al}ig:‘l | @ 3} Complete phenotypic details were available for

163 of 164 cases of Crohn disease (99.4%) and 159 of

.id (https://home.id.com.au).

Source: City of Canada Bay Council® Reproduced with kind permission of the copyright holder,

160 cases of ulcerative colitis (99.4%). Most patients
with Crohn disease were diagnosed when aged

(patient’s initials, sex, age, postcode) were collected to check
for duplication and for analyses of point prevalence. “Older
person” was defined as someone aged 65 years or more.
Clinical data (IBD subtype, age at diagnosis) were obtained
from patient medical records. The most recently updated IBD
phenotype details (according to the Montreal classification')
were also collected.

Inflammatory bowel disease: diagnostic criteria

We included only patients with confirmed IBD according to
the internationally recognised Copenhagen'> (Supporting
Information, table 1) and revised Porto criteria' for clinical, endo-
scopic, radiological and histological findings. Each included IBD
case was independently verified by two of the authors (AP, JL).

Data analysis

Crude IBD prevalence rates were calculated by dividing the
number of confirmed cases by the City of Canada Bay resident
population; rates were separately calculated for Crohn disease,
ulcerative colitis, and IBD unclassified (IBDU). Rates, with 95%
confidence intervals (Cls), were expressed per 100 000 popula-
tion. Direct age standardisation was based on the World Health
Organization standard population,” permitting comparisons
with overseas data; 95% Cls were calculated with the Keyfitz

17-40 years and had disease affecting both the
ileum and colon (68 of 164 patients, 41%). Disease was usually
inflammatory but non-stricturing and non-penetrating (98 pa-
tients, 60%); 37 patients (23%) were classified as having peri-
anal disease. The most frequent disease extent for ulcerative
colitis was left-sided colitis (63 of 160 patients, 39%) (Box 3).

Prevalence rates

The crude IBD prevalence rate was 414 cases (95% CI, 371-456
cases) per 100 000 population; the age-standardised rate was 348
cases (95% CI, 312-385 cases) per 100 000 population. The age-
standardised prevalence of Crohn disease was slightly higher
than that of ulcerative colitis (Box 4).

Age-specific prevalence rates

IBD prevalence increased with age (Box 5). The prevalence of
Crohn disease peaked in the 50-54-year age group, that of ulcera-
tive colitis in the 35-39-year and the 85 years or more age groups
(Box 6). The age distribution was similar for both sexes (Box 7).

Age at diagnosis

Age at diagnosis was available for 362 of 364 patients (99.5%).
Median age at diagnosis was 32 years (IQR, 23-48 years). For
Crohn disease, the median age of diagnosis was 27 years (IQR,

2 Demographic characteristics of residents of the City of Canada Bay with inflammatory bowel disease

Inflammatory bowel disease type

Age (years), median (IQR) 47.0 (34.0-62.0)

Disease duration (years), median (IQR) 9.0 (4.0-17.0)

All Crohn disease Ulcerative colitis Unspecified
364 164 160 40
Sex (male) 179 (49%) 82 (50%) 83 (52%) 14 (35%)

455 (31.0-56.3) 46.5(36.0-63.0)

10.0 (4.0-18.0)

56.5 (43.3-76.0)

8.0 (4.0-17.0) 11.0 (4.0-13.5)

IQR = interquartile range.
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3 Inflammatory bowel disease phenotypes of patients in the
City of Canada Bay, according to the Montreal classification”
Phenotype characteristics
Crohn disease 164
Age at diagnosis (years)
<16 17 (10%)
17-40 95 (58%)
> 40 51(31%)
Missing data 1
Disease extent
L1 (ileal) 43 (26%)
L2 (colonic) 53 (32%)
L3 (ileo-colonic) 68 (41%)
L4 (isolated upper gastrointestinal involvement) 0
Disease behaviour
B1 (non-stricturing and non-penetrating) 98 (60%)
B2 (stricturing) 34 (21%)
B3 (penetrating) 31(19%)
P (perianal involvement) 37 (23%)
Missing data 1
Ulcerative colitis
Disease extent 160
E1 (proctitis) 56 (35%)
E2 (left-sided colitis) 63 (39%)
E3 (pancolitis) 40 (25%)
Missing data 1

20-41.5 years) for men, 31.5 years (IQR, 25-47 years) for women.
For ulcerative colitis, the median age at diagnosis was 31 years
(IQR, 24-53 years) for men, 32 years (IQR, 23-46 years) for
women (Box 8).

Data sources

Of the 364 cases, 175 (48%) were identified in a single data source,
including 139 patients of a private gastroenterologist (Supporting
Information, table 2).

Discussion

We have reported the first population-based IBD prevalence
study in New South Wales, and the first IBD prevalence study in
Australia restricted to a metropolitan area. Our population-based
methodology allows direct comparison with other national and
international studies (Supporting Information, table 3). We found
the highest age-standardised rates of IBD (348 cases per 100 000
population), Crohn disease (166 per 100 000 population) and ul-
cerative colitis (148 per 100 000 5po;)ula’cion) reported by any study
in Australia or New Zealand.””" The prevalence rate of Crohn
disease was higher than that of ulcerative colitis, as also found
by earlier Australian, New Zealand and Canadian studies,””"
but not by older studies from Scandinavia and North America.
These differences are consistent with observations over the past
fifty years that the incidence of ulcerative colitis had increased

20-22

4 Prevalence of inflammatory bowel disease and its subtypes
in the City of Canada Bay
Crude point Age-standardised
prevalence rate, prevalence rate,

Number of per100 000 per100 000
Subtype cases (95% CI) (95% CI)
All types 364 414 (371-456) 348 (312-385)
Crohn disease 164 (45%) 186 (158-215) 166 (141-192)
Ulcerative 160 (44%) 182 (154-210) 148 (124-171)
colitis
Unspecified 40 (11%) 45 (31-60) 34 (23-46)
Cl = confidence interval.

5 Age-specific prevalence of inflammatory bowel disease in the
City of Canada Bay

Prevalence rate,

Age group (years) Number of cases per100 000 (95% CI)

0-64 285 380 (342-418)
0-4 0 0
5-9 1 21(12-30)
1014 7 174 (146-202)
15-19 7 175 (149-204)
20-24 18 287 (253-320)
25-29 29 354 (318-391)
30-34 31 365 (327-402)
35-39 42 606 (558-654)
40-44 31 484 (441-527)
45-49 34 586 (539-633)
50-54 36 663 (612-713)
55-59 26 522 (477-566)
60-64 23 538 (492-583)

> 65 79 612 (564-660)
65-69 20 507 (463-551)
70-74 15 512 (468-556)
75-79 13 572 (526-619)
80-84 13 743 (689-796)
285 18 891(833-949)

Cl = confidence interval.

but then plateaued, while that of Crohn disease has continued to
increase.”

Our prevalence rates are slightly higher than reported by ear-
lier Australian studies for mixed urban and rural populations.™”
The difference is probably attributable to a time-cohort effect
(cumulative increase in number of IBD cases over time), but our
higher rate may be related to the urban nature of our sample.
A systematic review and meta-analysis found that the risks of
Crohn disease (incidence rate ratio [IRR], 1.42; 95% CI, 1.26-1.60)
and ulcerative colitis (IRR, 1.17; 95% CI, 1.03-1.32) were higher
for urban than rural residents.” Factors that may contribute to
greater risk include higher rates of smoking (for Crohn disease),
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6 Age-specific prevalence of inflammatory bowel disease in the
City of Canada Bay, by type and age
A. Inflammatory bowel disease
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better hygiene and sanitation, antibiotic use, and air pollution
in urban areas, as well as migration of young people from rural
to metropolitan regions for education and employment. Further
exploration of risk factors associated with urban living that may
contribute to the pathogenesis of IBD is required.”*

Our major finding was that the age-specific prevalence of IBD in-
creased with age. The prevalence rate among people aged 65 years
or more was 612 (95% CI, 564-660 cases) per 100 000 population,
and 380 (95% ClI, 342-418 cases) per 100 000 people under 65 years
of age; 79 patients with IBD (22%) were 65 years or more old, com-
pared with 12 916 of 88 015 people (14.7%) in the City of Canada
Bay population. We also found that the prevalence of IBD among
people aged 85 years or more was 891 per 100 000 people. Both rates
are higher than the 483 cases per 100 000 people age 65 years or
more reported by an earlier Australian study, which found that IBD
prevalence increased from the age of 15-24 years, and was highest
among those aged 25-54 years and people aged 65 years or more.”
Our differing finding is probably attributable to a cumulative in-

368 | creasein the number of IBD cases over time.
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7 Age-specific prevalence of inflammatory bowel disease in the
City of Canada Bay, by sex
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A Canadian study found that the prevalence of ulcerative colitis
was highest among people aged 40-49 years, but was similar for
older age groups.” Findings from other studies have been het-
erogeneous; some North American studies reported, like us, a
steady increase in IBD prevalence with age, particularly of ul-
cerative colitis.*** As ulcerative colitis is more common among
non-smokers, these patients may have lower mortality, as they
are healthier than the age-matched general population, as previ-
ously reported.”

