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SUMMARY

Inflammatory bowel disease (IBD), consisting primarily of Crohn’s disease (CD) and ulcerative colitis

(UC), is a chronic condition of the gastrointestinal tract placing a large health and economic burden on
health systems worldwide. Increased availability of biologic agents have shown promise to improve
health outcomes and reduce the need for steroids and surgery; however, the long-term clinical and cost
implications of their use needs to be determined. This thesis aimed to evaluate the costs and cost-
effectiveness associated with novel pharmaceuticals for the treatment of adults diagnosed with IBD in
Switzerland. Studies in this thesis draw on statistical and econometric methods to evaluate real world
data obtained from the Swiss IBD Cohort Study (SIBDCS) and reimbursement claims.

In Switzerland, the economic burden of CD and UC was demonstrated with mean health care costs
estimated at CHF 10,553 for CD and CHF 6,334 for UC per patient per year. Between 2006 and 2016,
expenditures rose by 7% for CD and 10% for UC per year, on average, due to a rapid uptake of biologic
agents. Moreower, expenditures on inpatient and outpatient events, and indirect costs associated with
work absenteeism remained stable during this period. This study points to an important shift in the
clinical management of IBD towards greater use of pharmaceuticals.

Early aggressive treatment with biologic agents has been suggestedas a novel strategy to help achiewe
long-term mucosal healing and modify the natural course of CD. This thesis showed that CD patients
treated with biologics within 2 years ofdiagnosis (early biologic treatment) did not experience significant
improvements in disease progression or surgery rates over 10 years when compared to similar patients
who did not receive biologics or received biologics >2 years after diagnosis (late/no biologic treatment).
Moreover, early compared to late or no biologic treatment was associated with high lifetime costs (CHF
384,607 versus CHF 340,800) and minor improvements in quality -adjusted life years (QALYs: 16.84
versus 16.75) and was therefore not cost-effective with incremental cost-effectiveness ratios (ICERS)
above acceptable thresholds from the Swiss health system (CHF 887,450 per QALY) and societal
perspectives (CHF 449,130 per QALY). Howewer, in a subgroup of patients known to receive biologic
treatments during the course oftheir disease, earlierinitiation improved clinical outcomes and was cost-
effective compared to late initiation. In addition, future price reductions from biosimilars may help
contain rising costs in IBD and improve the cost-effectiveness of early biologic treatment approaches.

This thesis highlights the need to identify characteristics influencing disease prognosis for IBD patients
in order to stratify patients and target aggressive treatment strategies to those likely to benefit.
Moreover, closer monitoring of patients’ response to treatments will help timely decision-making and
improve the efficiency of patient care. More generally, this work contributes to the ongoing development
of methods to use real world data to evaluate long-term health outcomes and cost-effectiveness and
highlights the importance of continuous evaluation of the cost-effectiveness of novel pharmaceuticals
to ensure value for money in the health system.
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Chapter1: General introduction and outline

BACKGROUND AND MOT IVATION

Crohn’s disease (CD) and ulcerative colitis (UC) are chronic inflammatory bowel diseases (IBD), which
cause inflammation in the gastrointestinal tractand extra-intestinalcomplications?. IBD follows a course
of exacerbation and remission of inflammation and is characterised by chronic abdominal pain,
diarrhoea and weight loss. CD can affect all segments of the gastrointestinal tract, from the mouth to
perianal area, and most commonly affects the terminal ileum and colon? It is a progressive disease
leading to severe bowel damage caused by strictures, fistulae, and abscesses. In contrastto CD, UC
often presents as continuous inflammation affecting the colon and rectum?. IBD places a large health
and financial burden on the health system due to loss of quality of life, and high costs of clinical
management associated with surgical interventions, hospitalisations, long-term pharmaceutical
treatments, and routine specialist visits®. In Europe, 2.5 - 3 million people are affected with IBD
contributing an owerall direct health care cost of 4.6 - 5.6 billion euros per year®. In Switzerland,
estimates suggest that between 12,000 — 16,000 people are affected with IBD, representing 0.2% of
the population®’. The rising prevalence and high cost of IBD management presents an important
challenge for patients, public health and health systems requiring infrastructure for long-term chronic

disease management and efficient allocation of resources®.

Clinical management of IBD

The clinical management of IBD is based on seweral aspects including disease severity and location
(for both CD and UC), and disease behaviour (for CD)° *°. The treatment landscape for IBD is complex
with multiple pharmaceutical and surgical interventions to induce and maintain remission and manage
disease complications and extra-intestinal manifestations (EIMs)°*! 2. The current standard of care
recommends a step-up treatment approach using conventional pharmaceutical therapies, such as
aminosalicylates, corticosteroids, immunomodulators, and biologic treatments. In this approach,
treatments are intensified in response to treatment failure and increased disease severity . Biologic
therapies are often reserved for patients who are refractory to conwventional therapies, steroid-
dependent, or presenting with moderate to severe inflammation or complications ° 2. Intestinal resection
surgery is an additional option for both diseases to remowve affected tissues and treat disease
complications. While the surgical removal of the colon and rectum could in principle offer a cure for UC,

surgical treatment for CD is not curative since inflammations are not limited to the colon or rectum® ™,
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Ower the past two decades, the management of IBD has been rewolutionised by increased availability
and uptake of biologic agents and, more recently, biosimilars. Biologic agents were found to increase
remission rates, reduce the need for steroid treatment, and repair structural damage to the intestinal
lining™. These treatments target pro-inflammatory molecules responsible for the inflammation in the
gastrointestinal tract®. There are currently several biologic agents available on the market and
approved for IBD. In Switzerland, this includes anti-tumour necrosis factor (TNF) agents (infliximab,
adalimumab, golimumaband certolizumab pegol), anti-alpha-4-beta-7 integrin (vedolizumab) and, maost
recently, an anti-interleukin 12/23 agent (ustekinumab). As patents for older biologic agents expire,
biosimilars have arrived on the market offering more therapeutic options for IBD as well as potential
cost savings®®. This rapidly changing treatment landscape calls for increased scrutiny into the added

value to patients especially given high costs of nowvel therapeutics.

Increasingly, debate about when to start biologic therapy has created a shift towards early aggressive
treatment in a top-down treatment strategy. It is hoped that this would change the natural history of the
disease by preventing disease progression in the long-term?3. This is particularly relevant in CD where
patients are at risk of developing severe and disabling disease over time'®. Recent evidence from
randomised controlled trials (RCTs) and population-based cohort studies have shown favourable
outcomes for patients treated with biologics early*”'°. Howewer, due to the strong immunosuppressive
capacity of biologic agents, frequent monitoring and follow-up of patients is needed in order to manage
drug response, potential complications, and side effects®. Thus, the long-term clinical and cost-
effectiveness of early biologic use needs to be confirmed before widespread adoptionin clinical practice

is advocated.

Economic burden of IBD

The economic burden of IBD has been demonstrated in Europe and North America®. Health care
costs are driven by the need for surgical interventions and long-term pharmaceutical use, which has
been exacerbated by increased adoption of biologic agents®. Moreover, IBD patients require frequent
clinical follow-up with specialist nurses and clinicians to monitor the relapsing and remitting phases of

the disease, disease seerity, and development of complications and EIMs. In addition, patients are
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often diagnosed in early adult life during their peak economic productivity?®. Disease and treatment-
related morbidity, and frequent health care visits can affect patients’ quality of life leading to disruption
in education and employment as well as long-term dependence on the health and social system
contributing to a high societal burden of the disease®?. Given the chronic, dynamic, and resource
intensive management of IBD, a clear understanding of the optimal treatment strategies to manage the

disease is required to reduce the burden placed on both the health system and patients?’.

Economic models to evaluate the cost-effectiveness of new treatments and treatment strategies are
essential to guide political and clinical decision-making on the reimbursement and use of new
treatments®. Published cost-effectiveness studies in IBD often rely on modelling techniques using data
from a variety of sources, including RCTs, in order to assess the efficacy of new treatments. Often
assumptions are made in order to fill gaps associated with the paucity of data®. Although, evidence
from RCTs offer a high degree of internal validity, they are often criticized for having low external validity
given the large heterogeneity of patients and treatment practices in real world settings®*. Real world
data (RWD), such as those from cohort studies, patient registries, and electronic medical records, hawe
higher external validity and allow evaluation of specific outcomes, treatment patterns, safety, and
comparative effectiveness of treatments. Increasingly, health care payers are demanding post-
marketing real world effectiveness and cost-effectiveness evidence of new products in order to
supplement RCTdata®. Althoughthe use of RWD poses several potential benefits for decision-making,
specific methods are needed to deal with biases associated with their use, such as confounding by

indication and missing data®.

The Swiss health system

Switzerland has achieved universal health coverage through its mandatory statutory health insurance
system. Non-profit private health insurance companies compete to provide health insurance to all
residents in the country. In addition, optional complementary and voluntary health insurance packages
are offered for senices not included in the mandatory package, thereby increasing coverage and
access to health care senices and providers®. The systemis decentralised with the 26 cantons
(administrative geographic unit in Switzerland) responsible for the owverall implementation and

coordination of health care senices, provider supenision, and financing. The systemis publicly
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financed through (1) canton level tax-based contributions provided to inpatient acute care hospitals, (2)
mandatory health insurance premiums paid by all residents to private insurance companies, and (3)
social insurance contributions for accident, disability, old-age, and military®. The Swiss health system
is considered to be one of the highest performing and most responsive health sy stems in the world®.
Howevwer, it is also very expensive compared to other Organisation for Economic Co-operation and
Dewelopment (OECD) countries with rising health insurance premiums and a high burden of out-of-

pocket expenditures due to co-payments and additional voluntary health insurance®.

Cantons and private insurance companies are responsible for the reimbursement of health care
senices. Traditionally, the Federal Office of Public Health (FOPH) approves the reimbursement of
pharmaceuticals through the statutory health insurance package on the basis of clinical effectiveness,
appropriateness, and cost-effectiveness. For expensive medications, such as biologic agents,
additional authorisations are required from patient’s health insurers to use such treatments. This can
lead to inequality and delays in access to innovative treatments, as well as inconsistent decisions. As
costs in the Swiss health system continue to rise, the FOPH has expressed the internal motivation to
strengthen the use of health technology assessments and cost-effectiveness analyses in order to aid

reimbursement decisions for new and previously approved treatments®.

THESIS AIMS AND OVERVIEW

The aim of this thesis was to evaluate the costs and cost-effectiveness of novel pharmaceutical
therapies for the treatment of adults diagnosed with IBD in Switzerland. This was addressed in four

original studies, which are presented in this thesis.

Primary data sources

This thesis used data from the Swiss IBD Cohort Study (SIBDCS), a national prospective cohort running
in Switzerland since 2006%. The SIBDCS was initiated with the aim of understanding the manifestation,
clinical management, and socio-economic impact of IBD in Switzerland. Adult and paediatric IBD
patients are enrolled in the cohort through their physicians during routine clinical visits. Participating
centres include large academic and non-academic centres across the German and French-speaking

regions of Switzerland. While the cohort does not capture all IBD patients in Switzerland, it has enrolled
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a selection of patients from across the largest cantons in Switzerland. Data collection is conducted
annually using two questionnaires completed by patients and their treating physicians. Physicians
record information on clinical characteristics of patient’s diagnosis, including disease phenotype,
activity, and complications, and treatment and health care utilisation. In addition, patient questionnaires
capture additional data on clinical characteristics and health care utilisation, as well as information on
IBD family history, and quality of life. To date, more than 3500 patients are enrolled in the SIBDCS,
56% are diagnosed with CD and 44% with UC, and the mean follow-up time is 6 years®. For this thesis,
anonymised patient-level data reported by both patients and physicians, and collected between 2006
and 2018, were extracted. This included data on socio-demographic characteristics, disease history,
treatment and health care utilisation, and quality of life. Patients were included in this study if they had
a confirmed diagnosis of CD or UC, were aged =18 years at enrolment, and had received some

pharmaceutical or surgical interventions for their disease.

In addition, reimbursement claims data were obtained from the Helsana Group, a leading private health
insurance company in Switzerland covering statutory health insurance for up to 15% of the Swiss
population across all cantons®. Due to the absence of diagnostic information in the outpatient setting
in Switzerland, IBD patients in the insurance database were identified based on pharmaceutical use
(using the WHO Anatomical therapeutic chemical classification system) and specialist consultation
visits with gastroenterologists®. This approach was evaluated by the Helsana Group and showed high
sensitivity when compared with inpatient data, where diagnostic information was known*, In total, 8434
suspected IBD patients were identified in the insurance data. For this thesis, anonymised, patient-leel
data on inpatient and outpatient events were extracted between 2012 and 2014. Data on inpatient
ewvents included the dates of hospital admission and discharge, canton of senice providers, codes for
inpatient procedures using diagnosis-related groups (DRGs), and the total amount reimbursed. Data
on outpatient events included the date ofvisits, facility type, provider specialisation, codes for outpatient
events using TARMED (a national administrative coding system), and the total amount reimbursed. The
insurance data were used in this thesis to generate unit cost estimates for inpatient and outpatient

procedures, which were linked to resource utilisation data reported in the SIBDCS.

28



Chapter1: General introduction and outline

Ethical approval and data confidentiality

The work conducted in this thesis was exempted from ethical approval by the ethics committee in the

Canton of Vaud (Commission cantonale d'éthique de la recherche sur I'étre humain Ref. AP/CCG/cc).

Ethical approval to conduct the SIBDCS was obtained by Principal Investigators from regional Swiss
Ethics Committees where patients were enrolled (Commission d’éthique du Canton de Vaud/Protocadl
no. 33/06). Written informed consent was obtained from all patients enrolled in the cohort study.
Permission to use data from the SIBDCS in this thesis was obtained from the Swiss IBD Cohort
Scientific Committee in 2016 (approval number: 2016-20). Anonymised extracts of patient-level data
were provided by the Swiss IBD Cohort Datacenter at the Centre universitaire de médecine générale

et santé publique (Unisanté).

Data from the Helsana Group was obtained through contractual agreement between the Helsana
Versicherungen AG and the Institut Universitaire de Médecine Sociale et Préventive (now Unisanté).
Anonymised data extracts were obtained from the Helsana Group through a secured file transfer

program and were only used for the purposes of this thesis.

Brief summary of methods for cost-effectiveness analyses

This thesis uses cost-effectiveness analysis in order to systematically evaluate the value for money of
alternative treatment strategies. In cost-effectiveness analyses, improvements in health outcomes and
overall treatment costs between two or more interventions are compared over time?. Cost-effectiveness
analyses are increasingly used to aid reimbursement decisions for novel pharmaceuticals and health
care technologies. One approach to cost-effectiveness modelling includes using Markov models in
order to represent clinical events that occur repeatedly overtime*. Patients in a Markovmodel transition
between mutually exclusive and collectively exhaustive health states defined to reflect clinically and
economically important events based on the natural history of the disease. Transition probabilities are
assigned to each pathway of the decision tree, which represent the probability (or risk) that the patient
experiences a health state over time. Data on health state risks are usually obtained from a variety of
sources including RCTs, registries, or pooled estimates obtained through meta-analyses. In addition,

data on health care costs, indirect non-health care costs, and an effectiveness measure, usually
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represented by health-related quality of life, are attributed to each health state. During each period
(cycle) that the model is run, a weighted expected value of costs and quality of life is calculated based
on the transition probabilities for each health state®. The model is run over seweral cycles, usually
defined to reflect an average patient’s life expectancy from disease diagnosis, in order to estimate the

owerall costs and effectiveness of each intervention.

The incremental cost-effectiveness ratio (ICER) per quality-adjusted life year (QALY) was the primary
outcome measure for this economic evaluation. The QALY is a standardised, generic measure of health
status, which is often used in cost-effectiveness studies to represent the effectiveness of interventions.
QALYs are calculated by multiplying gains in length of life and quality of life (also known as utilities)
over time®. Utilities represent patient’s preferences for different health states and are obtained using
standardised questionnaires (e.g., the EQ-5D and SF-6D)®. They are traditionally measured on a scale
from O to 1, where 1 represents perfect health and O represents death. The use of standardised
effectiveness measures, such as the QALY, facilitates comparisons between cost-effectiveness resulits
across different interventions and disease areas and enables decisions about resource allocation in the

health system that reflect societal preferences®.

Thesis outline

This thesis is organised in six chapters. The first study, in Chapter 2, is a systematic review of the
literature, which was conducted with the aim of summarising existing evidence on the cost-effectiveness
of pharmaceutical and surgical interventions for patients diagnosed with CD and UC*. In addition, this
review helped to understand the quality of existing cost-effectiveness studies and the knowledge gaps
that remain. The second study, presented in Chapter 3, aimed to evaluate the ewolution of direct and
indirect costs and health care utilisation for CD and UC in response to increased availability of biologic
agents over 10 years®. Two subsequent studies presented inthisthesis evaluated the clinical outcomes
(Chapter 4) and cost-effectiveness (Chapter 5) of early biologic use compared to the current standard
of care for CD patients. These studies were motivated by recent literature and ongoing clinical debate
suggesting early biologic treatment as a nowvel approach for the management of patients with CD in
order to prevent long-term disease progression. In Chapter 4, a retrospective analysis was conducted

to evaluate the risks of key clinical outcomes over 10 years for CD patients who received biologic

30



Chapter1: General introduction and outline

treatment within 2 years of diagnosis (early biologic use) compared to patients who received biologics
more than two years after diagnosis or those who did not receive any biologic treatments (late/no
biologic use). In Chapter 5, results from this analysis, as well as additional data on costs and quality of
life, were used to develop and parameterise a Markov model to evaluate the cost-effectiveness of earty
compared to late/no biologic treatment over patients’ lifetime from the Swiss health system and societal

perspectives. Finally, in Chapter 6, a general discussion and conclusions from this work is presented.
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ABSTRACT

Background

Inflammatory bowel disease (IBD) is a chronic disease placing a large health and economic burden on
health systems worldwide. The treatment landscape is complex with multiple strategies to induce and
maintain remission while avoiding long-term complications. The extent to which rising treatment costs,
due to expensive biologic agents, are offset by improved outcomes and fewer hospitalisations and
surgeries needs to be evaluated. This systematic review aimed to assess the cost-effectiveness of

treatment strategies for IBD.

Methods

A systematic literature search was performed in March 2017 to identify economic evaluations of
pharmacological and surgical interventions for adults diagnosed with Crohn’s disease (CD) or ulcerative
colitis (UC). Costs and incremental cost-effectiveness ratios (ICERs) were adjusted to reflect 2015
purchasing power parity (PPP). Risk of bias assessments and a narrative synthesis of individual study

findings are presented.

Results

Forty-nine articles were included; 24 on CD and 25 on UC. Infliximab and adalimumab induction and
maintenance treatments were cost-effective compared to standard care in patients with moderate or
severe CD; howewer, in patients with conventional-drug refractory CD, fistulising CD, and for
maintenance of surgically-induced remission ICERs were abowe acceptable cost-effectiveness
thresholds. In mild UC, induction of remission using high dose mesalazine was dominant compared to
standard dose. In UC refractory to conventional treatments, infliximab and adalimumab induction and
maintenance treatment were not cost-effective compared to standard care; however, ICERs for

treatment with vedolizumab and surgery were favourable.

Conclusions

We found that, in general, while biologic agents helpedimprove outcomes, they incurred high costs and

therefore were not cost-effective, particularly for use as maintenance therapy. The cost-effectiveness
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of biologic agents may improve as market prices fall and with the introduction of biosimilars. Future
research should identify optimal treatment strategies reflecting routine clinical practice, incorporate

indirect costs and evaluate lifetime costs and benefits.
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INTRODUCTION

Inflammatory bowel disease (IBD) refers mainly to Crohn’s disease (CD) and ulcerative colitis (UC),
which are chronic, autoimmune conditions causing inflammation in the gastrointestinal tract and extra-
intestinal complications. IBD follows a course of exacerbation and remission of inflammation with

symptoms characterised by chronic abdominal pain, diarrhoea and weight loss®.

The clinical management of IBD aims to induce and maintain remission in patients with active disease?
Treatment strategies are complex, consisting of pharmacological treatment and surgery depending on
disease location, severity and patients’ treatment history®. The traditional step-up approach consists of
first-line therapy with “conventional” or standard of care treatments such as aminosalicylates,
corticosteroids, and immunomodulators (e.g. azathiopurine, 6-mercaptopurine)*. More recently, biologic
agents are being used to induce remission in patients with moderate to severe disease and disease
which responds poorly or is refractory to conventional medicines®®. Anti-tumour necrosis factor (TNF)
agents, infliximab, adalimumab, and golimumab are approved for use in CD and UC by the European
Medicine’s Agency (EMA) and the USA Food and Drug Administration (FDA); certolizumab pegol is
approved only for CD in Switzerland, the USA and Russia’. In addition, two anti-integrin molecules are
available: vedolizumab, approved in the USA and Europe for CD and UC, and natalizumab, approved
in the USA for CD only. These agents provide promising alternatives to conventional medications as
they are associated with reduced dependence on corticosteroids as well as longer duration of remission

and improved owerall quality of life®.

IBD is among the top five most expensive gastrointestinal disorders to treat; it incurs wider social costs
and reduces patients’ quality of life®. Within Europe, estimates from 2013 suggest that 2.5 - 3 million
people are affected with IBD contributing an overall direct health care cost of 4.6 - 5.6 billion Euros per
year’. These figures are higher in the USA, which has an estimated prevalence of 214 per 100,000
individuals for CD and UC each® . The increasing prevalence, and high morbidity and costs of IBD
represent an important challenge, requiring resources and infrastructure for efficient long-term chronic

disease management!*?,
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The economic burden of IBD is changing whereby costs are increasingly driven by biologic agents and
less by hospitalisations and surgery 3. Despite the high costs of biologic agents, increasing use ofthese
agents is seen due to their efficacy’®. Given the uncertainties around the optimal use of biologic agents
in IBD, increased scrutiny on the cost-effectiveness of different treatment strategies is required to aid
cost-containment discussions while still ensuring patients’ receive the best available treatments.
Economic evaluations aim to compare alternative strategies by relating the improvement in health
outcomes to the owerall treatment costs across health states and over time in order to inform decision-

making on the optimal use of available resources®.

We conducted a systematic literature review of the cost-effectiveness of pharmacological or surgical
interventions in adults diagnosed with CD or UC across different health systems and a spectrum of
clinical presentations. The objective of this review was to provide an understanding of the cost-effective
treatment strategies, particularly the biologic agents, and identify gaps inthe literature and requirements

for future economic models in IBD.

METHODS

Literature search

An extensiwve literature search was performed on 16 November 2016 and updated on 21 March 2017 in
key databases: Ovid Medline (1946 to present), Embase (1974 to Nov 14, 2011), Database of Abstracts
of Reviews of Effects (DARE, 1994 to March 2015), National Health Senice Economic Evaluation
Database (NHS EED, 1994 to March 2015), and Health Technology Assessment (HTA). Searchterms
used were: Crohn’s disease, ulcerative colitis, inflammatory bowel disease, cost effectiveness, cost
utility, cost benefit, health economic, economic evaluation (see Supplementary Files Table Al for
detailed search strategy). Searches were limited to articles published in English and no date limits were
applied. Attempts were made to identify full texts for any conference abstracts, howewer, where none
were available, the abstracts were excluded due to insufficient information reported. In addition, a
manual search of references from identified literature was performed. All references were downloaded

to EndNote X8 and duplicates were removed.
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Study selection

Title, abstract and full-text screening was conducted by NP. Studies were included in the review
according to the PICOS (population, intervention, comparator, outcomes and study design) criteria. Full
economic evaluations (cost-effectiveness, cost-benefit and cost-utility analyses) were included in the
review if they included adults (aged =18), diagnosed with CD or UC, and compared surgical or
pharmacological interventions. Models from drug manufacturers reported in HTA submissions were
also included provided sufficient detail was available. Studies were excluded from the review if they
were partial economic evaluations, if they did not specifically evaluate treatments for IBD or if they were

a letter, comment piece or editorial.

Data extraction and interpretation

Data extraction was conducted based on guidance from the Cochrane Handbook . Data extracted
included disease indication, year and setting, intervention and comparator, perspective, study design,
type of decision analysis (e.g. Markovmodel or decision tree analysis), time horizon, source and year
of costs, currency, discount rate, source of outcomes and benefits, sensitivity analysis, and study
results. Toaid comparisons, costs were inflated to 2015 prices in US Dollars, using the OECD consumer
price index (CPI)Y, and then conwerted to 2015 purchasing power parity (PPP) using OECD rates®.

Where the year of cost data collection was not reported the year of publication was used instead.

The owerall cost-effectiveness result, normally expressed in terms of an incremental cost-effectiveness
ratio (ICER), represents the additional cost per unit of effectiveness (often the quality-adjusted life year
(QALY)) achieved from adopting one intervention relative to an alternative. The ICER was recalculated

to reflect 2015 PPP costs per unit of effectiveness, using the following formula:

PPP Cost of intervention 1 -PPP Cost of intervention 2

ICER = - - - - - -
Effectiveness of intervention 1 — Effectiveness of intervention 2

When interpreting the ICER, interventions were said to be dominant (or dominated) if the costs of
intervention 1 were lower (or higher) and its effectiveness better (or worse) than intervention 2. When
both the costs and effectiveness of intervention 1 were higher (or lower) a threshold at which the cost
of obtaining an additional unit of effectiveness (or savings for the loss of effectiveness) is acceptable

was normally used. In the UK, the National Institute for Clinical Excellence (NICE) recommends a
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technology or drug as cost-effective if it has an ICER between 20’000 GBP to 30’000 GBP per QALY
gained (29'069.77 — 43'604.65 in 2015 PPP), reflecting the opportunity cost incurred of obtaining an
additional QALY had the money been spent elsewhere in the health system®. In the USA, a threshold
of 100’000 USD to 150’000 USD has been informally accepted by decision-makers and researchers
based on estimated values of an additional statistical life year®. These thresholds are still contested
and subject to change®-%, therefore, in this study, conclusions drawn with respect to cost-effectiveness

reflect the setting of the original study.

Risk of bias

As recommended by available guidelines, bias assessments were performed using the Drummond et
al. (2006) checklist* for economic evaluations and the checklist from Philips et al. (2004) for model-

based economic evaluations® %.

Study synthesis

This systematic review presents a narrative summary discussing studies on CD and UC by clinical
presentation (mild, moderate, severe, disease refractory to conventional treatments, fistulising CD, and
surgically-induced remission) and treatment aims (induction, maintenance and both induction and
maintenance). A descriptive analysis of the studies is presented followed by the results of cost-
effectiveness for individual studies. Based on recommendations from guidelines for systematic reviews

in economic evaluations, no attempts were made to quantitatively pool study results®.