The rising prevalence of IBD with age is important for manage-
ment strategies, including the use of immunosuppressive medi-
cations that exacerbate the risks of infections and malignancies
in older people.” Accurate prevalence rates allow health care
administrators to efficiently plan for investigating IBD and man-
aging patients. Our findings highlight the importance of safer
therapies, appropriate cancer screening, and taking comorbid
conditions into account when managing older people with IBD.”
Systemic immunosuppressive therapies should be de-escalated
when possible, and newer biological agents less likely to lead
to sepsis, such as ustekinumab and vedolizumab, should be
considered.”

The demographic features of the City of Canada Bay are simi-
lar to those of Greater Sydney, NSW, and Australia (Supporting
Information, table 4), except for higher proportions than the
Australian population of people with Chinese (17% v 5.2%) or
Italian ancestry (15% v 4.3%). Extrapolating the IBD prevalence
rate in Canada Bay would suggest that 16 797 people in Greater
Sydney, 26 046 in NSW, and 81 485 in Australia live with IBD. By
way of comparison, it was estimated in 2013 that the number of
people in Australia living with IBD in 2016 would lie in the range
72 805-89 502.°

Strengths and limitations

We fully characterised all included patients to confirm diag-
noses according to the Copenhagen and revised Porto criteria.
Duplication of cases was avoided by uniquely identifying each
case. Phenotypic details were available for all but two patients,
perhaps explaining the larger proportion of IBDU patients than
in other studies. In contrast, detailed information on disease loca-
tion in another Australian study was available for only 350 of 579
patients with prevalent Crohn disease (60%).”
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8 Age at diagnosis for people in the City of Canada Bay with Crohn

disease or ulcerative colitis, by sex

A.Crohn disease

Limitations include the fact that we undertook a retro-
spective review of medical records, and we may have
missed patients who sought gastroenterology care out-
side the City of Canada Bay. Mild cases of IBD may be
managed by family physicians, but they do not usually

16
manage IBD without involving a specialist gastroenter-
14 ologist.28 We used different search methods to reduce
selection bias, including searches of paper medical re-
127 cords and for keywords in electronic medical records.
9 10 4 Further, we selected an area with a small population
& compared with some other studies. However, the
& 8 smaller population facilitated full case ascertainment in
a metropolitan area, an approach not previously under-
67 taken in Australia. The ethnic background, socio-eco-
. nomic status, and urban nature of our population may
affect the generalisability of our findings to Australia as
2 awhole. Finally, undiagnosed IBD is possible, as the me-
dian time from symptom onset to diagnosis is 4 months
o A . " . 29
PR 0{9 S 6)?9 O S O P S for ulcerative colitis and 9 months for Crohn disease.
ELE TS &S & &g 7
Age group (years) Conclusion
B. Ulcerative colitis In the first IBD prevalence study in New South Wales, the
16 most populous state in Australia, we found that its prev-
alence was high in the City of Canada Bay, particularly
aly among people aged 65 years or more. The high age-spe-
2 cific IBD prevalence in the middle-aged and older people
has important implications for treatment decisions.
}’E’ 10
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Abstract

Background: The choice between infliximab (IFX) and vedolizumab (VED) as a first-line biological
agent in moderate-to-severe ulcerative colitis (UC) can be difficult. Second-line vedolizumab
(VED) efficacy may decline following prior infliximab (IFX) treatment failure in UC patients.
However, it is not known whether second-line IFX efficacy declines after failure of first-line VED.
Aims: We aimed to compare first-line and second-line persistence of IFX and VED, in
particular whether second-line IFX persistence declines after failure of first-line VED.
Methods: Persistence of I[FX and VED was analysed from the Australian Pharmaceutical
Benefits Scheme registry data as either first- or second-line treatment in UC. Propensity
score matching (1:1) was conducted in the comparison of first-line treatments. Cox
proportional hazard regression analysis was used to identify significant predictors and
expressed as a hazard ratio (HR and 95% Cl).

Results: There were 420 subjects with moderate-to-severe UC who received either first-
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Introduction

Ulcerative colitis (UC) is an increasingly preva-
lent chronic inflammatory bowel disease (IBD)
with 15% of patients having an aggressive disease
course.!»2 The cumulative risk of relapse is 70—
80% at 10 years? and as such, many patients
require maintenance treatment with an advanced
therapy.? Recent guidelines recommend the use
of infliximab (IFX) or vedolizumab (VED) as a
first-line biological agent for patients with moder-
ate-to-severe UC who are naive to biological ther-
apy.* However, 10-40% of patients have a
primary nonresponse to IFX, while 23-46% of
patients have a secondary loss of response to IFX
at 12 months after induction.> Furthermore, 35%
of patients lose response to VED at 12 months.°
Therefore, many patients will switch to a second-
line biological agent. VED may be less effective in
those who have failed prior anti-tumour necrosis
factor-alpha (anti-TNFa) therapy including
IFX.78 The effectiveness of second-line IFX after
failure of VED, however, is less well-known. The
optimal sequencing of these agents as first- and
second-line agents is a key knowledge gap that
requires addressing to reduce disease burden.®

Treatment persistence measures continuing med-
ication prescription based on ongoing therapeutic
efficacy in the absence of significant adverse
effects.10 Persistence reflects willingness by
patient and their physician to continue a medica-
tion in the absence of therapeutic failure or a bet-
ter treatment alternative.!! Importantly, it reflects
real-world practice that allows for treatment opti-
misation including dose-adjustment, addition of
temporary induction treatments and other strate-
gies. The rate of failure and duration of persis-
tence for various drugs are different and provide
important comparative efficacy data given the
paucity of head-to-head trials of advanced thera-
pies in UC.10:12

Persistence data, in some respects, may be even
more informative than head-to-head trials.
Population-based persistence data are cost-effi-
cient and might include sufficient statistical power
to identify clear clinical differences through long-
term follow-up. Persistence data may be similar
to clinical drug trials in that both have strict inclu-
sion and exclusion eligibility criteria, collect data
prospectively, include data on prior or ongoing
use of conventional and biological agents, and are
multicentre and generalizable. The Persistence in
Australian National IBD Cohort (PANIC) is a

large real-world national population-based regis-
try with 8219 patient-years of follow-up, in which
biological agents were fully funded without stipu-
lated hierarchical prescribing order.!3> Hence, this
database allows for an objective comparison of
persistence between biological agents.

The primary aim of this population-based pro-
spective study was to compare the persistence of
IFX and VED as first- and second-line therapies,
including second-line IFX following VED failure
versus first-line IFX use. Factors affecting the per-
sistence of these biological agents were examined.

Methods

Study population

Consecutive adult subjects (aged =18years) pre-
scribed IFX or VED for the treatment of moder-
ate-to-severe UC were included. The diagnosis of
moderate-to-severe UC had to be definite using
the Copenhagen diagnostic criterial* and we
excluded biological agents prescribed to treat
acute severe UC, Crohn’s disease or rheumato-
logical/dermatological indications.