RESULTS

Study selection

The literature search revealed 803 records of which 49 full text articles were retained after removing
duplicates and applying the inclusion and exclusion criteria (See Figure 1). Of the included studies, 24

focus on CD and 25 on UC.
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Records identified through database

searching
(n= 803)

Additional records identified through manual
search & updated search

(n=7)

Records after duplicatesremoved
(n=335)

v

Records screened
{n=475)

'

Records excluded
(h=1370)

Full-text articles assessed for eligibility
(n=105)

A 4

Primary economic evaluations
included
(n=49)

Full-text articles excluded with
reasons:

+ Study did not meetinclusion or

exclusion criteria (n= 13)

« Studiesre-usedin HTAs (n = 4)
« No full text article found (n = 3)
+ Systematic reviews (n=10)

Figure 1 Flow chart of study inclusion based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)

Descriptive analysis

An increasing number of economic evaluations in IBD have been published over the past 20 years

(Figure 2). The oldest study identified on CD was published in 1997, while, the majority were published

from 2000, following the market approval of infliximab. A large increase in economic evaluations on UC

was seen in 2016; howewer, the first publication identified was in 2007. This reflects both the increasing

number of novel pharmacological agents for IBD as well as the uptake of economic evaluations in

healthcare.
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Infliximab Adalimumab Certolizumab  Golimumab Vedolizumab
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Year of publication

Figure 2 Frequency of published economic evaluations on Crohn’s Disease and Ulcerative
Colitisover time; grey barsindicate year of market approval by the European Medicines Agency
(EMA)

Heterogeneous methods were used to generate cost-effectiveness results across studies (Table 1). For
example, a time horizon of one year or less was used in more than 50% of the studies on CD but in
only 36% of studies on UC. Only 21% and 24% of studies on CD and UC, respectively, used the
recommended lifetime time horizon. Secondly, studies mostly adopted the health system perspective,
particularly the third party payer and the publically funded health system, reflecting the USA and UK
health systems, where the majority of studies were conducted. Two studies on CD and three studies
on UC reported adopting a societal perspective (i.e. incorporating indirect costs to the patient in the
model); however, in three of these studies no evidence of indirect costs were found in the publications #®
%, Studies also differed in the type of decision analysis used (e.g. static decision analytic models versus
Markovmodels). Finally, moststudiesused QALYs as the main effectiveness measure, creating a cost-
utility analysis; while, two studies on CD and two studies on UC undertook a cost-effectiveness analysis,
using outcomes such as number of patients in remission®*, number of surgeries®, time spent in

remission® and the probability of achieving mucosal healing (MH)*.
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Characteristics

| Crohn's Disease (N, %) | Ulcerative Colitis (N, %)

Time horizon

Lifetime 5 (21%) 6 (24%)
10 years 1 (4%) 5 (20%)
5years 3 (13%) 4 (16%)
2years 1 (4%) 1 (4%)
lyear 13 (54%) 6 (24%)
32 weeks 0 1 (4%)
12 weeks 0 1 (4%)
Not stated 0 1 (4%)
Other 1 (4%) 0
Setting

USA 10 (42%) 4 (16%)
UK 8 (33%) 11 (44%)
Canada 2 (8%) 2 (8%)
Other 4 (17%) 8 (32%)
Study design

Cost-effectiveness analysis 2 (8%) 2 (8%)
Cost-utility analysis 22 (92%) 23 (92%)
Type of decision analysis

Decision analytic model 8 (33%) 7 (28%)
Markov model 12 (50%) 16 (64%)
Monte Carlo simulation 2 (8%) 0

Markov cohort model 1 (4%) 2 (8%)
Cohort model not clearly defined 1 (4%) 0
Perspective

Third party payer 11 (46%) 6 (24%)
Publically-funded health system 8 (33%) 16 (64%)
Societal 2 (8%) 3(12%)
Not clear 3 (13%) 0

Crohn’s Disease

The results of the 24 studies on CD are summarised in Table 2 (see Supplementary Files Table A2 for

descriptive information about studies).
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Plough model 3*

refractory to

stated)

Reference (year, Clinical Interventions/Comparators’ Inflated cost Outcome ICER (PPP per
country) presentation (2015 PPP) (QALY outcome
unless gained)?
otherwise
stated)
Trallorietal. (1997, | Patients in Maintenance therapy with mesalazine 8'578'448.72 1713.6 8'471.74
unclear)® remission No maintenance treatment 8'417'485.58 1694.6 Reference
Arsenau et al. (2001, | Initial treatment | 6MP /metronidazole combination 4'118.09 0.76 Reference
USA) ® of perianal Initial infliximab induction infusions plus 14'234.03 0.78 505'796.84
fistula combination with 6MP/metronidazole if
treatment failure
Initial infliximab induction infusions with 14'389.13 0.78 513'552.06
episodic reinfusion if treatment failure
6MP/metronidazole followed by infliximab 9482.71 0.77 536'461.97
induction infusions with episodic reinfusion if
treatment failure
Marshall et al. (2002, | Active disease | Strategy A: “usual care” 10'278.04 0.6281 Strategy A vs.
Canada) *® refractory to immunosuppressants, intravenous Strategy B:
conventional corticosteroids and surgery 187'890.19
therapies Strategy B: Single infliximab infusion at week | 13'133.97 0.6433 Strategy Cvs.
0 Strategy B:
487'393.91
Strategy C: Single infliximab infusion at week | 14'206.24 0.6455 Strategy D vs.
0 plus reinfusion for patients who relapse Strategy C:
719'047.53
Strategy D: Single infliximab infusion at week | 22'331.48 0.6568 -
0 plus maintenance infliximab for patients who
respond and usual care for patients who do
not respond
Clark et al. (2003, Chronic active Single infliximab infusion 9'738.37
UK) Schering- disease Episodic infliximab infusions (timing not 15'116.28
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conventional Maintenance infliximab infusions (timing not 122'674.42
therapies stated)
Placebo Reference
Clark et al. (2003, Fistulising Initial infliximab induction infusions 178779.07
UK) Schering- Crohn’s disease | Initial infliximab induction infusions plus 139'534.88
Plough model 3* retreatment if fistula reopens
Initial infliximab induction infusions plus 170'058.14
maintenance treatment for patients achieving
100% fistula closure
Placebo Reference
Clark et al. (2003, Chronic active Infliximab 5mg/kg single infusion 135'529.07
UK) Primary disease Infliximab 5mg/kg episodic infusions (three re- 90'139.53
economic refractory to treatments)
evaluation ** conventional Infliximab (5, 10 and 20mg/kg doses) single 196'704.94
therapies infusion
Infliximab (all doses) episodic (three re- 105'030.52
treatments)
Placebo Reference
Jaisson-Hot et al. Moderate to Strategy 1a: Initial infliximab infusion plus re- | 173'478.98 30.78 60'550.01
(2004, France) % sewere active treatment when patients relapse or do not
ileocolonic respond
disease Strategy 1b: Initial infliximab infusion plus 994'937.83 30.78 768'704.19
refractory to maintenance infliximab infusions every 8
conventional weeks
therapies Strategy 2: Surgery 103'240.97 29.62 Reference
Priest et al. (2006, Moderate to Azathioprine maintenance therapy 1'220'732.02 877.6 Azathioprine
NZ) " severe CD dominant
indicated for Methotrexate maintenance therapy 1'493'388.54 633.4 Reference
immuno-
suppressive
therapy
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Kaplan et al. (2007, | Moderate to Infliximab dose escalation to 10mg/kg every 8 | 33'349.18 0.79 403'359.61
USA) * sewere disease | weeks
after loss of i i — i
response during Discontinue infliximab and switch to 21'248.39 0.76
maintenance adalimumab induction and maintenance
infliximab therapy
treatment
Lindsay et al. (2008, | Moderate to Infliximab initial infusions and maintenance 58'626.42 2.145 48751.83
UK) % severe active treatment
luminal disease | Standard care (immunomodulators and/or 49'558.58 1.959
corticosteroids)
Lindsay et al. (2008, | Fistulising Infliximab initial infusions and maintenance 69'773.24 2.449 55'265.19
UK) % Crohn’s therapy
Disease Standard care (immunomodulators and/or 58'609.67 2.247
corticosteroids)
Bodger et al. (2009, | Moderate to Infliximab infusions for induction of remission | 91'568.88 14.568 34'664.32
UK) 4 sewere active followed by maintenance treatment for 1 year
disease Infliximab infusions for induction of remission | 105'941.90 14.901 38'753.63
followed by maintenance treatment for 2 years
Adalimumab injection for induction of 85'019.15 14.682 12'462.49
remission followed by maintenance treatment
for 1 year
Adalimumab injection for induction of 96'590.34 15.156 18'443.45
remission followed by maintenance treatment
for 2 year
Standard care (5ASA, immunosuppressive 79'124.39 14.209 Reference
agents, corticosteroids, antibiotics,
symptomatic therapies, topical therapies and
surgery)
Loftus et al. (2009, Severe active Adalimumab induction and maintenance 19'798.38 0.8516 29'215.03
UK) % disease therapy injection
Non-biologic therapy (based on the CLASSIC | 16'359.77 0.7339 Reference
| trial: placebo and conventional medications)

47




Chapter 2: Systematic review of cost-effectivenessstudiesin IBD

Moderate to Adalimumab induction and maintenance 17'640.61 0.8647 61'323.23
sewere active therapy injection
disease Non-biologic therapy (based on the CLASSIC | 12'096.99 0.7743 Reference
| trial: placebo and conventional medications)
Yu et al. (2009, USA) | Moderate to Adalimumab induction and maintenance 40'198.41 0.865 Adalimumab
s severe active injections dominant
disease Infliximab induction and maintenance 45'902.58 0.851
infusions
Bakhshai et al. Moderate to Natalizumab induction and maintenance 74'316.05 4.5 months | Reference
(2010, USA) 3% sewere active infusion in remission
disease eligible | Infliximab induction and maintenance 67'487.91 2.4 months | Dominated by
for second line | infusions in remission | adalimumab
biologic therapy | Adalimumab induction and maintenance 67'168.35 2.88 months | 4412.16 per
injection in remission | month of
remission
Dretzke et al. (2011, | Severe active Standard care 24'406.85 0.8119 Dominated
UK) # disease Infliximab induction infusions 21'925.23 0.8943 Reference
refractory to Infliximab maintenance infusions 34'828.20 0.8957 9'216'407.48
conventional
therapies
Sewere active Standard care 24'417.76 0.8118 Dominated
disease Adalimumab induction infusions 12'832.02 0.8942 Reference
refractory to Adalimumab maintenance infusions 25'556.69 0.8956 9'089'051.59
conventional
therapies
Moderate active | Standard care 12'035.13 0.8926 Reference
disease Infliximab induction infusions 17'416.83 0.924 171'391.59
refractory to Infliximab maintenance infusions 30'476.26 0.9245 578'091.91
conventional
therapies
Moderate active | Standard care 12'035.13 0.8922 Dominated
disease Adalimumab induction infusions 8'338.17 0.9231 Reference
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refractory to Adalimumab maintenance infusions 21'208.39 0.9236 25'740'443.62
conventional
therapies
Ananthakrishnan et | Patients in Antibiotics arm: Metronidazole given post- 3'086.90 0.8209 Reference
al. (2011, USA) ® surgically- operatively. No treatment given if patients
induced experience adverse events on metronidazole
remission after | unless disease recurred in which case they
firstileocecal received infliximab
resection Azathioprine arm: Azathioprine given post- 3'497.76 0.814 Dominated

operatively. No treatment given if patients
experience adverse events on azathioprine
unless disease recurred in which case they
received infliximab induction and maintenance
infusions

No treatment arm: No treatment given post- 4'265.14 0.805 Dominated
operatively. Patients who dewelop clinical
recurrence receive infliximab induction and
maintenance infusions

Tailored infliximab arm: No treatment post- 8728.10 0.8206 Dominated
operatively. Patients receive colonoscopy at 6
months; those at no or mild endoscopic
recurrence risk received no treatment and
those at high endoscopic recurrence risk
receive infliximab induction and maintenance
infusions
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Upfront infliximab arm: Infliximab standard 24'070.22 0.828 2'955'396.77
dose maintenance infusions given post-
operatively. Patients who do not respond to
infliximab receive stop treatment and receive
no alternative treatment but switch to
azathioprine if disease recurs. Patients who
dewelop disease recurrence while on
infliximab receive increased infliximab dose
(10mg/kg every 8 weeks).
Ananthakrishnan et | Moderate to Natalizumab induction and maintenance 56'348.98 0.71 600'858.73
al. (2012, USA) % sewere disease | infusion
who lose Certolizumab pegol induction and 50'340.40 0.7
response to two | maintenance injection
prior TNF-
antagonists
Blackhouse et al. Moderate to Infliximab induction and maintenance 47'928.87 2.721 197'402.17
(2012, Canada) ¥ sewere disease | infusions
refractory to Adalimumab induction and maintenance 40'304.06 2.701 172'218.88
conventional injection
therapies Usual care: Immunosuppressants and 15'160.10 2.555 Reference
corticosteroids
Infliximab strategy vs. Adalimumab strategy 360355.43**
Doherty et al. (2012, | Patients Infliximab induction and maintenance 27'311.46 0.87 839'477.61
USA) % achieving infusions
surgically- Once daily continuous oral azathioprine 7'273.78 0.86 257'332.31
induced Once daily continuous oral mesalazine 6'417.28 0.85 Dominated
remission after | No treatment 2'127.14 0.84 Reference
intestinal
resection
Tang et al. (2012, Moderate to Infliximab induction and maintenance 24'658.25 0.796 Dominant
USA) sewere disease | infusions
refractory to Adalimumab induction and maintenance 29'957.07 0.799 Dominated
conventional injection
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therapies and Certolizumab pegol induction and 31'692.91 0.8 Dominated
naive to biologic | maintenance injection
agents Natalizumab induction and maintenance 33'988.52 0.79 Dominated
infusion
Marchetti et al. Moderate to Top-down arm: Initial induction infusion with 20174.41 3.9 Top-down
(2013, ltaly) %8 severe newly infliximab plus azathioprine, followed by strategy dominant
diagnosed infliximab re-treatment and continued
active disease | azathioprine if symptom exacerbation
occurred and finally methylprednisolone
added if necessary
Step up arm: Induction treatment with 21'240.29 3.76
methylprednisolone, followed by re-treatment
with methylprednisolone plus azathioprine if
relapse occurred and finally infliximab plus
azathioprine added if necessary
Saito et al. (2013, Moderate to Infliximab induction and maintenance 14'717.04 0.668 4'528.59
UK) 0 sewere disease | infusions plus azathioprine
refractow to Infliximab induction and maintenance 11'981.77 0.064
conventional infusions monotherapy
therapies and
naive to biologic
therapy
Erim et al. (2015, Moderate to Adalimumab and vedolizumab without prior 42'065.42 0.83 Reference
USA) * sewere active dose increase: Adalimumab induction
disease that injections followed by maintenance injections
failed to for responders and switch to vedolizumab
respond to maintenance infusion for non-responders or
infliximab and patients who lose response
conventional Adalimumab only without dose increase: 44'229.01 0.81 Dominated
therapies Adalimumab induction injections and
maintenance injections for primary responders
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Adalimumab and vedolizumab with prior dose
increase: Adalimumab induction injections
followed by maintenance injections for primary
responders. For patients who do not respond
or lose response receive adalimumab
maintenance dose intensification (weekly) or
switch to vedolizumab induction and
maintenance infusion

45'642.71

0.83

621'851.83

Adalimumab only with dose increase:
Adalimumab induction injection followed by
adalimumab maintenance therapy every other
week for responders and maintenance
therapy weekly for non-responders

48'302.89

0.82

Dominated

Talebanetal. (2016,
USA) *2

Medically
refractory
disease with
extensive colitis
and no perianal
or small bowel
inflammation

Total colectomy with ileal pouch anal
anastomosis (IPAA)

172'469.72

10.93

Reference

Total colectomy with permanent end
ileostomy (El)

123'559.09

10.24

70'884.96

Rafia et al.
(2016, UK) Takeda
submission %

Moderate to
sewvere active
disease after
failure of initial
therapy

Mixed population:

Vedolizumab induction and maintenance
infusion

Reference

Conwventional therapy (5ASA,
immunomodulators, and corticosteroids)

95'213.02

Anti-TNF failed population:

Vedolizumab induction and maintenance
infusion

Reference

Conventional therapy (5ASA,
immunomodulators, and corticosteroids)

149'021.70

Anti-TNF naive population:

Vedolizumab induction and maintenance
infusion

Reference
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Conventional therapy (5ASA, 34'387.06
immunomodulators, and corticosteroids)

Infliximab induction and maintenance 40'232.77
infusion

Adalimumab induction and maintenance 1'147'866.07
injection

* Conventional therapy/standard of care is defined as drug treatment with aminosalicylates, methotrexate, corticosteroids, azathioprine,
metronidazole or surgery; standard dosing approved by FDA and EMA applies unless otherwise specified.