Study design and data source

The Persistence Australian National IBD Cohort
(PANIC) study used prospective script data,
including co-therapy with immunomodulators,
collected from the Australian Pharmaceutical
Benefits Scheme (PBS) database from December
2014 to September 2019. The PBS subsidises
treatment with biological agents under the
National Health Act 1953. Patients with UC and
a partial Mayo score of =6 are provided biological
agents at no cost if they fail to achieve adequate
treatment response following a 3-month course of
mesalazine and either 3 months of thiopurine (or
shorter due to toxicity) or at least a 6-week course
of a corticosteroid.!> Following induction therapy,
demonstration of response to PBS subsidised
treatment must be conducted 6-monthly in order
to continuing maintenance treatment. The PBS
does not enforce hierarchical prescribing order so
there is no need to prescribe anti-TNFa agents or
biosimilars prior to VED. Script data were linked
to the patients’ unique Medicare number. Data
were analysed using a 10% random sample, which
is a standardised accepted strategy.l> PBS data
were acquired and collated by an independent
provider (Model Solutions, Australia) and

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

A Pudipeddi, Y Ko et al.

validated through a second provider to ensure
robustness of data. All analyses, however, were
performed by the researchers.

Study definitions

Persistence was defined as the duration of time
from initiation to discontinuation of biological
therapy for moderate-to-severe UC.!! Nonper-
sistence was defined as discontinuation of that
agent and represented objectively as a switch in or
out of biological class or complete cessation.
Persistence rate was the proportion of patients
who continued on a biological agent at a particu-
lar time point. Immunomodulator co-therapy was
defined as the concurrent use of a thiopurine or
methotrexate during the period of biological
agent use.

Sample size calculation

Sample size calculation was based on results from
a retrospective real-world study that found a per-
sistence rate of 78% for VED patients and 64%
for IFX patients with IBD at 24 months.!®
Assuming a two-sided alpha of 0.05 and a power
of 80%, a total of 249 IFX and 166 VED patients
would be required at a ratio of three IFX patients
to every two VED patients. The 3:2 ratio of
IFX:VED was based on PBS biological agent pre-
scription use for UC in Australia.l”

Study outcomes, propensity score matching and
statistical analysis

Baseline characteristics of continuous variables
were described as medians with interquartile
ranges (IQR). Categorical variables were described
as percentages. Outcomes comparing the persis-
tence of first-line and second-line IFX and VED
were analysed using unadjusted Kaplan—Meier
survival curves and statistically significant differ-
ences in persistence were identified using the log-
rank test. Cox proportional hazard regression was
used to identify factors affecting persistence,
adjusting for covariates and described as hazard
ratios (HR) and 95% confidence intervals (CI).
Secondary outcomes included comparing the per-
sistence rates between each biological agent at 12,
24, 36 and 48 months using chi-square testing.
We also analysed the persistence of first-line IFX
and VED stratified by immunomodulator co-ther-
apy using unadjusted Kaplan—-Meier survival
curves and log-rank testing. Propensity score

matching was also performed in first-line therapy
comparisons to control for age and gender as pos-
sible confounders of medication persistence.
Using the propensity scores, first-line VED
patients were matched with first-line IFX patients
using a 1:1 matching algorithm, with a proximity
calliper of 0.1. A p value of <0.05 was considered
statistically significant. Bonferroni correction was
applied in the setting of multiple comparisons
during analysis of persistence rates. Statistical
analysis was performed using IBM SPSS software
version 27.0 (SPSS Inc., Chicago, IL, USA).

Ethics approval

The study was approved by the Services Australia
External Request Evaluation Ethics Committee
with approval number RMS1531. The report-
ing of this study conforms to the Strengthening
the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.!8

Results

Study population and baseline characteristics

In total, 420 patients were prescribed either IFX
(251 patients) or VED (169 patients) as a first-
line biological agent for moderate-to-severe UC,
equating to 774 person-years of follow-up. Males
comprised 54.2% (136/251) of the IFX group
and 49.7% (84/169) of the VED group (p=0.38).
The median age of the VED group (44.0years,
IQR: 33.0-56.0) was older than the IFX group
(37.0years, IQR: 28.0-54.0, p=0.003). The
baseline characteristics of the study population
are shown in Table 1.

Figure 1 illustrates the PBS prescription of IFX
and VED as first-line and second-line biological
agents. From the 251 patients who used IFX as a
first-line biological agent, 53 used VED as a sec-
ond-line biological agent (IFX—VED group).
From the 169 patients who used VED as a first-
line biological agent, 22 used IFX as a second-
line biological agent (VED—IFX group). The
baseline characteristics of the IFX—VED and
VED—IFX groups are shown in Table 2. The
median ages of the IFX—-VED and VED—IFX
groups were 38.0years (IQR: 28.5-55.0) and
41.5years (IQR: 29.5-58.8), respectively
(»=0.30). About 67.9% (36/53) of the IFX—>VED
group were treated with immunomodulator co-
therapy during first-line biological agent use,
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Table 1. Baseline characteristics of moderate-to-severe UC patients using first-line and second-line

infliximab or vedolizumab.

Biological agent Infliximab Vedolizumab p-value
n = 251 n = 169
Male, n (%) 136 (54.2%) 84 (49.7%) 0.38

Median age, years (IQR)
Immunomodulator co-therapy, n (%)
Thiopurine, n (%)

Methotrexate, n (%)

Time on combination therapy between biological
agent and immunomodulator, months (IQR)

37.0(28.0-54.0] 44.0 (33.0-56.0) 0.003

160 (63.7%) 80 (47.3%) 0.001
145 (57.8%) 75 (44.4%) 0.01
21 (8.4%) 7 (4.1%) 0.09
17.3 (5.1-27.6) 13.3(3.6-17.5) 0.03

IQR, interquartile range; UC, ulcerative colitis.

Patients prescribed a biological agent
for moderate-severe UC using PBS
n =823

/

Patients prescribed
infliximab for
moderate-severe UC
n=323

Immunomodulator co-therapy

\

L

\,

\L

Patients prescribed
vedolizumab for
moderate-severe UC
n =266

v

first-line infliximab for

Patients prescribed Patients prescribed
first-line infliximab for | 160/251 80/169 | first-line vedolizumab
moderate-severe UC (64.7%) (47.3%) | for moderate-severe UC
n=251 n=169
A
Patients prescribed Immunomodulator co-therapy Patients prescribed

first-line vedolizumab

moderate-severe UC
and then used 28/53
vedolizumab as 1 (52.8%)

second-line biological
agent
n=53

for moderate-severe UC
11/22 and then used
(50.0%) infliximab as second-
line biological agent
n=22

Figure 1. Flow diagram of infliximab and vedolizumab choice in moderate-to-severe UC from PBS.

compared with 36.4% (8/22) of the VED—IFX
group (p=0.01). About 52.8% (28/53) of the
IFX—-VED group were treated with immu-
nomodulator co-therapy during second-line bio-
logical agent use, compared with 50.0% (11/22)
of the VED—IFX group (p=0.82).

Persistence of infliximab and vedolizumab

as first-line biological agents in
moderate-to-severe UC

VED had a significantly longer persistence than
IFX when used as a first-line biological agent in
moderate-to-severe UC [>50.2months  versus
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Table 2. Baseline characteristics of moderate-to-severe UC patients using second-line vedolizumab or
infliximab (IFX—VED and VED—IFX groups, respectively).

Biological agent IFX—VED VED—IFX p-value
n =53 n =22

Male, n (%) 32 (60.4%) 14 (63.6%) 0.79

Median age, years (IQR) 38.0(28.5 - 55.0) 41.5(29.5 - 58.8) 0.30
First-line immunomodulator co-therapy 36 (67.9%) 8 (36.4%) 0.01
Second-line immunomodulator co-therapy 28 (52.8%]) 11 (50.0%) 0.82

IFX, infliximab; IQR, interquartile range; UC, ulcerative colitis; VED, vedolizumab.

27.6months (95%CI:  18.7-36.6), p=0.004] biological agent (>50.2 months versus

(Figure 2). VED use was associated with a 43%
lower risk of nonpersistence than IFX (HR: 0.57,
95% CI: 0.41-0.80,p=0.001) (Table 3). Persistence
rates and their 95% ClIs at 12, 24, 36 and 48 months
are reported in Figure 2. Immunomodulator co-
therapy use was higher in the IFX group (63.7%,
160/251) than the VED group (47.3%, 80/169;
»=0.001) and was associated with a 44% lower risk
of nonpersistence of first-line biological therapy
(HR: 0.56, 95% CI: 0.42-0.77, p<<0.001).

Using propensity score matching, 169 IFX
patients were matched with 169 VED patients
using age and gender as covariates. VED had a
significant longer persistence than IFX as a first-
line biological agent (>50.2months wversus
22.2months, p=0.001) (Figure 3).