T Unless otherwise stated, the ICER reports the cost per QALY gained

¥ When only ICERSs were reported these were converted to 2015 PPP values using the PPP exchange rate for the original currency
8 Year of cost data collection not reported therefore year of publication used to complete PPP conversion

” The indication in this study is “moderate to severe IBD” howeer, efficacy data was extracted from studies on CD therefore it is assumed that
this model reflects the cost-effectiveness for patients with CD. This lack of clarity is captured in the risk of bias assessment.
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Moderate or severe CD

Priest et al. (2006) showed that maintenance therapy using azathioprine was dominant compared to
methotrexate for patients with moderate to severe CD due to lower costs of treatment, fewer adverse
events, more patients in remission and increased QALYs®. In addition, using first-line infliximab plus
azathioprine to induce remission (a top-down strategy) in newly diagnosed patients with moderate to

severe CD was dominant compared to the standard step-up approach®.

Compared to standard care, adalimumab induction and maintenance therapy was cost-effective for
severe CD (29'215.03 PPP/QALY) but not for moderate CD (61'323.23 PPP/QALY) in the UK*,
Additionally, in a lifetime model, infliximab and adalimumab induction and maintenance therapy were
cost-effective compared to standard care when maintenance therapy was administered for one or two
years only*. In these studies, induction and maintenance treatment using adalimumab was cheaper

and produced better outcomes compared to infliximab infusions®* %,

In a study performed in the USA, for patients who lost response to initial infliximab infusions, switching
to adalimumab induction and maintenance therapy was associated with reduced costs and QALYs
compared to increasing the infliximab dose to 10mg/kg; howewer, neither strategy was cost-effective
(403'359.61 PPP/QALY)*. Alternatively, certolizumab pegol was shown to be a cost-effective third-line
biologic agents when compared to natalizumab for induction and maintenance of remission in patients

who fail anti-TNF treatment®.

CD refractory to conventional therapies

For patients with CD refractory to conventional treatments, infliximab induction and maintenance
therapy was not cost-effective compared to continued treatmentwith standard care; ICERs ranged from
122'674.42 PPP/QALY to 768'704.19 PPP/QALY in European and Canadian healthcare settings®*¥%’,
Adalimumab induction and maintenance treatment was also not cost-effective at 172'218.88
PPP/QALY“. Howewer, when considering induction doses only, infliximab and adalimumab were
dominant compared to standard care for patients with severe disease and adalimumab was cost-

effective for patients with moderate disease*. ICERs for maintenance treatment strategies, as opposed
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toinduction only and episodic re-treatment (i.e. induce remission, stop treatment and then re-treat when

disease recurs), were very high for both infliximab®*¥4 and adalimumab®.

Comparing biologic agents to each other, infliximab induction and maintenance infusions were
dominant when compared to adalimumab, certolizumab pegol and natalizumab for patients naive to
biologic treatment and refractory to conventional therapies® and cost-effective compared to
vedolizumab®. For patients who failed to respond to infliximab, adalimumab and standard care
induction treatments, evidence suggested switching to vedolizumab may be less costly and improve
outcomes compared to increasing the dose of adalimumab; howewer, at current prices, this was not
cost-effective in the USA at 621'851.83 PPP/QALY®™. Similarly, in an anti-TNF naive population in the
UK, vedolizumab was not cost-effective compared to standard care, infliximab and adalimumab;

however, the gross assumptions made in this model still need to be validated .

Fistulising CD

For patients with fistulising CD, the ICER for infliximab induction and maintenance infusions compared
to standard care was 55'265.19 PPP/QALY in a UK study® and 513'552.06 PPP/QALY in the USA®,
which is above accepted cost-effectiveness thresholds. Although still not cost-effective, a single
infliximab infusion followed by re-treatment if the fistula recurs, was associated with fewer costs per
QALY compared to maintenance infliximab infusions (139'534.88 PPP/QALY wersus 170°058.14

PPP/QALY)¥.

Surgical and post-surgical interventions

Only one study evaluated the cost-effectiveness of surgery®. Total colectomy with permanent end
ileostomy was found to be cost-effective compared to total colectomy with ileal pouch-anal anastomosis
(IPAA), despite increased QALYs from IPAA, in male patients with isolated medically refractory colonic
CD®. To maintain remission post-operatively, maintenance treatment with daily azathioprine was cost-
effective compared to infliximab maintenance infusions, mesalazine maintenance treatment and no
maintenance therapy over a 1 year time horizon®. Alternatively, immediate use of antibiotics was the

most cost-effective strategy compared to (a) no post-operative treatment, (b) treatment with
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azathioprine, (c) infliximab infusions for patients at risk of endoscopic recurrence given 6 months after

surgery, and (d) immediate post-surgical infliximab infusions®.

Ulcerative Colitis

The results of the 24 studies on UC are summarised in Table 3 (see Supplementary Files Table A3 for

descriptive information about studies).
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Outcome
. ICER (PPP per
Reference (year, Clinical . . Cost (2015 (QALY unless ( P
: Interventions & comparators . outcome
country) presentation PPP) otherwise . "
gained)
stated)
Induction treatment with prednisone followed 38.50% 44'320.62 per
. by 5-ASA maintenance therapy for patientsin | 11'236.97 achieved remission
Active and - o o .
) remission or azathioprine for non-responders remission achieved
Panes et al. (2007, | steroid-dependent - . -
C Induction treatment with prednisolone followed
Spain) moderate to : . : .
) by 5-ASA maintenance therapy for patients in . 61% achieved
sewere disease . . 21'209.11 L Reference
remission or granulocyte, monocyte adsorption remission
(GMA)-apheresis for non-responders
First line Induction therapy using high dose mesalazine | ,, High dose
4'236.30 0.1394 .
Buckland et al. treatment for (4.8g/day) dominant
2008, UK) > moderately active | Induction therapy using standard dose
( ) . y act uction thefapy using 4:399.92 0.1378 Reference
disease mesalazine (2.4g/day)
Moderate-severe | Maintenance infliximab infusions 120'915.32 4.591 49'922.73
chronic disease
refractory to
conventional
i . therapies
Tsal 5? al. (2008, b : Standard care 83'323.50 3.838 Reference
UK) responding to
initial infliximab
induction
infusions
Maintenance infliximab infusions 98'016.73 4.154 35799.74

57




Chapter 2: Systematic review of cost-effectivenessstudiesin IBD

Moderate-severe
chronic disease
refractory to
conventional
therapies in Standard care 84'162.23 3.767 Reference
remission after
initial infliximab
induction
infusions
No maintenance 5ASA: 5-ASA 4.8g/day given
during a flare and stopped once remission 4'145.68 1.75 291'540.46
Mild to moderate | achieved
Eg"A‘;t_,,Ga" (2008, diseasein Maintenance 5ASA: 5-ASA 2.4g/day given for
remission maintenance treatment and escalated to 9976.49 1.77 Reference
4.8g/day after first flare to induce and maintain ' '
remission
Once daily 2g mesalazine maintenance Once daily
Mild to moderate y<g 2'011.20 0.935 mesalazine is
Connolly et al. . . therapy )
- disease in dominant
(20093, UK) remission Twice daily 1g mesalazine maintenance
y -9 2'396.16 0.931 Reference
therapy
Induction treatment with 1g9/100ml topical Combination
. mesalazine plus 4g oral mesalazine 4'316.14 0.56 thera
Connolly et al. Mild to moderate L P 9 _py
. o combination dominant
(2009b, UK) active disease Induction treatment with 4g oral mesalazine
9 5'692.92 0.55 Reference
monotherapy
Xie et al. 5(92009, Moderatg to Strategy A: Standard care (5-ASA or 21'506.13 2015 Reference
Canada sewere disease immunosuppressants)
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refractory to Strategy B: Infliximab induction infusions
conventional followed by infliximab maintenance infusions if
therapies patient responds. If no response or response
lost during maintenance therapy, then switch | 73'337.79 2.178 317'985.64
to adalimumab induction and maintenance
injections. If still no response or if response is
lost switch to surgery.
Strategy C: Infliximab induction infusions
followed by infliximab maintenance infusions if
patient responds. If no response, escalate
dose to 10mg/kg infliximab maintenance 89'746.54 2.149 509'256.80
infusions. If still no response or response is
lost switch to adalimumab induction and
maintenance injections
5 year model: Induction and maintenance
Newly diagnosed | treatment with MMXmesalazine (1200mg 9'582.42 3.445 1'248.48
or relapsing active | tablets once a day)
mild to moderate | 5year model: Induction and maintenance
disease treatment with Mesalazine (400mg tablets two | 9'568.69 3.434 Reference
Brereton et al. to three times a day)
(2010, UK) Lifetime model: Induction and maintenance
Newly diagnosed | treatment with MMXMesalazine (1200mg 37'196.70 14.861 12'897.00
or relapsing active | tablets once a day)
mild to moderate | Lifetime model: Induction and maintenance
disease treatment with Mesalazine (400mg tablets two | 36'693.72 14.822 Reference
to three times a day)
Patients IV cyclosporine plus IV hydrocortisone. If
hospitalised with | patient respon(_js, switch to oral c_yclo_sponne 32'970.62 0.7 Reference
Punekar et al. acute sewere plus oral prednlsolope and azathioprine. For
(2010, UK) & exacerbations non-responders, switch to surgery
' refractory to Colectomy: 71% of patients receiwe illeostomy
intravenous (V) and 29% of patients receive ileal pouch anal 31'051.18 0.58 15'995.29
hydrocortisone anastomosis (IPAA)
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Standard care: Continue IV hydrocortisone for
7 days. If patient responds, switch to oral
prednisolone and azathioprine. For non-
responders, switch to surgery.

33'702.01

0.68

Dominated

Infliximab induction infusions plus IV
hydrocortisone. If patient responds, receive
two more infliximab infusions plus
prednisolone and azathioprine. For non-
responders, switch to surgery

36'109.03

0.8

31'384.13

Prenzler et al.
(2011, Germany)

Newly diagnosed
or relapsing mild
to moderate
active disease

MMX mesalazine (2400mg/day) induction and
maintenance therapy for patients who
respond. For non-responders, increase dose
to 4800mg/day and if still no response add oral
corticosteroids. If still no response or relapse,
patient receives immunosuppressants and/or
IV steroids and surgery if medical treatment
continues to fail.

6'902.31

3.32

MMX is
dominant

Mesalazine (2400mg/day) induction and
maintenance therapy for patients who
respond. For non-responders, increase dose
to 4800mg/day and if still no response add oral
corticosteroids. If still no response or relapse,
patient receives immunosuppressants and/or
IV steroids and surgery if medical treatment
continues to fail.

7'774.18

3.309

Reference

Connolly et al.

(2012, Netherlands)
63

Mild to

moderately active
disease

Induction treatment with 1g topical mesalazine
combined with 4g oral mesalazine

2'989.80

0.56

Combination
therapy is
dominant

Induction treatment with 4g oral mesalazine
and placebo enema monotherapy

3'989.56

0.55

Reference

Mild to moderate
diseasein
remission

Maintenance treatment with once daily 2g
mesalazine

1'751.61

0.931

Once daily
mesalazine is
dominant
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Maintenance treatment with twice daily 1g
mesalazine

2'034.74

0.927

Reference

Park et al. (2012,
USA) %

Hospitalised
patients with
severe pancolitis

Standard medical therapy: IV
methylprednisolone followed by mesalazine
maintenance treatment for responders; if
response lost during maintenance therapy
switch to azathioprine. For methylprednisolone
non-responders switch to infliximab induction
infusions and maintenance infusions for
responders. For infliximab non-responders,
switch to tacrolimus. If all medical therapies
fail, switch to colectomy with IPAA.

261'132.75

20.78

1'631'495.11

Early colectomy with IPAA: Subtotal colectomy
and laparoscopic IPAA given after initial
hospitalisation followed by medical treatment
for patients with acute or chronic pouchitis.

163'243.05

20.72

Reference

Saini et al. (2012,
USA) &

Recently
diagnosed, mild to
moderate 5-ASA
responsive
disease in
remission

Inflammation-targeted treatment: patients
receive predictive stool testing every 3 months
and those with positive test treated with 3-
month course of 5-ASA

25'186.38

4.5

Reference

Symptom-targeted treatment: 5-ASA used for
symptomatic disease flares

26'931.90

4.5

623'401.80

Continuous maintenance treatment: 5-ASA
maintenance therapy for all patients in
remission

28'305.12

4.5

Dominated

Chaudhary et al.
(2013, Netherlands)
65

Patients
hospitalised with
acute severe
exacerbations
refractory to IV
steroids

Infliximab induction infusions followed by
infliximab plus azathioprine and oral steroids
for responders. Maintenance treatment
continued with azathioprine and oral steroids
for responders. Non-responders or patients
who lose response switch to surgery.

23'113.73

0.8

Reference
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IV cyclosporine followed by oral cyclosporine
plus azathioprine and oral steroids for
responders. Maintenance treatment continued

with azathioprine and oral steroids for 20027.74 0.7 30%859.85
responders. Non-responders or patients who
lose response switch to surgery.
Surgery with no concomitant medication use 18'937.22 0.58 18'984.14
Connolly et al. . . : . . Once dal.ly .
Mild to moderate | Induction therapy with once daily mesalazine | 4'001.12 0.57 mesalazine is
(2014, Netherlands) o ;
66 active disease dominant
Induction therapy with twice daily mesalazine | 4'583.78 0.56 Reference
Whole population (patients who received anti-
TNF inhibitor and those who did not):
Moderate to Cor.wenti(.)nal thergpies: Combination of
. aminosalicylates, immunomodulators and 49'122.75
f:f\r/:(r:(taodlsg?se corticosteroids
. Y Surgery: 40% of patients have illeostomy and .
inadequately 0 Dominated
responding to 60% have subtotal proct_ocole_ctomy
conventional Vedolizumab: Induction infusions of
Essat et al. (2014, therapy and anti- vedolizumab followed by maintenance
UK) Takeda TNF alpha agents infusions for responders. For non-responders Reference
submission 5% switch to surgery. For patients who
discontinue biologic treatment switch to
conventional therapy
Moderate to Anti-TNF alpha naive patients:
sewere disease Conventional therapies (combination of
refractory or aminosalicylates, immunomodulators and 7'172.86
inadequately corticosteroids)
responding to Surgery: 40% of patients have illeostomy and Dominated
conventional 60% have subtotal proctocolectomy
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therapy and anti-
TNF alpha agents

Infliximab: Induction infusions of infliximab
followed by maintenance infusions for
responders. For non-responders switchto
surgery. For patients who discontinue biologic
treatment switch to conventional therapy

Dominated

Adalimumab: Induction injections of
adalimumab followed by maintenance
injections for responders. For non-responders
switch to surgery. For patients who
discontinue biologic treatment switch to
conventional therapy

9'787.08

Golimumab: Induction injections of golimumab
followed by maintenance injections for
responders. For non-responders switchto
surgery. For patients who discontinue biologic
treatment switch to conventional therapy

Dominated

Vedolizumab: Induction infusions of
vedolizumab followed by maintenance
infusions for responders. For non-responders
switch to surgery. For patients who
discontinue biologic treatment switch to
conventional therapy

Reference

Moderate to
sewvere disease
refractory or
inadequately
responding to
conventional

Patients who failed TNF-alpha inhibitors:

Conwventional therapies: Combination of
aminosalicylates, immunomodulators and
corticosteroids

95'892.42

Surgery: 40% of patients hawve illeostomy and
60% have subtotal proctocolectomy

Dominated
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therapy and anti-
TNF alpha agents

Vedolizumab: Induction infusions of
vedolizumab followed by maintenance
infusions for responders. For non-responders

switch to surgery. For patients who Reference
discontinue biologic treatment switch to
conventional therapy
Infliximab induction infusions followed by
maintenance infusions for responders. For
non-responders, switch to relapse 64'509.13 5.7 57'765.06
management with IV steroids. For patients
who fail IV steroids switch to colectomy.
Moderate to Golimumab induction injections followed by
severe disease maintenance injections for responders. For
Archeretal. (2016, | refractory or non-responders, switch to relapse 45'608.55 5.54 40'518.32
UK) MSD inadequately management with IV steroids. For patients
Submission * responding to who fail IV steroids switch to colectomy.
conventional Adalimumab induction injections followed by
therapy maintenance injections for responders. For
non-responders, switch to relapse 46'651.89 5.49 Dominated
management with IV steroids. For patients
who fail IV steroids switch to colectomy.
Immediate colectomy 22'918.28 4.98 Reference
Adalimumab induction and maintenance
Moderate to injections for patients who respond. For non-
severe disease responders, (_jose escalatlor? to 40mg eyery_ 112'700.41 573 50'730.06
Archer et al. (2016, | refractory or week and switch to conventional therapies if
UK) Abbvie inadequately still no response. For non-responders to
Submission % responding to conventional treatments, switch to surgery.
conventional Conwentional therapies: Anti-inflammatory
therapy drugs or immunosuppressants). For non- 75'160.16 4.99 Reference

responders, switch to colectomy
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Moderate to No adalimumab: Patients receive no treatment
severe active and remain in chronically unwell state to avoid | 89'881.15 3.154 59'398.07
Beilman et al corticosteroid- colectomy
(2016, Cana d.a) 69 dependent and/or | Adalimumab therapy: Adalimumab induction
' intolerant to injections and maintenance injections for .
. . . 99147.25 3.321 Reference
thiopurine responders. For non-responders, switch to
treatment steroid therapy.
Public payer perspective: Golimumab and
Moderate to standard care combination induction treatment
sewere disease followed by maintenance treatment for
refracton or not responders. For non-responders, switch to 53'374.23 19.241 222'355.35
resnon d?:] standard care alone and, if failure persists,
conr\)/entior?al switch to colectomy. Maintenance treatment
theravies and with golimumab restricted to 1 year.
contrzin dicated Public payer perspective: Standard care alone
for cyclosporine induction and maintenance treatment 26'024.52 19.118 Reference
Stawowczvk et al y P regardless of response. If disease remains ' ’
y 0 active, switch to colectomy.
(2016, Poland) ™ : . .
Moderate to Societal perspective: Golimumab and standard
severe active care combination induction treatment followed
disease refractory | 2 Maintenance treatment for responders. FOr | ;74514 g5 | 19 241 212762.53
or not responding non-responders, switch to standard care alone
comentional and colectomy if failure persists. Maintenance
medical theranies treatment with golimumab restricted to 1 year.
and P Societal perspective: Standard care alone,
contraindicated induction and maintenance treatment 147'041.79 19.118 Reference

for cyclosporine

regardless of response. If disease remains
active, switch to colectomy.
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Stawowczyk et al.

(2016, Poland) ™

Moderate to
severe active
disease refractory
to conventional
medical therapies

Public payer perspective: Adalimumab and
standard care combination induction treatment
followed by maintenance treatment for
responders. For non-responders, switch to
standard care alone and colectomy if failure
persists. Maintenance treatment with
golimumab restricted to 1 year.

27'464.00

15.204

101'409.52

Public payer perspective: Standard care alone
induction and maintenance treatment
regardless of response. If disease remains
active, switch to colectomy.

13'266.67

15.064

Reference

Societal perspective: Adalimumab and
standard care combination induction treatment
followed by maintenance treatment for
responders. For non-responders, switch to
standard care alone and colectomy if failure
persists. Maintenance treatment with
golimumab restricted to 1 year.

125'020.00

15.204

95'190.48

Societal perspective: Standard care alone
induction and maintenance treatment
regardless of response. If disease remains
active, switch to colectomy.

111'693.33

15.064

Reference

Stawowczyk et al.

(2016, Poland) 2

Moderate to
sewvere refractory,
intolerant or
inadequately
responding to
conventional
medical therapies

Infliximab and standard care combination:
Infliximab plus standard care induction
infusions followed by maintenance therapy for
responders. For non-responders, switch to
adalimumab induction injections and
maintenance injections for responders. For
non-responders to adalimumab, switch to
conventional therapy alone or colectomy.

56'425.63

14.296

229'015.09

Standard care alone: Standard care induction
and maintenance treatment. If disease
remains active, switch to colectomy.

16'806.02

14.123

Reference
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Tappenden et al.
(2016, UK) ™

Moderate to

sewvere refractory
or intolerant to

conventional

medical therapies

Patients in whom surgery is an option:

Colectomy

83'011.66

14.71

Reference

Adalimumab induction injections followed by
maintenance injections for responders. For
non-responders, switch to conventional
therapy.

134'578.97

10.82

Dominated

Infliximab induction infusions followed by
maintenance infusions for responders. For
non-responders, switch to conventional
therapy.

142'505.70

10.81

Dominated

Golimumab induction injections followed by
maintenance injections for responders. For
non-responders, switch to conventional
therapy.

132'904.51

10.63

Dominated

Conventional treatment for induction and
maintenance phases (includes 5-ASA,
azathioprine, 6-mercaptopurine, prednisolone)

108'610.90

10.47

Dominated

Moderate to

severe refractory
or intolerant to

conventional

medical therapies

Patients in whom surgery is not an option:

Adalimumab induction injections followed by
maintenance injections for responders. For
non-responders, switch to conventional
therapy.

134'578.97

10.82

74'194.48

Infliximab induction infusions followed by
maintenance infusions for responders. For
non-responders, switch to conventional
therapy.

142'505.70

10.81

Extendedly
dominated

Golimumab induction injections followed by
maintenance injections for responders. For
non-responders, switch to conventional
therapy.

132'904.51

10.63

Extendedly
dominated

Conventional treatment for induction and
maintenance phases (includes 5-ASA,
azathioprine, 6-mercaptopurine, prednisolone)

108'610.90

10.47

Reference
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Infliximab 5mg/kg induction and maintenance

99290.01 per

infusions MH achieved
Moderate to Infliximab 10mg/kg induction and maintenance 123801.38 per
Yokomizo et al. severe active infusions MH achieved
(2016, USA) 3+ disease naiveto | Adalimumab induction and maintenance 316757.65 per
biologic agents injections MH achieved
Vedolizumab induction and maintenance 302331.36 per
infusions MH achieved
Vedolizumab induction infusions followed by
maintenance infusions for responders. For
non-responders, patients who lose response,
or patlents'who dlscontlnge due to adwerse 202'492 62 14.077 Reference
ewvents, switch to conventional therapy. If no
response to conventional therapy, switch to
another combination of conventional therapies
Moderate to
sewere active or SUrgery-
disease Infliximab induction infusions followed by
maintenance infusions for responders. For
refractory, .
inadequately non-responders, patients who lose response,
Wllsgn et al. (2017, responding or lost or patlents'who dlscontlnge due to adwerse 209'156.89 13.788 Dominated
UK) events, switch to conventional therapy. If no
response to . f
. response to conventional therapy, switch to
conventional o . .
: . another combination of conventional therapies
medical therapies
and who are anti- |-o >4 91y
. Adalimumab induction infusions followed by
TNF naive . . :
maintenance infusions for responders. For
non-responders, patients who lose response,
or patients who discontinue due to adverse 197'686.20 13.972 65'565.01

ewvents, switch to conventional therapy. If no
response to conventional therapy, switch to
another combination of conventional therapies
or surgery.
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Golimumab induction infusions followed by
maintenance infusions for responders. For
non-responders, patients who lose response,
or patients who discontinue due to adverse
ewvents, switch to conventional therapy. If no
response to conventional therapy, switch to
another combination of conventional therapies
or surgery.

203'018.58 13.809 Dominated

"Conventional therapy/standard of care is defined as drug treatment with aminosalicylates, methotrexate, corticosteroids, azathioprine,
metronidazole or surgery; standard dosing approved by FDA and EMA applies unless otherwise specified.

TUnless otherwise stated, the ICER reports the cost per QALY gained

*When only ICERs were reported these were conwerted to 2015 PPP values using the PPP exchange rate for the original currency
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Mild UC

The cost-effectiveness of high dose MMX™ mesalazine, once daily 2g mesalazine and concomitant
oral and topical mesalazine compared to standard oral mesalazine for induction and maintenance of
remission was demonstrated across various time horizons in different health systems; ICERs were
dominant in five European studies® ®% ¢ %_|n contrast, in the USA high dose (4.8g/day) maintenance
mesalazine was not cost-effective, despite increased QALYs and decreased risk of flares®.
Interestingly, an inflammation-targeted re-treatment strategy was shown to dominate maintenance
treatment with mesalazine even when costs of a predictive stool test every 3-months is taken into

account®,

Moderate or severe UC

Only one study evaluated moderate to severe UC eligible for treatment with conventional medications
and found high dose mesalazine was dominant when administered over a short 12 week time horizon
due to lower costs compared to standard dose mesalazine (5°878.12 PPP/QALY versus 6’105.16

PPP/QALY)%.

In addition, colectomy soon after diagnosis of severe UC was more cost-effective than first-line medical
therapy (methylprednisolone and azathioprine, followed by infliximab induction and maintenance
therapy); however, this study used single-centre cost values potentially reducing the generalisability of

these results?®.

UC refractory to conventional therapies

Compared to standard care, infliximab induction and maintenance therapy was either dominated®” >
or had very high ICERs®"2in studies reflecting European health systems. On the other hand, infliximab
was cost-effective for patients hospitalised with acute severe exacerbations and refractory to IV steroids
compared to continued IV cyclosporine (30'859.85 PPP/QALY) and surgery (18'984.14 PPP/QALY )&,

These results support the findings from a similar modelling study based in the UK®.,
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Moreover, induction and maintenance treatment with adalimumab produced high ICERs, ranging from
74,194.48 PPP/QALY in the UK to 317,985.64 PPP/QALY in Canada, compared to standard care® ™
®, However, adalimumab was cost-effective in a Canadian setting when compared to a strategy without
adalimumab, including scenarios with no treatment, treatment with steroids and colectomy®.
Alternatively, in a lifetime model based in the UK, surgery dominated anti-TNF agents and conventional
therapies in a subgroup of patients where surgery was acceptable and feasible”™. When surgery was
not feasible, adalimumab dominated infliximab and golimumab but overall conventional therapies were

the most cost-effective treatment option.

Recent studies in the UK point to the cost-effectiveness of vedolizumab in an anti-TNF alpha naive
population when compared to infliximab, golimumab, adalimumab and conventional therapies; ICERs
for each agent ranged from dominance to 9’787 PPP/QALY® 7, Vedolizumab was associated with the
highest QALY's compared to anti-TNF alpha agents over the patient’s lifetime™. Findings from the USA
contradicted this, suggesting that vedolizumab would only be cost-effective as a first-line treatment if

drug costs fell below 2'500 USD*.

Risk of bias assessments

On average, 67% and 71% of criteria were fulfilled from the Drummond et al. (1996) checklist and 49%
and 55% of criteria were fulfilled from the Phillips et al. (2004) checklist for CD and UC, respectively,
representing fair quality (see Supplementary Files Table A4 and Table A5). Studies failed to report
details on the methods of synthesis of effectiveness data, the population from which utility values were
acquired, and disaggregated cost and resource use data. In addition, only 57% of CD studies and 29%
of UC studies declared that there were no potential conflicts of interest from researchers and funding
sources. This likely reflects the growing demand for the pharmaceutical industry to show not only the

clinical effectiveness but also the cost-effectiveness of their products ™.

DISCUSSION

This review found that, in general, biologic agents help to improve outcomes in terms of QALY's and
remission rates; however, at current prices they did not provide good value for money in the majority of

clinical situations when compared to conventional therapies. In particular, when administered to
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maintain remission and when compared to current conventional therapies, biologic agents were not
cost-effective in both CD and UC. Moreower, the cost-effectiveness ofbiologic agents compared to each
other remains inconclusive, reflecting a major gap in the literature. Importantly, evidence from CD
illustrates the potential for biologic agents to be cost-effective if initiated early (as a top-down strategy)
and when the patient’s lifetime clinical management is considered. In addition, in UC, high dose
mesalazine for mild disease and early surgical intervention for severe and refractory disease showed
greater cost-effectiveness compared to the standard of care and biologic agents, respectively. These
findings, however, should be reviewed within the context of the methodologies used and the health

systems represented in the studies.

ICERs for induction and maintenance treatment with infliximab and adalimumab compared to
conventional therapies were well above acceptable cost-effectiveness thresholds in CD and UC
refractory to conventional therapies? 353845 4753596768 73 |n clinical practice maintenance treatment with
biologic agents is preferred to intermittent re-treatment strategies due to the potential development of
anti-drug antibodies. Sewveral authors extrapolated the costs and effects of maintenance treatment
with biologic agents over a long time horizon, which could explain the high costs incurred over time. In
contrast, both infliximab and adalimumab were cost-effective for patients with moderate to severe CD

when maintenance treatment was limited to one year® .