Persistence of infliximab and vedolizumab

as second-line biological agents in
moderate-to-severe UC

There was no significant difference between the
persistence of second-line IFX in the VED—IFX
group wersus second-line VED wuse in the
IFX—-VED group (>38.6months  versus
32.0months, p=0.37, Figure 4). However, there
were numerically higher persistence rates with sec-
ond-line IFX in the VED—IFX group compared
with second-line VED in the IFX—VED group at
12 and 24 months (Figure 4). No significant predic-
tors of nonpersistence were identified (Table 3).

Persistence comparison between first-line
vedolizumab and second-line vedolizumab
First-line VED use had a significantly longer per-
sistence than when used as a second-line

32.0months, p=0.03, Figure 5). First-line VED
use was associated with a 44% lower risk of non-
persistence compared with second-line VED use
(HR: 0.56, 95% CI: 0.34-0.92, p»=0.02).
Persistence rates at 12, 24 and 36 months between
first-line VED and second-line VED are shown in
Figure 5. Immunomodulator co-therapy occurred
in 47.3% (80/169) of the first-line VED group
versus 52.8% (28/53, p=0.49) of the second-line
VED group, and was associated with a 45% lower
risk of nonpersistence of VED therapy (HR: 0.55,
95% CI: 0.33-0.89, p=0.02).

Persistence comparison between first-line
infliximab and second-line infliximab

There was no significant difference between first-
line IFX and second-line IFX persistence
[27.6months (95% CI: 18.7-36.6) wer-
sus >38.6months, p=0.30, Figure 6]. The use of
IFX as a first- versus second-line agent did not
significantly predict for nonpersistence (HR:
1.49, 95%CI 0.61-3.67, »=0.39). Immu-
nomodulator co-therapy occurred in 64.7%
(160/251) of the first-line IFX group wversus 50.0%
(11/22, p=0.20) of the second-line IFX group
and was associated with a 37% lower risk of non-
persistence of IFX therapy (HR: 0.63, 95% CI:
0.44-0.92, p=0.02).

Persistence of infliximab and vedolizumab
stratified by immunomodulator use

First-line IFX and first-line VED had a signifi-
cantly longer persistence when used in combina-
tion with an immunomodulator compared with
monotherapy [36.0 months (95% CI: 22.4-49.8)
versus 17.9 months (95% CI: 8.8-26.9), p=0.003
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Figure 2. Kaplan-Meier curve for persistence of first-line infliximab and vedolizumab in moderate-to-severe

uc.

for IFX group; > 50.2 months versus 40.8 months
(95% CI: 10.3-71.3), p=0.02 for VED group,
Figures 7 and 8]. There was no significant differ-
ence in persistence between second-line IFX
(p=0.95) and VED (p=0.30) when stratified
by immunomodulator co-therapy (Figures 9
and 10).

Discussion

In this large population-based prospective regis-
try providing 774 patient-years of real-world fol-
low-up, the persistence of VED was significantly
longer than IFX as a first-line biological agent in
moderate-to-severe UC. Persistence of second-
line IFX after VED exposure was not significantly
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Table 3. Predictors of medication nonpersistence.

HR (95% CI) p-value
First-line biological therapy of vedolizumab and infliximab
Female versus male gender 1.03 (0.76-1.39) 0.84
Age 1.00 (0.99-1.01) 0.67
VED versus IFX 0.57 (0.41-0.80) 0.001
Immunomodulator co-therapy 0.56 (0.42-0.77) <0.001

Second-line biological therapy of infliximab (VED—IFX group) and vedolizumab (IFX—VED) group

Female versus male gender
Age
VED versus IFX

Immunomodulator co-therapy

Vedolizumab use as a first-line or second-line biological therapy

Female versus male gender
Age
First-line VED versus second-line VED

Immunomodulator co-therapy

Infliximab use as a first-line or second-Lline biological therapy

Female versus male gender
Age
First-line IFX versus second-line IFX

Immunomodulator co-therapy

0.61(0.25-1.49) 0.28
0.98(0.96-1.01) 0.34
1.66 (0.63-4.40) 0.31
0.66 (0.30-1.47) 0.31
0.85 (0.52-1.39) 0.51
1.00 (0.98-1.01) 0.59
0.56 (0.34-0.92) 0.02
0.55 (0.33-0.89) 0.02
0.86 (0.59-1.25) 0.43
1.00 (0.99-1.01) 0.90
1.49 (0.61-3.67) 0.39
0.63(0.44-0.92) 0.02

Cl, confidence interval; HR, hazard ratio; IFX, infliximab; VED, vedolizumab.

impaired when compared against second-line
VED after IFX exposure. First-line VED persis-
tence had significantly longer persistence than
second-line VED. There was no significant differ-
ence in persistence between first-line IFX and
second-line IFX. These data support the use of
VED as first-line biological treatment in moder-
ate-to-severe UC given the longer persistence
when used first-line and the decline in persistence
when used second-line. Conversely, IFX persis-
tence when used as a second-line agent after
switch from VED was not impaired.

There is a lack of data on the long-term effective-
ness of biological agents in UC, and persistence

data provide an indirect approach for assessing the
long-term therapeutic benefit and safety of thera-
pies.!® The VARSITY (An Efficacy and Safety
Study of Vedolizumab Intravenous [IV] Compared
to Adalimumab Subcutaneous [SC] in Participants
With Ulcerative Colitis) study recently demon-
strated that VED was superior to adalimumab in
achieving clinical remission and endoscopic
improvement; however, there are no direct com-
parisons between IFX and VED.!2 In the absence
of head-to-head comparisons between IFX and
VED, real-world persistence data act as a surrogate
marker for treatment efficacy, safety and accepta-
bility by patients and physicians.!® Our results
demonstrate significantly greater persistence of
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Figure 3. Kaplan-Meier curve for persistence of first-line infliximab and vedolizumab in moderate-to-severe

UC using propensity score matching.

first-line VED over first-line IFX in both short
term (12 months) and long term (24, 36 and 48
months) (Figure 2). The results from this PANIC
study are supported by a retrospective study which
also demonstrated that VED had higher persis-
tence rates than IFX in biological-naive IBD
patients.!® The addition of propensity score match-
ing was relevant due to the significant increased
age of VED subjects compared with IFX in the
PANIC registry. We previously demonstrated the
increasing age of IBD subjects in developed coun-
tries! and for age to be a significant determinant in

the deciding a biological agent in IBD.2° Therefore,
propensity score matching was performed to
reduce the selection bias associated with older age
and the risk of adverse effects.?!

Consistent with other studies,”® we found VED
had significantly longer persistence when used as
a first-line agent versus second-line use following
IFX failure. To our knowledge, however, there
are no data comparing second-line biological
agents in IFX—-VED with VED—IFX sequences.
There is a need to explore the correct positioning
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Figure 4. Kaplan-Meier curve for persistence of second-line infliximab and vedolizumab in VED — IFX and IFX

— VED groups, respectively.

of biological agents, as less than half of all UC
patients continue their first-line biological agent
after 1 year.1® The persistence of second-line IFX
(after VED exposure) of 65.5% (95% CI: 59.6—
71.4%) compared against second-line VED of
46.2% (95% CI: 38.7-53.7%) at 36months
(p=0.15, Figure 3) suggests a trend of IFX being
a better second-line agent than VED. There have

been no studies that evaluated persistence up to 3
years previously with others limited to only 6
months of follow-up.2%23 The persistence of IFX
was not dissimilar when used first-line or second-
line following VED.

First-line VED use did not impair the effective-
ness of second-line IFX use, as supported by the
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Figure 5. Kaplan-Meier curve for persistence of first-line vedolizumab compared with second-line

vedolizumab in moderate-to-severe UC.

EVOLVE study which also found that anti-TNF
effectiveness may not be compromised by prior
VED exposure.?* However, our study found that
IFX therapy impaired subsequent VED persis-
tence.”»® A possible explanation is a pharmacoki-
netic impact of prior IFX exposure on VED
trough levels, with one study noting lower VED
trough levels at week 6 compared with biologi-
cal-naive patients (22.5 wersus 36.0ug/ml,

$»=0.03).25 Previous research has also demon-
strated that MAdCAM-1 is downregulated by
TNFa blockade, so prior IFX-exposed patients
may need higher doses of vedolizumab to bind a
higher target burden.?¢ These detectable biologi-
cal changes, therefore, support VED to be used
as first-line biological agent in moderate-to-
severe UC, followed by IFX as a second-line
agent.
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Figure 6. Kaplan-Meier curve for persistence of first-line infliximab compared with second-line infliximab in

moderate-to-severe UC.