Interestingly, when treatment with
adalimumab and infliximab was modelled over the patients’ lifetime rather than one or two years, the
ICERs were no longer cost-effective®. This suggests an opportunity for the cost-effectiveness of
biologic agents if short maintenance therapy schedules are defined and adhered to. Alternatively,
maintenance therapy with gradual dose intensification or concomitant treatment with

immunomodulators have been suggested to reduce the risk of immunogenicity for both CD and UC;

however, the clinical- and cost-effectiveness of these strategies need to be validated” ™.

The cost-effectiveness of front-line induction therapy using infliximab in newly diagnosed CD patients
was an important finding®. Current treatment guidelines resere biologic agents as second-line
treatment for moderate to severe disease or when conventional treatments fail® 6. Howewer, early
management of CD with infliximab reduced the rate of relapse and hospitalisation compared to patients

who received upfront steroids®. It has been argued that early intervention with biologic agents in
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patients who are at high risk of complications may provide long-lasting benefit and help to alter the
clinical course of the disease™. Stratifying patients based on their risk of complications soon after

diagnosis may be one way to ensure the value for money of biologic agents is captured®.

Recent economic evaluations have compared a broader scope of interventions, including newer
biologic agents and surgery. For example, in UC refractory to conventional treatments, one study
showed vedolizumab was cost-effective compared to anti-TNF agents™, while another study found
surgery was cost-effective compared to conventional and anti-TNF agents ®. Such evidence was limited
in literature on CD, where only one study, submitted by the manufacturers of vedolizumab, compared
adalimumab, infliximab and conventional treatments to vedolizumab®. Importantly, this study had a
high risk of bias due to the assumptions made in the modelling and because the choice of comparators
was not comprehensive. Models which incrementally compare treatment strategies are useful for
decision-making since they are inline with routine clinical practice where a broad choice ofinterventions

exists.

Animportant opportunity for the cost-effectiveness of biologic agents is falling drug prices over time due
to the increasing number of biologic agents available on the market and in the development pipeline.
Moreover, as patents for older biologic agents expire, biologically similar (biosimilar) versions are
entering the market, creating an important opportunity for increasing access and reducing costs.
Biosimilars to infliximab have been available for IBD since 2013, in Europe, and 2016, in the USA and
sewveral biosimilars to adalimumab are in the pipeline®. While biosimilars are not identical in molecular
structure to their reference products, they have been shown to have similar safety and efficacy
profiles®. In addition, biosimilars show promise in reducing costs, with initial research suggesting they

enter the market at up to 30% lower cost compared to their reference products®.

Future research is needed to address the gaps identified in the published literature. Firstly, indirect
costs (i.e. non-medical costs incurred by the patient due to their disease such as absence from work)
were not taken into account in the majority of studies. Indirect costs have been shown to exceed direct
costs because IBD is often diagnosed in adolescence and early adulthood and therefore impacts

patients’ during their peak productive years®. Secondly, studies relied on utility scores from a few
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studies associated with a high degree of uncertainty#. When using secondary data sources, there is
arisk of introducing bias when specific disease states used in the economic model do not match those
for whichthe utilities were derived. Moreower, evidence suggests, utility scores vary across geographies
due to cultural differences®. In several studies the utility scores were found to impact the overall cost-
effectiveness results significantly; therefore, these should be accurately captured with large samples
from the countries evaluated. Future economic models could also help to identify optimal strategies for
the use of biologic agents, including the impact of early adoption, risk stratification and the impact of

switching between different agents over time®.

This study has seweral strengths including that a broad inclusion criteria allowed for an owerall
understanding of the commonly evaluated treatments in IBD and their cost-effectiveness across
different clinical presentations and health systems. In addition, by inflating and converting costs to a
common currency we were able to make more reliable comparisons of results between studies. The
review methods were documented a priori and approved by all co-authors in order to limit bias in the
selection of studies. This systematic literature review incorporates evidence from newer biologic agents
and the large number of studies on UC published in 2016, which the latest review did not capture®. In
addition, this review differs from previous literature reviews which focus only on biologic agents ® or
were less systematic and focused on specific agents and/or diseases® . One limitation of the review
methods is that one reviewer conducted the literature search, study selection, data extraction and risk

of bias assessments, which may have introduced bias into the selection and criticalappraisal of studies.

Economic evaluations in IBD have become increasingly popular over the last decade due to the growth
of therapeutic options from nowel and efficacious biologic agents. While the need for and benefit of
systematic reviews in economic evaluations has been contested by some authors®, this review shows
that it is an effective tool to gain an understanding of drivers of treatment costs and benefits across
countries. The main limitation to systematic reviews of economic evaluations is the lack of consensus
around acceptable cost-effectiveness thresholds. Previous reviews used different thresholds including
35’000 Euros/QALY (38290 USD)® and 100’000 USD/QALY®. This study found that studies generally
concluded that treatments were cost-effective when ICERs were below 50’000 PPP/QALY. Systematic

reviews in health economics could become more effective as a decision-making tool for clinicians and
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policy makers if consensus on methods of synthesis, taking into account variation in costs across

countries and health systems, can be established.

The results of this review have major implications for future research in this field. Biologic agents were
associated with ICERs above 100’000 PPP/QALY in the majority of studies for CD and UC; howe\er,
their use consistently demonstrated improvements in quality of life and remission rates. In the future,
cost-effectiveness of biologic agents may improve as the market price falls and with the introduction of
biosimilars®. Future economic models need to strengthen existing literature by more accurately
reflecting real world treatment pathways, ensuring the chronic and dynamic nature of IBD is captured

and accounting for indirect, as well as direct costs, incurred by the health system and the patients.
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ABSTRACT

Background

Inflammatory bowel disease (IBD) places an economic strain on health systems due to expensiwe
pharmaceutical therapy, risk of hospitalisation and surgery, and long-term monitoring. The ewlving
treatment guidelines advocate rapid scale-up to biologic agents in order to improve health outcomes
and quality of life. This study evaluated changes in health care utilisation and expenditures for IBD in

Switzerland over time.

Methods

We extracted clinical, patient and resource consumption data from the Swiss IBD Cohort Study between
2006 and 2016. Average unit costs for IBD-related events were derived from Swiss claims data and
pharmaceutical price lists. We used multivariate regression, controlling for patient-level characteristics,

to estimate trends and determinants of direct and indirect costs and resource utilisation.

Results

We included 2,365 adults diagnosed with Crohn’s disease (CD; N=1,353) and ulcerative colitis (UC;
N=1,012). From 2006 to 2016, mean health care expenditures per patient per year were 9,504 euros
(70% drugs, 23% inpatient, 7% outpatient) for CD and 5,704 euros (68% drugs, 22% inpatient, 10%
outpatient) for UC. Healthcare costs increased by 7% (CD) and 10% (UC) per year, largely due to rising
pharmaceutical expenditures driven by increased biologic agent use. Inpatient, outpatient and indirect
costs fluctuated and did not offset increased pharmaceutical costs. Disease characteristics were

important predictors of costs.

Conclusions

Increased expenditure for IBD was marked by a shift towards greater pharmaceuticalmanagement over
the past decade. This study highlights the need to identify cost-effective treatment strategies in the face

of increased uptake and expenditures associated with innovative treatments.
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INTRODUCTION

Crohn’s disease (CD) and ulcerative colitis (UC), known as inflammatory bowel disease (IBD), are
chronic conditions causing inflammation in the gastrointestinal tract and extra-intestinal complications.
With a growing worldwide prevalence, IBD poses a global public health challenge due to sewere
morbidity and high health care utilisation®. The estimated prevalence of IBD in many high-income
countries is greater than 0.3% of the population® In Western Europe, the prevalence of CD and UC
ranged between 28 to 322 and 43 to 505 per 100,000 persons, respectively? IBD follows a course of
exacerbation and remission of inflammation, and is characterised by chronic abdominal pain, diarrhoea
and weight loss®*“. In addition, IBD patients often experience extra-intestinal manifestations (EIMs)

commonly involving inflammation of the joints, skin and eyes®.

While treatment for IBD is not curative, clinical management aims to induce and maintain remission
using pharmaceutical agents and surgery. This creates a large health and economic burden due to
long-term medical monitoring, high rates of productivity loss and expensive clinical care®’. According
to a large cohort study across European countries, total direct health care costs within the first year of
diagnosis was 5,942 euros and 2,753 euros per patient for CD and UC, respectively®. Previous literature
suggested that these costs were driven by surgeries and increasing use of biologic agents®. The
ewlving treatment landscape for IBD adwvocates early use of and rapid scale-up to biologic agents in
order to reduce surgery rates and improve health outcomes and quality of life. Consequently, concems
have been raised about the owverall impact on health care costs, particularly because the cost-
effectiveness of long-term biologic agent use remains inconclusive when compared with conventional

therapies due to high drug costs™.

In Switzerland, total health care costs for IBD patients increased by 6% per year compared to 2.4% in
non-IBD equivalent individuals largely due to increased outpatient management!. With a rising
prevalence, estimated between 0.2% and 0.4%, increased costs of IBD management will have major
implications for health financing and clinical practice in Switzerland** 2. As approaches to contain the
growth in health expenditures are considered, it becomes increasingly important to understand what

drives costs in the health system and where efficiency gains can be made®**“.
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This study aimed to evaluate annual patient-level changes in health care utilisation and direct and
indirect costs of IBD in Switzerland, associated with therapeutic advancements and disease
progression. We first described trends in health care utilisation and expenditures for inpatient,
outpatient, and pharmaceutical care, and indirect costs associated with productivity loss due to work
absenteeism, for CD and UC patients between 2006 and 2016. Second, we evaluated how patient

demographic, socio-economic, and clinical characteristics affected costs in an explanatory model.

METHODS

Study design and population

We conducted a retrospective costing study from the societal perspective, including both direct health
care costs paid by all third parties and indirect costs due to work absenteeism. Adult patients (=18
years) diagnosed with CD or UC, enrolled in the Swiss IBD Cohort Study (SIBDCS) from 2006 to 2016,
were included in this study. We excluded patients with indeterminate IBD, those who had a change of

diagnosis during follow-up, and those who failed to return at least one patient questionnaire.

Cohort data

The SIBDCS is a national prospective cohort recruiting patients from academic and non-academic
centres across Switzerland since 2006"°. The cohort is dynamic with continual enrolment of patients by
their treating physicians. Data were collected annually through paper-based questionnaires completed
by physicians and patients. Physician-reported data were validated to ensure accuracy and
completeness. We extracted physician-reported data on patient demographics, disease characteristics,
and IBD-related pharmaceutical use, surgical procedures, hospitalisations and imaging scans (see
Supplementary Files Table B1 and Table B2 for a full list of procedures and drugs considered). In
addition, we used patient-reported data on employment status, days absentfrom work peryear, general
IBD-related hospitalisations and outpatient consultation \isits to ambulatory outpatients, general
practitioners (GP), and gastroenterologists. The frequency of outpatient consultations was based on a

3-month recall, which was scaled up by a factor of four to extrapolate to annual consultation rates.
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Patient characteristics included age, gender, canton (region) of treatment, smoking history (current,
former, and non-smoker), education attainment (less than the obligatory level of school, basic and
obligatory school, vocational apprenticeship, upper secondary school, and tertiary education), and

employment status (full-time, part-time, student, unemployed, and retired).

Clinical characteristics included diagnosis (CD and UC), disease sewerity (remission, mild, moderate,
and sewvere), disease location (L1 ileal, L2 colonic, L3 ileocolonic, L4 isolated upper disease, L1+L4,
L2+L4, L3+L4, pancolitis, left-sided colitis, and proctitis), disease behaviour (B1 non-penetrating, non-
stricturing disease, B2 stricturing disease, B3 penetrating disease, and B1p/B2p/B3p representing
perianal involvement), disease duration (time from diagnosis to year of event), and binary variables for
the presence/absence of fistula, abscess, fissure, stenosis, EIMs (including peripheral
arthritis/arthralgia, uweitis/iritis, pyoderma gangrenosum, eythema nodosum, aphthous oral
ulcers/stomatitis, ankylosing spondylitis, sacroilitis, and primary sclerosing cholangitis), and other major
complications  (including colorectal cancer, colon dysplasia, intestinal lymphoma,
osteopenia/osteoporosis, anaemia, deep venous thrombosis, pulmonary embolism, nephrolithiasis,
gallstone, malabsorption syndrome, massive haemorrhage, perforation/peritonitis, and pouchitis).
Disease sewerity was defined based on the Crohn’s Disease Activity Index (CDAI) and, for UC, the

modified Truelove and Witts Activity Index (MTWAI).

Indirect cost data

We used the human capital approach to calculate indirect costs from productivity loss*®. This assumed
that the monetary value of an individual's contribution to an employer is equal to their wage rate and
therefore absence from work results in lost salary. We extracted patient-reported IBD-related absence
from employment (full-time and part-time) and education from the SIBDCS (recorded from 2007
onwards). National median salaries by age group and gender, obtained from the Swiss Federal Office
for Statistics'’, were multiplied by days absent from work/education to derive an estimate of indirect

costs.
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Direct cost data

Direct costs included all IBD-related health care costs for inpatient, outpatient, and pharmaceutical
interventions. Unit cost estimates for inpatient and outpatient events were derived from anonymised
insurance claims data from 2012 to 2014 provided by the Helsana Group. The Helsana Group provides
mandatory health insurance for up to 15% of the Swiss population across all cantons™. IBD patients in
the insurance database were identified based on pharmaceutical use and consultations with

gastroenterologists™.

The costs of inpatient events were derived from Swiss-Diagnosis Related Group (DRG) codes. DRG
cost weights are standardised nationally and multiplied by a hospital-specific base rate. DRG codes in
Switzerland are not procedure-specific and represent a bundle of care provided during a hospitalisation,
incorporating the costs of resources used, including all surgical and medical interventions, health worker
time, average length of stay, and excess bed days®®. Unit costs for surgical interventions are not
available in Switzerland; thus unit costs used in this study reflect the total average cost of an inpatient
stay when a given surgery was performed. To capture IBD-related hospitalisations, we used DRG codes

for diseases of the digestive system (Major Diagnostic Category 6).

The costs of outpatient events were derived from a nationwide tariff system (TARMED)*. TARMED
contains more than 4000 lewels of detailed outpatient activities and associated nationally standardised
cost weights. This was used to derive unit costs for IBD-specific general consultations, specialist visits,

imaging scans, examinations, and parenteral drug administration.

Pharmaceutical costs were derived from publicly available national price lists in Switzerland from
2017%. Dose recommendations from Swiss guidelines were used to calculate an average drug cost per
dose®. We assumed costs for 1 gastroenterologist consultation for any new prescription and drug

administration costs (including infusion costs and nurse time) for infliximab and vedolizumab infusions.

Statistical methods and analysis

We used Poisson regression models to derive average unit cost estimates of inpatient and outpatient

procedures adjusted for age (in 10-year groups), gender, and canton of the health care provider. The
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Poisson model was used instead of crude mean costs because health care in Switzerland is
decentralised and cost variations exist between cantons. This model accounted for the non-negative
and skewed characteristics of cost data and proportionally adjusted for the effect of covariates?®
Adjusted average unit cost estimates were used to cost-weight the resource utilisation reported in the

SIBDCS by age-gender-canton groups.

All unit costs are reported in Supplementary Files Table B1 and Table B2. Costs were inflated to 2017
prices using the consumer price index (CPI)%. Therefore, the analysis reflected changesinthe quantity,
intensity, and composition of health care utilisation and productivity loss, and not changes in prices and

wage rates, which were held constant over time.

Trends in expenditures over time

We analysed mean expenditures (total direct and indirect costs) for the study population between 2006
and 2016 using fixed effects linear regression models with binary variables representing the year in
whichanevent occurred. This model adjusted fortime-invariant individual fixed effects, which controlled
for variations in costs due to changes in the composition of the cohort population related to continuous
enrolment and attrition®*. Total direct costs were broken down by health care sector (drug, inpatient,
and outpatient). We report the mean costs per patient per year and annual growth rates with 95%

confidence intervals (CI).

Multivariate regression analysis

Using a two-part model, we evaluated drivers of direct and indirect expenditures controlling for the year
in which events occurred, time followed up in the SIBDCS (cohort wawe), disease duration, and patient
and clinical characteristics described previously. This model accounted for zero costs associated with
non-use of health care, and estimated the expected mean adjusted costs for the full sample?. The first
part estimated the probability of a non-zero health care cost in logistic regression models, and the
second part estimated the mean expected costs conditional on having a positive cost, using generalised
linear regression models (GLM) with a gamma distribution and log-link?®®. GLM gamma models are
frequently used for health care costs because they take into account skewness and heteroscedasticity

and constrain predicted average costs to be positive on the log scale, without associated
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retransformation biases®*?’. The expected mean costs by sector of clinically and statistically important
covariates with 95% CI are reported; standard errors were clustered due to the panel data structure.
Expected costs were calculated by multiplying the probability of a non-zero cost (first part) by the
expected costs conditional on having a non-zero cost (second part), after adjusting for the same
covariates in both parts®. Full model results are available in the Supplementary Files (Table B3 and

Table B4).

Changes in the utilisation of biologic agents, outpatient consultations, hospitalisations, and surgical
interventions (binary variables) over time were evaluated using random effects logistic regression
models adjusting for patient and clinical characteristics. The expected probabilities of experiencing an

event with 95% Cl are reported.

Statistical analyses were performed in Stata Version 14 (College Station, TX). Descriptive statistics for
the study population included the mean and standard deviation (SD) for continuous variables, and
frequency and percentages for categorical variables. Costs were converted from Swiss francs (CHF) to

euros using the average exchange rate for 2017 of 1 CHF = 0.90 euros?®.

RESULTS

Descriptive characteristics of the study population

In total, 2365 adults were included in this analysis, 1353 (57%) with CD and 1012 (43%) with UC. The
majority of CD patients were female (54%) compared to 48% of UC patients (Table 4). On awerage,
patients were enrolled in the cohort at age 42 and received their diagnosis 11 (CD) and 9 (UC) years
before enrolment. Enrolment in the SIBDCS is continuous, with patient numbers increasing from 989 to

1792 from 2006 to 2016. On average, patients were followed up for 9 years.
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Table 4 Descriptive socio-demographic and clinical characteristics of the study population

Crohn’s disease

Ulcerative Colitis

(N=1353) (N=1012)
Female gender (N, %) 736 (54%) 482 (48%)
Age at enrolment (Mean, SD) 41 (15) 43 (14)
Smoking status at enrolment (N, %)
Current smoker 621 (46%) 222 (22%)
Former smoker 85 (6%) 28 (3%)
Non-smoker 621 (46%) 736 (73%)
Missing 26 (2%) 26 (3%)
Provider canton by language (N, %)
German 904 (67%) 717 (71%)
French 449 (33%) 295 (29%)
Education attainment (N, %)
No education 26 (2%) 14 (1%)
Basic & obligatory school 176 (13%) 116 (11%)
Vocational apprenticeship with diploma 574 (42%) 391 (39%)
Upper secondary school 160 (12%) 115 (11%)
Tertiary education 396 (29%) 362 (36%)
Missing 21 (2%) 14 (1%)
Employment status at enrolment (N, %)
Full-time employment 726 (54%) 554 (55%)
Part-time employment 258 (19%) 202 (20%)
Education 31 (2%) 27 (3%)
Unemployed 151 (11%) 115 (11%)
Retired 186 (14%) 114 (11%)
Missing 1(0.1%) 0
Disease duration at enrolment (Mean, SD) | 11(10.3) 9(9.1)
Montreal classification at enrolment (N, %)
Non-stricturing, non-penetrating (B1) 739 (54.6%)
Stricturing (B2) 308 (22.8%)
Penetrating (B3) 306 (22.6%)
Perianal involvement (B1p/B2p/B3p) 351 (25.9%)
Disease location at diagnosis (N, %)
lleal (L1) 321 (24%)
Colonic (L2) 303 (22%)
lleocolonic (L3) 610 (45%)
Upper gastrointestinal disease (L4) 13 (1%)
L1+L4 14 (1%)
L2+L4 10 (1%)
L3+L4 37 (3%)
Pancolitis 391 (39%)
Left-sided colitis 366 (36%)
Proctitis 229 (23%)
Missing 45 (3%) 26 (3%)
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Disease activity at enrolment* (N, %)

Remission 1,271 (94%) 541 (53%)
Mild 56 (4%) 110 (11%)
Moderate 25 (2%) 145 (14%)
Sewere 1(0.1%) 216 (21%)
Total years of follow-up in SIBDCS (Mean, 9.(2.6) 9(2.5)
SD)

Highest level of treatment received at

enrolment§

Biologic agent 531 (39%) 165 (16%)
Immunosuppressant 478 (35%) 328 (32%)
No treatment 144 (11%) 76 (8%)
Aminosalicylates 87 (6%) 293 (29%)
Topical steroids 56 (4%) 46 (5%)
Systemic steroids 46 (3%) 89 (9%)
Other (bile acid preparations, probiotics, 6 (0.44%) 9 (1%)
bisphosphonates)

Antibiotic 5 (0.37%) 6 (1%)

Highest level of treatment received during
whole follow-up§

Biologic agent 783 (58%) 308 (30%)
Immunosuppressant 360 (27%) 303 (30%)
No treatment 77 (6%) 42 (4%)
Aminosalicylates 46 (3%) 205 (20%)
Topical steroids 40 (3%) 42 (4%)
Systemic steroids 34 (3%) 85 (8%)
Antibiotic 9 (1%) 19 (2%)
Other (bile acid preparations, probiotics,

bisphosphonates) 4 (0.30%) 8 (1%)

*Crohn’s disease activity index (CDAI): remission <150; mild 2150 & <200; moderate 2220 & <450; severe
2450; Modified Truelove and Witts activity index (MTWAI): remission <3; mild <4 & =3; moderate 24 & <6;
severe 26

8Highest level of treatment received during follow-up in the SIBDCS is defined based on the step-up
treatment protocol.

Patients had 5 (CD, 95% CI: 4.8, 5.5; UC, 95% CI: 3.9, 4.6) outpatient consultations per year on

average; consisting of 2 gastroenterologist visits, 2 GP \visits and 1 ambulatory outpatient visit (Table

5). Inpatient events were rare but resulted in an average length of stay of 13 days.
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Table 5 Mean frequency of healthcare utilisation per patient per year from 2006-2016

Crohn’s disease
(N=1353)

Ulcerative Colitis
(N=1012)

Overall outpatient consultations
(mean, 95%Cl)

5.16 (4.82, 5.50)

4.23(3.91, 4.55)

Ambulatory outpatient visits

1.04 (0.93, 1.15)

0.93 (0.80, 1.05)

General practitioner visits

1.67 (1.48, 1.86)

1.29 (1.12, 1.46)

Gastroenterologist visits

2.45 (2.28, 2.62)

2.02 (1.86, 2.17)

Diagnostic scans (mean, 95%Cl)

0.63 (0.61, 0.66)

0.60 (0.57, 0.63)

Inpatient events (mean, 95% Cl)

0.13(0.11, 0.14)

0.07 (0.06, 0.08)

Surgical procedures

0.08 (0.07, 0.09)

0.02 (0.02, 0.03)

General hospitalisation for flare
management

0.04 (0.04, 0.05)

0.04 (0.04, 0.05)

Duration of general
hospitalisations for those
hospitalised (days)

12.77 (10.48, 15.1)

13.57 (0.38, 0.63)

Trends in expenditures over time

Mean total direct expenditures per patient per year were 9,504 euros (95% Cl: 9,047 euros, 9,961 eurcs;

median: 8,230 euros) for CD and 5,704 euros (95% CI: 5,303 euros, 6,106 euros; median: 4,578 euros)

for UC (Table 6).

Table 6 Mean and median costs (euros) per patient per year and annual growth rates (%) from

2006/7-2016 by sector

Crohn’s disease
(N=1353)

Ulcerative colitis

(N=

1012)

Mean (median)
cost (euros) per
patient per year

rates (95% ClI)

Mean annual growth

Mean (median)
cost (euros) per
patient per year

Mean annual growth
rate (95%Cl)

Total direct costs 9504 (8230) 7% (5%, 9%) 5704 (4578) ) 10% (7%, 14%)
Drugs costs 6618 (6678) 11% (9%, 14%) 3895 (3670) 11% (8%, 14%)
Inpatient costs 2188 (499) -0.52% (-7%, 6%) 1242 (241) 10% (-8%, 28%)
Outpatient costs§ 698 (517) 24% (16%, 33%) 567 (383) 33% (17%, 49%)

Indirect costs* 1339 (686) -9% (-39%, 21%) 707 (170) -28% (-58%, 2% )#

Adjusted mean annual growth rates were estimated from linear fixed effects regression models on the original cost

scale.

§Patient-reported data on outpatient consultations were routinely collected from 2007 onwards; howe\er, retrospective

data was available for some patients from 2006. Hence, the average growth rate is affected by a small sample of
observations in 2006. After excluding 2006, the mean annual growth rate for outpatient costs (i.e., from 2007 -2016)
was 2% for CD and UC. Cost estimates for drugs and inpatient events were captured from 2006 using patients’ medical

records.

*Data collection on patient-reported absenteeism began from 2007 onwards. Indirect costs are based on a smaller

sample of individuals reporting to be in employment or studying.

#The large decline in indirect costs over time for UC may be due to missing observations in 2007 and 2015/16;
analysing estimates from 2008-2014, suggests an annual decline of 5% on average.
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Total health care expenditures nearly doubled between 2006 and 2016, increasing from 5,685 euros to
11,059 euros per CD patient and from 2,807 euros to 6,041 euros per UC patient (Figure 3). This was
largely due to an average annual increase in pharmaceutical expenditures of 11% (CD 95% CI: 9%,
14%; UC 95% CI: 8%, 14%; Table 6) representing an absolute increase in drug costs of 5,500 euros
for CD and 3,000 euros for UC over 10 years. Drug expenditures accounted for almost 80% of total
health care expenditures in 2016 compared to 53% (CD) and 66% (UC) in 2006 (Figure 3). This was
marked by an increase in crude mean expenditures for biologic agents over time, accounting for 90%

(CD) and 73% (UC) of total drug costs in 2016 (Figure 4).
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Figure 3 Mean annual direct and indirect costs (euros) per patient and proportion of
expenditures by healthcare sector (outpatient, inpatient, and drugs) estimated using fixed
effects regression models for Crohn’s disease (A) and ulcerative colitis (B) [NB: Incomplete
patient records created uncertainty in indirect cost estimates in 2007 & 2015/2016 for UC
patients. Indirect costs are based on a smaller sample of individuals reportingto bein
employment or studying.]
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Figure 4 Crude mean drug costs (euros) per patient per year and proportion of total by drug
class for Crohn’s disease (A) and ulcerative colitis (B)

Outpatient costs grew by 24% for CD (95% CI: 16%, 33%) and 33% for UC (95% CI: 17%, 49%) per
year (Table 6); however, their contribution to total expenditures was small (Figure 3). Note, this annual
growth declined to 2% on average after excluding 2006 (i.e. from 2007-2016) due to low reporting of

outpatient consultations in 2006. In addition, mean inpatient expenditures fluctuated per year,
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declining by 0.52% (95% CI: -7%, 6%) for CD and increasing by 10% (95% CI: -8%, 28%) for UC on
average (Table 6). This reflected a growth in crude rates of hospitalisations for flare management

whereas surgery rates declined over time (see Supplementary Files Figure B1).

Indirect costs declined significantly by 9% (95% CI: -39%, 21%) for CD and 28% (95% CI: -58%, 2%)
for UC per year on average (Figure 3). Mean indirect costs per patient per year from 2007-2016 were
1339 euros (95% CI: 882 euros, 1796 euros; median: 686 euros) and 707 euros (95% CI: 515 euros,

900 euros; median 170 euros) for CD and UC, respectively (Table 6).

Multivariate regression analysis of expenditures

After controlling for patient and disease characteristics, mean total direct expenditures per patient
increased annually and was more than 20% greater than the predicted overall mean cost (i.e., the global
average cost per patient per year from 2006-2016) in 2016 representing an absolute difference of 4,000
euros for CD and 1,400 euros for UC (Figure 5). This effect was driven by a year-on-year growthin drug
costs of 10% on average. In addition, utilisation of biologic agents grew, with the predicted adjusted
probability of biologic treatment increasing from 30% to 60% for CD and 10% to 35% for UC from 2006

to 2016 (see Supplementary Files Figure B2).