Immunomodulator use improved the persistence of
first-line IFX and first-line VED. Immunomodulator
co-therapy is known to reduce immunogenicity and
improve the persistence and effectiveness of IFX.13
However, the benefit of combination immunother-
apy with VED is less clear. This is the first study to
demonstrate the increased persistence of first-line
VED when combined with immunomodulators
through the use of prospectively collected data for

immunomodulators in our PANIC registry. We
found larger differences in persistence rates between
combination VED and immunomodulator co-ther-
apy wversus VED monotherapy after 12 months of
VED use (Figure 8), suggesting a greater benefit
with long-term follow-up. Other studies suggest a
lack of advantage of combination therapy versus
monotherapy but were limited to 6-12 months
of data and may not have verified ongoing
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Figure 7. Kaplan-Meier curve for persistence of first-line infliximab stratified by immunomodulator co-

therapy in moderate-to-severe UC.

immunomodulator use.?’” The smaller sample size
of the EVOLVE study (22 patients in the combina-
tion group) identified numerically higher persis-
tence in the combination group at 18 and 24
months but might be underpowered to demon-
strate statistical significance.?8 It is possible that
newer monoclonal antibodies, although less immu-
nogenic than older anti-TNFo agents, are still
complex glycoproteins that may result in the even-
tual development of antibodies. Additive anti-
inflammatory effects of immunomodulators with
VED are also possible. A prospective study

primarily focusing on the benefits of combination
therapy with VED is recommended.

This study has limitations. First, this study was
not a randomised controlled trial controlling for
patient characteristics and disease severity.
However, there is no proposed randomised con-
trolled trial of IFX wersus VED currently planned,
and it would not be possible to include a suffi-
cient sample size and follow-up duration to be
able to follow-up those that require switching to a
second-line treatment. Real-world evidence with
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Figure 8. Kaplan-Meier curve for persistence of first-line vedolizumab stratified by immunomodulator

co-therapy in moderate-to-severe UC.

sufficient patient-years of follow-up may address
these data gaps. Second, the clinical, biochemi-
cal, and endoscopic outcomes are not known.
Although patients with acute severe UC were
excluded, it is possible that patients were pre-
scribed IFX as they had a more severe phenotype,
hence biasing the results. However, as only expe-
rienced gastroenterologists prescribe these agents
in Australia, it is expected that relevant clinical
information would be incorporated into any deci-
sion to continue or discontinue treatment. The
population-based database also means data are
not limited to specialised centres so that data can

be generalised. Third, data on therapeutic drug
monitoring and corticosteroid use are unknown.
However, current conventional practice allows
for treatment escalation of IFX and VED to be
provided under compassionate access at no cost
to the hospitals or subjects so it is likely that dose
optimisation is performed prior to treatment
switching. Whereas clinical trials might deem
such dose escalations as treatment failure on
intention-to-treat, persistence data allow these
subjects to be included and provide a more realis-
tic comparison of treatment efficacy. Ideally, cor-
recting for clinical characteristics beyond age in
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Figure 9. Kaplan-Meier curve for persistence of second-line infliximab stratified by immunomodulator

co-therapy in moderate-to-severe UC.
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Figure 10. Kaplan-Meier curve for persistence of second-line vedolizumab stratified by immunomodulator

co-therapy in moderate-to-severe UC.

propensity score matching might further reduce
bias in comparing subjects on VED wversus IFX.
However, age was the most important factor
identified previously!® and subjected to propen-
sity score matching. Also, there was a relatively
small number of patients in the second-line
groups which may impact on the results. However,
there is limited available data on second-line use
(particularly IFX) so our results will be beneficial.
Finally, only a randomly selected 10% of the pop-
ulation database could be used for analysis due to

national ethical criteria for data accessibility.
However, this was a random sampling without
selection bias and similar publications were
deemed robust given the large patient-years of
follow-up.2®

Strengths include the use of a large, national,
population-based study where biological agents
are prescribed without a hierarchical prescribing
order and are fully reimbursed indefinitely. All
subjects had verified Mayo scores of =6 which
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indicates consistency of disease severity. All data
were collected prospectively with clinical remis-
sion being an absolute requirement for ongoing
treatment. Whether treatment escalation was per-
formed or concurrent immunomodulator was
used was decided between the clinician and
patients consistent with real-world practice.
Furthermore, individual switches to other biolog-
ical agents and immunomodulator co-therapy are
prospectively recorded and long-term follow-up
data beyond 4 years is an advantage over clinical
trials that have relatively short durations of fol-
low-up. The population-based data also mean the
results are more generalizable. In the absence of
large head-to-head studies with long-term follow-
up, population-based persistence data can effec-
tively compare the efficacy of IFX versus VED.

Conclusion

In summary, the PANIC cohort with real-world
data set of nonhierarchical prescribing of biologi-
cal agents supports the use of VED over IFX as a
first-line biological agent in moderate-to-severe
UC. Following failure of VED, there is no impact
on IFX persistence when used second-line.
Immunomodulator treatment significantly
increases the persistence of VED, but further pro-
spective data are required to confirm this observa-
tion. Our findings will assist in the positioning of
biological therapies in moderate-to-severe UC.
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Abstract

BACKGROUND
Histological remission is increasingly accepted as a treatment endpoint in the
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management of ulcerative colitis (UC). However, the knowledge of histology guidelines and the
attitudes towards their use in clinical practice by gastroenterologists and pathologists is unknown.

AIM
To evaluate the knowledge of histology guidelines and attitudes towards the use of histology in
UC by gastroenterologists and pathologists.

METHODS

A prospective, cross-sectional nationwide survey of gastroenterologists and pathologists who
analyse UC specimens was conducted. The survey consisted of 34 questions to assess gastroentero-
logists” and pathologists” knowledge (score out of 19) and attitudes towards histological
assessment in UC. Survey questions were formulated using the European Crohn’s and Colitis
position paper on histopathology and the British Society of Gastroenterology biopsy reporting
guidelines. It included knowledge of histological assessment of disease activity and dysplasia,
knowledge of histological scoring systems for ulcerative colitis, uptake of histology scoring
systems in routine practice, attitudes towards the role of histological activity, and the use of
histological activity in clinical scenarios.

RESULTS

Of 89 responders (77 gastroenterologists, 12 pathologists), there was almost universal acceptance
that histological assessment should form part of UC evaluation [95% gastroenterologists, 92%
pathologists]. However, gastroenterologists reported that 92% of their pathologists do not use a
histological scoring system. Utilisation of a formal histological scoring system was preferred by
77% of gastroenterologists and 58% of pathologists. Both groups lacked awareness of the Geboes
Score, Nancy Index and Robarts Histopathological Index scoring systems with 91%, 87%, and 92%
of gastroenterologists respectively; and 83%, 83%, and 92% pathologists respectively, being
uncertain of scoring systems’ remission definitions. Histology knowledge score was not
significantly different between gastroenterologists and pathologists [9/19 (IQR: 8-11) vs 8/19 (IQR:
7-10), P = 0.54]. Higher knowledge scores were predicted by hospital attending gastroenterologists
(P =0.004), participation in inflammatory bowel disease (IBD) multidisciplinary teams (P = 0.009),
and self-declared IBD sub-specialist (P = 0.03).

CONCLUSION
Histological remission is a recognised target for both gastroenterologists and pathologists. Despite
this, knowledge of histological scoring systems and their utilisation is poor.

Key Words: Histology; Scoring system; Ulcerative colitis; Survey

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This manuscript describes, for the first time, the knowledge and attitudes of gastroenterologists
and pathologists towards the use of histology in clinical practice. Given the increasing literature and use of
histology in trials, there is a need to understand the current perceptions of using histology in the real-
world. Using a novel Inflammatory Bowel Disease Knowledge score, we demonstrate that although
histology is an accepted endpoint, knowledge is poor, particularly relating to histological scoring systems.
As such, these results illustrate a pressing need and opportunity to improve knowledge around histology
scores amongst gastroenterologists and pathologists and develop consensus agreements on a reporting
approach.

Citation: Pudipeddi A, Fung C, Christensen B, Bryant RV, Subramaniam K, Chetwood J, Paramsothy S, Leong
RW. Knowledge and attitudes towards the use of histological assessments in ulcerative colitis by
gastroenterologists vs pathologists. World J Gastroenterol 2023; 29(2): 378-389

URL: https://www.wjgnet.com/1007-9327/full/v29/i2/378.htm

DOI: https://dx.doi.org/10.3748/wjg.v29.i2.378

INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory disease characterised by a relapsing and remitting
course[1]. Disease activity is typically evaluated using clinical, biochemical and endoscopic assessments.
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Treatment goals have evolved over time, and current consensus guidelines from the Selecting
Therapeutic Targets in Inflammatory Bowel Disease initiative (STRIDE-II) recommend achieving clinical
and endoscopic remission[2]. However, up to 40% of patients who achieve these therapeutic endpoints
may have persistent histological inflammatory activity[3,4].

Despite endoscopic normalization, ongoing active histological activity may be associated with poorer
clinical outcomes including higher clinical relapse rates, corticosteroid requirement, hospitalization,
colectomy and development of colorectal neoplasia[3-7]. Although histological remission is currently
not a formal treatment target by consensus expert-opinion, STRIDE-II guidelines do recommend that
formal histological assessment take place to determine the depth of remission and help prognosticate
patient outcomes. Further, it is increasingly incorporated into clinical drug trials, with central reading to
reduce bias, to provide objective scoring of inflammatory activity[2]. Standardized histological scoring
systems with varying levels of validity have been developed to quantify the degree of microscopic
inflammatory activity and provide a more accurate assessment of mucosal inflammation[8-12]. The
three most commonly used are the Geboes score, Nancy index and Robarts histopathology index due to
evidence of their content validity and reliability in evaluating histological features[13].

Although accepted in modern clinical drug trials and research settings, histological disease activity
and scoring systems have not been incorporated in routine clinical practice. It is not known whether
gastroenterologists understand these scoring systems or if they welcome their incorporation into routine
clinical care. Achieving consensus in a formal reporting scoring system will require agreement by
pathologists, but their knowledge of these scoring systems and willingness to use them is also
unknown. Many pathologists use written descriptions of UC activity in their reports. Whether this
translates to a numerical value, if they favour a particular scoring system, or their attitude towards
synaptic reporting of histological activity, is not known. This cross-sectional survey study evaluated
gastroenterologist and pathologist knowledge of histological findings and scoring systems, together
with their attitudes towards the role of histology in UC management. We hypothesised that based on
their dedicated training, knowledge of histological scoring systems would be significantly higher in
pathologists than gastroenterologists.

MATERIALS AND METHODS
Study cohort

This was a prospective cross-sectional survey of Australian gastroenterologists and pathologists from
July 2021 to January 2022. Gastroenterologists were contacted by proxy through the Gastroenterological
Society of Australia, and pathologists who review UC specimens were contacted by their associated
gastroenterologists to participate in the survey.

Survey questionnaire and inflammatory bowel disease histology knowledge score

A survey was developed to explore the knowledge and attitudes towards the use of histology in inflam-
matory bowel disease (IBD) for both gastroenterologists and pathologists. The European Crohn’s and
Colitis Organisation (ECCO) position paper on histopathology and the British Society of Gastroen-
terology (BSG) biopsy reporting guidelines were utilised to formulate questions and quantify
knowledge[14,15]. The structured survey was designed by a focus group of three gastroenterologists
and comprised of 34 questions. It included knowledge of histological assessment of disease activity and
dysplasia, knowledge of histological scoring systems for ulcerative colitis, uptake of histology scoring
systems in routine practice, attitudes towards the role of histological activity, and the use of histological
activity in clinical scenarios (Supplementary Data 1). Questionnaire language and ambiguity were
evaluated by the focus group. A novel IBD Histology Knowledge Score was created that was derived
from the survey as a tool to measure overall performance and tested for construct validity and
discriminant ability (Supplementary Table 1). The IBD Histology Knowledge Score was calculated as the
sum of correct responses to survey questions that aligned with the ECCO position paper on
histopathology and the BSG reporting guidelines on IBD biopsies[14,15]. The maximum possible score
was nineteen. For construct validity, a high-performance score had to represent a good understanding
of histological findings. During the development phase, the survey was administered to senior gastroen-
terologists and pathologists not directly involved in designing the study, and they were deemed as
criterion standards. The survey was then administered to gastroenterology fellows, junior resident
medical officers and non-medical staff. Senior staff scored significantly higher (P = 0.001) than junior
doctors, establishing content validity. Discriminant validity compared the knowledge scores of those
who followed published guidelines vs those who did not.

Statistical analysis

The IBD Histology Knowledge Score was analysed as a non-parametric continuous variable, described
as medians with interquartile ranges and compared using Mann-Whitney U-test and Kruskal-Wallis
test. Parametric continuous variables were described as means and compared using the ¢-test and
ANOVA test. Predictors of the IBD histology knowledge score were determined using linear regression

WJG | https://www.wjgnet.com 380 January 14,2023 | Volume29 | Issue2 |


https://f6publishing.blob.core.windows.net/a7cbeb2d-18ab-4739-8b02-ed2bae4b9f87/WJG-29-378-supplementary-material.pdf

Jaishideng®

Pudipeddi A et al. Survey on UC histology knowledge

with backward elimination regression modelling. A P-value of < 0.05 was deemed statistically
significant. Statistical analyses were performed with SPSS version 27 (SPSS Inc, Chicago, IL, United
States).

Ethics approval

The study was approved by the Sydney Local Health District Human Research Ethics Committee
(HREC CH62/6/2021-055).

RESULTS
Study cohort

A total of 89 responses were obtained, comprising 77 gastroenterologists and 12 pathologists. The
response rate for gastroenterologists was 25% (n = 77/310). Subspecialty breakdown of gastroentero-
logists is shown in Figure 1. Gastroenterologists listed their predominant work as 31% public hospital
staff specialists, 30% private practice, 21% trainee gastroenterologists, 17% visiting medical officers and
1% research-based gastroenterologist. Ninety-four percent of respondents saw > 2 IBD patients each
week and 30% saw > 10 patients each week. Forty-five percent of gastroenterologists were involved in a
regular IBD multidisciplinary team. Full study cohort characteristics are shown in Table 1.

Of the 12 surveyed pathologists, 83% worked in tertiary teaching hospitals and 17% were solely in
private practice. Half of all pathologists were involved in regular IBD multidisciplinary meetings. Full
study cohort characteristics are shown in Table 1.

Attitudes towards histology and scoring systems in UC

Histological activity was considered to have an ‘emerging’ or “established” role in UC by 40% and 55%
of gastroenterologists respectively. Proportions for pathologists were 33% and 58% respectively.
Histological remission was considered more important to achieve than endoscopic remission by 65% of
gastroenterologists (‘somewhat agree” and ‘agree’) (Table 2).

The proportion of gastroenterologists who want to use a histological scoring system at least
‘sometimes’ or “always’ was 59%, and 50% for pathologists. Gastroenterologists reported that 92% of
their pathologists do not routinely use a histological scoring system, whilst 83% pathologists report not
routinely using a scoring system. More than half of gastroenterologists (64%) and pathologists (58%) did
not know which scoring systems had undergone the most validation (Table 2).

For the Geboes score, 91% of gastroenterologists and 83% of pathologists did not know the defined
histological remission score of ‘< 2.1'[14]. For the Nancy index, 87% of gastroenterologists and 83% of
pathologists did not know the defined histological remission score of ‘0’[14]. For the Robarts
histopathology index (RHI), 92% of gastroenterologists and pathologists did not know the defined
histological remission score of ‘< 3’[14] (Table 2 and Figure 2).

Impact of histological activity on treatment decisions in clinical scenarios

The impact of histological disease activity on gastroenterologists” decisions to escalate treatment or de-
escalate in particular scenarios is summarized in Table 3. In the setting of clinical and endoscopic
remission, but histological activity alone, 10% of gastroenterologists would escalate therapy (‘often” or
‘always’). When combined with an elevated faecal calprotectin, 30% of gastroenterologists would
escalate treatment. A greater proportion of gastroenterologists would de-escalate treatment if two
consecutive colonoscopies showed endoscopic and histological remission, compared with a single
episode of endoscopic and histological remission (53% vs 19% respectively). A greater proportion of
gastroenterologists would aim for histological remission if a patient with UC had other risk factors for
colon cancer (71%).

IBD histology knowledge score

Gastroenterologists and pathologists had similar IBD histology knowledge scores [8.0 (IQR: 6.5-10.0) vs
9.0 (IQR: 7.8-11.0), P = 0.54] (Table 4). Within gastroenterologists, IBD sub-specialists had higher
knowledge scores compared with other gastroenterologists [10.5 (IQR: 7.3-14) vs 9.0 (IQR: 7.8-10.0), P =
0.02] (Figure 3A). Public hospital staff specialists had higher knowledge scores than visiting medical
officers [11.0 (IQR: 9.0-13.0) vs 8.0 (IQR: 8.0-9.0), P = 0.003] and those in private practice [11.0 (IQR: 9.0-
13.0) vs 8.0 (IQR: 6.3-9.8), P = 0.002] (Figure 3B). Gastroenterologists with a PhD had higher knowledge
scores than those whose highest level of education was a bachelor degree [11.0 (IQR: 7.0-14.0) vs 9.0
(IQR: 8.0-10.0), P = 0.01] (Figure 3C). Involvement in an IBD multidisciplinary team was associated with
a higher knowledge score [9.5 (IQR: 8.0-11.0) vs 8.0 (IQR: 6.0-10.0), P = 0.002] (Figure 3D).

On univariate analysis, subspecialty type (P = 0.005), predominant practice (p=0.004), involvement in
an IBD multidisciplinary team (P = 0.002) and a higher level of education (P = 0.02) were all significantly
associated with higher IBD histology knowledge scores (Table 5). On multivariate analysis, subspecialty
type (P = 0.03), predominant practice (P = 0.005) and involvement in an IBD multidisciplinary team (P =
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Table 1 Demographics and study cohort characteristics, n (%)

Gastroenterologists (n = 77) Pathologists (n = 12)
Age (yr)
<30 4(5.2) 0(0.0)
30-40 30 (39.0) 1(8.3)
41-50 15 (19.5) 4(33.3)
51-60 19 (24.7) 4(33.3)
> 60 9 (11.7) 3 (25.0)
Location
New South Wales 46 (59.7) 8 (66.7)
Victoria 11 (14.3) 2 (16.7)
Queensland 11 (14.3) 2 (16.7)
Western Australia 8(10.4) 0 (0.0)
Australian Capital Territory 1(1.3) 0 (0.0)
Highest level of education
Bachelor of medicine/bachelor of surgery 51 (66.2) 11 (91.7)
Masters 10 (13.0) 0 (0.0)
PhD 16 (20.8) 1(8.3)
What is your predominant practice
Staff specialist 24 (31.2) 10 (83.3)
University academic work 1(1.3) 0 (0.0)
Visiting medical officer 13 (16.9) 0(0.0)
Private practice 23 (29.9) 2 (16.7)
In training program 16 (20.8) 0(0.0)
How many IBD patients do you see each week
0-1 5 (6.5) N/A
2-5 31 (40.3) N/A
6-10 18 (23.4) N/A
>10 23 (29.9) N/A
Involved in regular IBD multidisciplinary meeting
Yes 35 (45.5) 6 (50.0)
No 42 (54.5) 6 (50.0)

IBD: Inflammatory bowel disease; N/A: Not applicable.

0.009) remained significant predictors for higher IBD histology knowledge scores (Table 5).

DISCUSSION

Therapeutic goals in UC have evolved from achieving clinical response to attaining objective targets of
resolution of inflammation beyond symptoms such as biochemical and endoscopic remission. However,
histological remission outside of the research setting has yet to be adopted by gastroenterologists and
pathologists. Our study revealed firstly that histological activity is a recognised treatment goal for
gastroenterologists who wish to use histology results in combination with other endpoints to guide
management decisions. Secondly and conversely, despite this awareness and use of histology, there is a
poor knowledge of histological scoring systems in UC not only by gastroenterologists, but by
pathologists as well. As such there is an opportunity to develop consensus guidelines incorporating
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Table 2 Attitudes towards histology and histological scoring systems, n (%
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Gastroenterologists (n = Pathologists (n =
77) 12)
The role of histological activity in IBD is
Not established 3(3.9) 1(8.3)
Preliminary 1(1.3) 0(0.0)
Emerging 31 (40.3) 4 (33.3)
Established 42 (54.5) 7 (58.3)
Histological remission is more important to achieve than endoscopic remission
Disagree 4(5.2) N/A
Somewhat disagree 13 (16.9) N/A
Neither agree nor disagree 10 (13.0) N/A
Somewhat agree 36 (46.8) N/A
Agree 14 (18.2) N/A
What histological scoring system does your pathologist routinely or frequently use in their
reports
Geboes 2 (2.6) 0 (0.0)
Nancy index 3(3.9) 1(8.3)
RHI 1(1.3) 0(0.0)
They do not routinely use a scoring system 71 (92.2) 10 (83.3)
Other IBD-DCA score (1 = 1)
I would like to use a histological scoring system for my IBD patients
Never 8 (10.4) 4 (33.3)
Rarely 10 (13.0) 1(8.3)
Occasionally 14 (18.2) 1(8.3)
Sometimes 23 (29.9) 3(25.0)
Always 22 (28.6) 3 (25.0)
Which scoring systems have undergone the most validation
Modified Riley score 1(1.3) 1(8.3)
Geboes score 13 (16.9) 3(25.0)
Nancy index 20 (26.0) 5(41.7)
RHI 9(11.7) 3 (25.0)
Truelove and Richards score 5 (6.5) 0 (0.0)
Not sure 49 (63.6) 7 (58.3)
What Geboes score is considered histological remission
<11 2(2.6) 1(8.3)
<21 7(9.1) 2 (16.7)
<31 4(5.2) 0(0.0)
<41 1(1.3) 0(0.0)
Not sure 63 (81.8) 9 (75.0)
What Nancy index is considered histological remission
0 10 (13.0) 2 (16.7)
<1 4(5.2) 3 (25.0)
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<2 0 (0.0 0(0.0)
<3 0(0.0) 0(0.0)
Not sure 63 (81.8) 7 (58.3)

What Robarts histopathology index is considered histological remission

<2 4(52) 1(8.3)
<3 6(7.8) 1(8.3)
<4 0(0.0) 0(0.0)
<5 0(0.0) 1(8.3)
Not sure 67 (87.0) 9 (75.0)

RHI: Robarts histopathology index; IBD: Inflammatory bowel disease; N/ A: Not applicable.

Table 3 Impact of histological disease activity on treatment management in clinical scenarios, n (%)

q Not .

Scenario Never Sometimes Often Always
often

If a patient is in clinical and endoscopic remission, but has histological activity, then I will escalate 14 35 (45.5) 20 (26.0) 5(6.5) 3(3.9)
medical therapy (18.2)
If a patient is in clinical and endoscopic remission, but has an elevated faecal calprotectin (> 100 4(5.2) 18(23.4) 31 (40.3) 19 5 (6.5)
pg/g) and histological activity, then I will escalate medical therapy (24.7)
If a patient is in clinical, endoscopic and histological remission, (but prior colonoscopy showed 7(9.1) 19(24.7) 36 (46.8) 15 0(0.0)
Mayo 1 endoscopic disease), then I will de-escalate medical therapy (19.5)
If a patient is in clinical remission, with their last 2 colonoscopies showing endoscopic and 2(26) 2(2.6) 31 (40.3) 38 4(5.2)
histological remission, then I will de-escalate medical therapy (49.4)
If a patient with ulcerative colitis has other risk factors for colon cancer, then I will aim to achieve ~ 0(0.0) 7 (9.1) 14 (18.2) 27 29 (37.7)
histological remission (35.1)

B General gastroenterologist, n = 32

B Inflammatory bowel disease subspecialist, n = 22

W Interventional endoscopist, n = 5

Hepatologist, n = 4

B Gastroenterology trainee, n = 14

DOI: 10.3748/wjg.v29.i2.378 Copyright ©The Author(s) 2023.

Figure 1 Subspeciality characteristics of gastroenterologists.

gastroenterologists and pathologists that are adopted by the respective societies to further this evolving
field.

Our study showed 95% of gastroenterologists believe histological activity plays a role in the
management of UC, with 76% wanting to use a histological scoring system in clinical practice. Further
evidence on the role of UC histological activity scores is required as only a small proportion of gastroen-
terologists currently make treatment decisions based solely on histological activity. In UC patients with
clinical and endoscopic remission but ongoing histological disease activity, 10% of gastroenterologists
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Table 4 Inflammatory bowel disease histology knowledge scores

Gastroenterologists (n = 77) Pathologists (n = 12)
IBD histology knowledge score [median (IQR)] 9.0 (7.8-11.0) 8.0 (6.5-10.0)
Type of subspecialist
General gastroenterologist 8.0 (7.0-9.0) N/A
IBD subspecialist 10.5 (7.3-14) N/A
Interventional endoscopist 9.0 (4.5-9.8) N/A
Hepatologist 10.5 (8.5-11) N/A
Gastroenterology trainee 8.5 (6.0-10.0) N/A
Predominant practice
Staff specialist 11.0 (9.0-13.0) N/A
Visiting medical officer 8.0 (8.0-9.0) N/A
Private practice 8.0 (6.3-9.8) N/A
In training program 8.5 (6.0-10.0) N/A
Highest level of education
Bachelor degree 9.0 (8.0-10.0) N/A
Masters 8.0 (7.0-11.0) N/A
PhD 11.0 (7.0-14.0) N/A
Involved in regular IBD multidisciplinary meeting 35 (45.5%) 6 (50.0%)
Yes 9.5 (8.0-11.0) N/A
No 8.0 (6.0-10.0) N/A

IQR: Interquartile range; N/ A: Not applicable; IBD: Inflammatory bowel disease.

Table 5 Significant predictors of inflammatory bowel disease histology knowledge score for gastroenterologists on univariate and

multivariate analyses

Univariate analysis P value Multivariate analysis P value
Type of subspecialty 0.005 0.03
Predominant practice 0.004 0.005
Involvement in IBD MDT 0.002 0.009
Highest level of education 0.02

IBD: Inflammatory bowel disease; MDT: Multidisciplinary team.

would escalate medical therapy. However, when histological activity coincides with elevated faecal
calprotectin, 30% were prepared to escalate treatment. These decisions match the current STRIDE-II
guidelines given that histological activity is not currently an accepted target, but shows that gastroenter-
ologists are prepared to include this endpoint as a treatment target[2]. Histological remission becomes
even more important if a patient with UC had other risk factors for colon cancer, with 72% prepared to
escalate treatment, given that histological activity increases the risk of colorectal neoplasia (odds ratio
3.0, 95%CI: 1.4-6.3)[5]. Therefore, when UC subjects have greater colonic disease extent, more prolonged
duration of UC, presence of primary sclerosing cholangitis, or presence of a family history of colorectal
cancer, gastroenterologists might escalate treatment in the presence of histological disease activity
irrespective of symptoms.

Despite the awareness of the importance of histology in UC, our survey demonstrated a lack of
knowledge of histological scoring systems by gastroenterologists. Clinical trials have used Nancy index,
RHI and the Geboes score but recent European Crohn’s and Colitis Organisation (ECCO) guidelines
recommended the use of the Nancy index and RHI for randomised clinical trials, and the Nancy index
for clinical practice given its ease of use[14]. Gastroenterologists did not know which scoring systems
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100 - I Gestroenterologists [ Histopathologists

Percentage (%)

Geboes

Percentage of
gastroentorologists 26 91 52 13 818 13 5.2 0 0 81.8 52 7.8 0 0 87
Percentage of 83 167 0 0 75 167 25 0 0 583 83 83 0 8.3 75

histopathologists

DOI: 10.3748/wjg.v29.i2.378 Copyright ©The Author(s) 2023.

Figure 2 Knowledge of histological remission definitions for scoring systems by gastroenterologists and pathologists. RHI: Robarts
histopathology index.
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Figure 3 Comparisons of inflammatory bowel disease histology knowledge score for gastroenterologists. A: Subspecialty type; B: Predominant
practice; C: Highest education level; and D: Involvement in inflammatory bowel disease multidisciplinary team. IBD: Inflammatory bowel disease; IQR: Interquartile
range; MDT: Multidisciplinary team.

had undergone the most validation, or were unaware of the histological remission scores for the Geboes
score (91%), Nancy index (87%) and RHI (92%). Despite the increasing interest and evolving role of
histological scoring systems in UC, there is an opportunity to educate gastroenterologists about these
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scoring systems and how to apply them in clinical practice. Predictors for higher knowledge included
employment as a public hospital staff specialist and involvement in an IBD multidisciplinary team. As
such, it is likely working in public hospitals within an IBD team would lead to increased exposure to the
understanding of common histological scoring systems in UC. Conversely, gastroenterologists working
in private practice would have less exposure to these scoring systems and their utility in UC
management, contributing to lower knowledge scores.

Few studies have evaluated pathologists” views on histological activity, but most believe that they
have a role in evaluating UC. However, pathologists” knowledge of UC histology was comparable to
gastroenterologists [median knowledge score 8.0 (IQR: 6.5-10.0) vs 9.0 (IQR: 7.8-11.0) P = 0.54]. Similar to
gastroenterologists, they also lacked knowledge of histological scoring systems and their remission
definitions. There is an opportunity, therefore, to improve the utilisation of histological activity scoring
for both pathologists and gastroenterologists. A harmonised approach to histological assessment in UC
is lacking[16]. Future directions should include the development of histology consensus guidelines in
consultation with pathologists to ensure homogeneity in reporting across hospitals to permit compar-
ability of mucosal biopsies across different sites.

This study has several limitations. First, responder bias may have played a role, whereby responders
having greater knowledge were more likely to take part on the survey. However, this would indicate a
greater unawareness of histological activity scoring in the assessment of UC and a greater need for
education and a harmonized approach towards the adoption of a scoring system. Secondly, a smaller
respondent number for pathologists was surveyed. However, we demonstrated statistically that
pathologists did not differ in their knowledge of histological scoring systems in UC despite expertise in
reading biopsy histology. Thirdly, the results may lack worldwide generalisability given the survey was
sent to Australian health professionals.

Strengths of this study included: (1) Being the first to report gastroenterologists’ knowledge and
attitudes towards the use of histology in UC; (2) recruitment of pathologists to compare their awareness
against gastroenterologists; and (3) to target respondents nationwide to demonstrate generalisability.

CONCLUSION

The study highlights that while there is an acknowledgment of the importance of histological
assessment in UC, there is a lack of knowledge of histological scoring systems. It indicates areas of
educational need in the field of UC histology, and the importance of including pathologists in
developing future consensus guidelines on the use of histology in clinical practice.

ARTICLE HIGHLIGHTS

Research background

The role of histology in ulcerative colitis has evolved over time. Histological activity despite endoscopic
remission is associated with poorer clinical outcomes, and various histological scoring systems have
been developed. However, the knowledge and attitudes towards the use of histology in the
management of ulcerative colitis by gastroenterologists and pathologists is unknown.

Research motivation

Although there has been an increasing literature into the use of histology in ulcerative colitis, it is
unknown whether this has translated into knowledge and use by gastroenterologists and pathologists in
clinical practice.

Research objectives
The main objective was to evaluate the knowledge of histology guidelines and attitudes towards the use
of histology in ulcerative colitis by gastroenterologists and pathologists.

Research methods
A prospective, cross-sectional survey of gastroenterologists and pathologists was conducted in
Australia. The survey was formulated by using peer-reviewed guidelines.

Research results

Of 89 responders (77 gastroenterologists, 12 pathologists), there was almost complete acceptance that
histological assessment should form part of ulcerative colitis evaluation (95% gastroenterologists, 92%
pathologists). However, the majority of both groups lacked awareness of the Geboes score, Nancy index
and Robarts histopathological index. Higher knowledge scores were predicted by public hospital
attending gastroenterologists and involvement in an inflammatory bowel disease meeting.
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Research conclusions
Histological remission is a recognised target for both gastroenterologists and pathologists. However
knowledge of histological scoring systems was poor.

Research perspectives

Future research should involve the development of consensus guidelines in consultation with
pathologists on the use of histology in ulcerative colitis management. This should include an agreement
on a standardised scoring system to ensure homogenity in reporting across hospitals to permit compar-
ability of biopsies.
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