Inpatient costs fluctuated around the owerall mean for CD and remained stable for UC (Figure 5),
reflecting a rise in general hospitalisations and relatively constant rates of surgeries after controlling for
patient and clinical characteristics (see Supplementary Files Figure B2). Moreover, despite the declining
probability of outpatient consultations over time (see Supplementary Files Figure B2) no clear trends
were observed for mean outpatient costs, potentially due to rising costs of outpatient activities
performed during consultations (see Supplementary File Table B3 and Table B4). Finally, mean annual
indirect costs increased for CD and declined for UC; howewer, these trends had large uncertainty due

to alow frequency of reported absenteeism (Figure 5).
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Figure 5 Adjusted mean expected costs (euros) with 95% CI per patient per year by sector for Crohn’s disease and ulcerative colitis [NB: red line
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Figure 6 shows the effects of key patient characteristics on costs. For both diseases, males had higher
than average total direct costs compared to females. Moreower, total direct, drug, and outpatient costs
declined with age, whereas inpatient costs remained stable around the overall mean and indirect costs
increased. In addition, individuals who completed upper secondary and tertiary education had lower
total health care costs compared to those with lower education attainment. Note, CD patients reporting
less than the obligatory level of school had lower than average costs in all sectors; however, this effect

was based on a small sample size.
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Total health care costs increased with greater disease sewerity, extension, and complexity (Figure 7).
Total direct costs for patients with moderate disease were 22% (CD) and 70% (UC) higher compared
to patients in remission. Moreover, health care expenditures were significantly higher when patients
had complications. For example, drug costs were 25% (CD) and 36% (UC) higher than average when
EIMs were present, and fistula and other major complications were associated with higher than average
drug, inpatient, and outpatient costs. Interestingly, although the presence of fistulas in UC is rare, these
were shown to increase outpatient and inpatient costs when present. In addition, CD with stricturing
(B2) and penetrating (B3) disease behaviour incurred higher health care and indirect costs compared
to a non-stricturing, non-penetrating (B1) disease behaviour. Furthermore, perianal involvement

increased drug expenditures and indirect costs by more than 20% compared to disease without perianal

involvement.

Finally, disease duration significantly influenced costs for both diseases (Figure 7). For CD patients,
drug, inpatient, and indirect costs were highest for individuals in the early years of diagnosis and
declined with longer disease duration. A similar pattern was observed for UC patients; howewer,

inpatient costs increased with disease duration.
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DISCUSSION

This study provides a detailed description of the ewolution of patient-level costs for IBD across the
different sectors of the health system, as well as the impact on lost productivity in Switzerland over the
past decade. We found that the management of IBD was associated with increased health care
expenditures, primarily due to rising pharmaceutical costs associated with increased uptake of biologic
agents since 2006. This effect remained after controlling for patient and disease characteristics,
suggesting changes in clinical management over time independent of disease progression. Importantly,
inpatient, outpatient, and indirect costs fluctuated during the study period and did not offset rising drug
costs. Disease characteristics were important drivers of health care costs whereby greater complexity
associated with severe disease, extensive disease locations, EIMs, and complications increased costs.
EIMs were associated with high drug costs, highlighting the importance of an interdisciplinary approach
to IBD management®. Early detection of these complications and risk-stratification could help to

manage patients more efficiently from a health and cost perspective.

The observed increase in pharmaceutical management for IBD is consistent with several studies from
different settings®°3*>% and contrasts with older literature, which found that inpatient care drove total
expenditures®, Although we cannot discern a causal relationship from these observational studies,
the change coincided with greater uptake of biologic agents and supports clinicaltrial evidence showing
associated reductions in hospitalisations and surgical interventions®. In contrast, our study showed
mean inpatient expenditures remained stable over time, suggesting no direct substitution between
inpatient and outpatient/pharmaceutical care in Switzerland. Of note, this pattern has been observed
previously in Switzerland®. Despite stable surgery rates, inpatient costs in this study were influenced
by a rise in general hospitalisations over time. This could be associated with the observed decline in
outpatient consultations, adverse events of pharmaceuticals, or changing hospital admission thresholds

due to health care reforms®. Unfortunately, this could not be evaluated in our study.

Cost-of-illness studies notoriously vary in methodology, creating inconsistencies in the results and
impeding comparability across studies and settings. Literature reviews found that per patient annual
costs for UC and CD varied between 6,217-11,477 USD (5,290-9,800 euros) and 11,034-18,932 USD

(9,390-16,100 euros) in the USA and 8,949-10,395 euros and 2,898-6,742 euros in European
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countries, respectively®*“. In addition, a European population-based cohort study found average health
care costs for CD and UC were 5,942 euros and 2,753 euros, respectively, per patient 1 year after
diagnosis®. These results were supported by studies in The Netherlands and Germany using patient-
reported costs measured over 3 months and 4 weeks®°#. The higher magnitude of costs reported in
our study could be explained by: methodological differences such as a longer observation period and
including data up to 2016; systemic differences between health systems, resulting in differential access
to treatments and specialist care; and generally higher health care costs in Switzerland compared to

other European countries.

Previous work in Switzerland, using the same claims data, found mean health care costs for IBD
patients in 2014 were 11,069 euros; higher than estimated in our study**. This variation could be due
to different observation periods and inclusion of different cost items (e.g., specialist or paramedical
\isits, home care and rehabilitation) based on data availability. In addition, this study included health
care events not specifically related to IBD, which could lead to an overestimation of resource utilisation
and costs. We addressed this constraint by evaluating resource utilisation recorded in the SIBDCS for

known IBD patients and related events.

IBD places a large burden on societies, particularly due to early disease onset during peak employment
years®. We found indirect costs from productivity losses reduced significantly during the study period,
suggesting that changing disease management may positively impact the wider societal costs of IBD.
Howewer, after controlling for patient and disease characteristics these trends were less marked,
especially for CD. Previous studies found that indirect costs contributed 33-68% of total IBD-related
costs, significantly more than estimated in our study*“2. Our findings are consistent with work in the
UK, which used similar methods®, and could be underestimated because other productivity losses
associated with IBD, such as presenteeism and early retirement, were not evaluated. Furthermore, our
estimates have large uncertainty due to low rates of absenteeism, and could be biased due to self-
reporting and recall bias. Estimating indirect costs is often neglected due to data collection difficulties;
thus, our study addresses an important gap in the literature that should be explored further using

objective methods.
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This study points to an important shift in the clinical management of IBD towards greater use of
pharmaceuticals and outpatient care. Increasing outpatient and pharmaceutical costs are not unique to
Switzerland or IBD and requires health systemsto identify economically efficient reimbursement models
and care pathways in order to contain costs. The availability of biosimilars presents an important
opportunity in IBD. These treatments were shown to be clinically equivalent in terms of tol erability and
efficacy and are expected to reduce costs significantly compared to reference products “#. Lower
prices could lead to reduced expenditures on pharmaceuticals; however, they could also increase

access to efficacious treatments, creating uncertainty about the long-term budget impact of IBD.

The SIBDCS provides a rich panel dataset, which allowed us to evaluate the changes in the economic
burden of IBD over the past decade and identify important predictors of costs, controlling for individual-
level characteristics. Recruitment from large university hospitals and private clinics ensured that a
representative sample of patients from German- and French-speaking regions of Switzerland were
captured. Annual prospective data collection helped to awid recall bias, ensured low attrition (15%
withdrew or were lost to follow-up), and allowed \erification of records across patient and physician
guestionnaires. Data are potentially biased towards patients with more severe or complex disease,
since those with mild disease or in remission may not seek care or complete questionnaires regulary.
In addition, the timing of returning completed patient questionnaires varied, resulting in incomplete

records, particularly affecting indirect cost estimates in 2016.

We derived unit costs from insurance claims data of a suspected IBD population, identified based on
medication use and gastroenterologist \isits. This may poorly capture individuals with mild disease or
in long-term remission. However, since pharmaceutical therapy isthe mainstay in IBD, even to maintain
remission, this is likely to be a very small proportion of the population. In addition, this method was
frequently used in studies using claims data and showed high sensitivity; thus, it currently represents
the best approach where cost data are not routinely collected *. Detailed data from more than 8000
suspected-IBD patients allowed a large sample from which to calculate average unit costs with
adjustments for regional, age, and gender variations. By using the gastroenterology-specific codes for
inpatient and outpatient claims, we ensured that unit costs reflected only those for an IBD -related event.

Unit costs for surgical procedures were estimated based on DRG claims, which captured all resources
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consumed during a hospitalisation. However, due to a lack of detailed procedure information,
assumptions were made to assign unit costs to specific surgical procedures, resulting in wide variation
around unit costs. Internal validation suggests that this is indicative of the heterogeneity of hospital
costs between patients and regions in Switzerland, and likely does not affect average total expenditures

reported in this study.

In conclusion, we found a large increase in total health care expenditures for IBD over the past decade,
with a marked rise in costs due to pharmaceuticals, driven by greater uptake of biologic agents. This
study calls for economically sustainable health-financing mechanisms to cope with an outpatient care
model. We provide important evidence towards understanding patient and clinical characteristics that
drive costs in IBD. Future research evaluating how rising health care costs associated with changing
disease management affect health outcomes and quality of care for IBD patients is needed, in order to

aid decision making on the cost-efficiency of innovative therapies.
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ABSTRACT

Background

A clear understanding ofthe long-term clinical benefits of early treatmentwith biologic agents to manage
Crohn’s disease (CD) is needed before widespread adoption of this treatment approach is advocated
in routine clinical practice. This study aimed to evaluate the clinical outcomes for adults diagnosed with
CD receiving biologics within 2 years of diagnosis (early biologic initiation group) compared to patients
receiving biologics >2 years after diagnosis or not receiving any biologic treatment (late/no biologic

initiation group).

Methods

A retrospective analysis was conducted using 10 years of follow-up data from the Swiss Inflammatory
Bowel Disease Cohort Study (SIBDCS). We used propensity score methods to match patients in the
early and late/no biologic initiation groups on key baseline patient and clinical characteristics. Kaplan-
Meier and parametric time-to-event models were used to evaluate the risks of intestinal resection
surgery, fistula, stricture, and disease flares for each treatment group. In addition, a subgroup analysis
was performed stratifying patients known to receive biologic treatments into early (<2 years after

diagnosis) and late (>2 years after diagnosis) biologic treatment groups.

Results

In total, 411 patients were matched in the early biologic (N=230) and late/no biologic (N=181) initiation
groups. Two years after diagnosis, patients in the early biologic group had a 12% lower risk of intestinal
resection surgery, a 9% higher risk of disease flares and fistula, and a 5% higher risk of stricture
compared to patients in the late/no biologic group. After 10 years, the overall difference in risks were
not statistically significant between the two groups. In the subgroup analysis, patients who received
biologics early had a lower overall risk of stricture (p<0.01), disease flares (p<0.01), and intestinal
resection surgery (p=0.72), and a higherrisk offistula (p=0.74) 10 years after diagnosis when compared

to a group of similar patients who received biologics late.
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Conclusions

This study found no significant differences in the long-term cumulative probabilities of intestinal
resection surgery, fistula, stricture, and disease flares amongst CD patients who received early biologic
treatment compared to similar patients who received late or no biologic therapy. However, ina subgroup
of patients known to receive biologic treatments, early initiation was associated with significantly lower
owerall risks of strictures and disease flares. These results signal a need for more individualised care in
CD in order to target aggressive treatment approaches to patients who show early signs of a

complicated disease course.
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INTRODUCTION

Crohn’s disease (CD)is a chronic progressive condition causing inflammationalong the gastrointestinal
tract and severe complications. Treatment of CD aims to induce and maintain remission using
pharmaceutical therapies and surgery®. The current standard of care inwlves stepping up
pharmaceutical treatments using aminosalicylates, corticosteroids, immunosuppressants, and biologic
agents?. While this approach can effectively induce remission for most patients, it does not alter the
natural course of the disease in the long-term®. As a result, increasingly the clinical management of CD
has shifted towards earlier use of immunosuppressants and biologic agents, in a top-down/eary
treatment strategy®. This is hoped to reduce disease progression, repair structural damage, and induce
deep remission®. Howewer, due to a lack of long-term clinical evidence widespread adoption of this

approach is limited.

The impact of earlier use of immunosuppressants and biologic therapies on the natural history of CD
remains unclear. Population-based cohort studies exploring this question suggested that disease
progression rates have remained stable over time. Specifically, studies reported that 5 years after
diagnosis at least 14% of CD patients initially diagnosed with non-penetrating and non-stricturing
disease progressed to more complicated disease phenotypes, and more than 20% required surgery or
hospitalisation®®. Promising evidence from randomised controlled trials (RCTs) showed that patients
receiving combination immunosuppressant and biologic treatment within two years of diagnosis had
higher response and remission rates after one year of treatment. Follow-up was, however, not sufficient
toobserve changes inthe long-term outcomes for these groups. Alternatively, cohort studies in Canada,
Switzerland and Korea reported improved response’, and reduced rates of strictures and intestinal
surgery®*° for patients treated with anti-tumour necrosis factor (TNF) agents within two years of
diagnosis. However, these studies were limited by small sample sizes and selection bias associated
with observational data. In addition, the evidence remains inconclusive with several RCTs and
observational studies reporting no major reductions in complication rates or surgery when biologics
were used early on in the disease course either in combination with immunosuppressants or as

monotherapy® %,
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In Switzerland, increased adoption of biologic therapies has led to a rise in health care expenditures for
CD™. Understanding the optimal use of biologic treatments will help contain costs in the health care
system and ensure efficient patient management. This study aimed to evaluate the impact of early
biologic use on clinical outcomes for adults diagnosed with CD using real world data collected over 10
years from the Swiss Inflammatory Bowel Disease Cohort Study (SIBDCS). We evaluated key clinical
outcomes, which reflected disease severity and progression, and impacted patient’s quality of life and

the costs of disease management?’.

METHODS

Study design and data

A retrospective analysis was conducted using data from the SIBDCS. Patients were included in this
study ifthey were aged =218 years at the time ofenrolment inthe SIBDCS and had a confirmed diagnosis
of CD and no change in diagnosis during follow-up. Patients eligible for inclusion were stratified into
treatment groups based on the time from diagnosis to biologic initiation using commonly accepted
definitions®®. Patients who started biologic therapy <2 years after diagnosis were stratified into the early
biologic initiation group while those who received biologics >2 years after diagnosis and those who did
not receive any biologic treatment during follow-up in the SIBDCS were included in the late/no biologic
initiation group. Biologic agents included all those approved in Switzerland up to 2018: anti-TNF-alpha
(infliximab, adalimumab, golimumab and certolizumab pegol), anti-interleukin-12/23 (ustekinumab), and

anti-integrin (vedolizumab) agents.

All data used in this study were extracted from the SIBDCS, described in detail elsewhere®®. The
SIBDCS is a prospective, national cohort recruiting IBD patients from across Switzerland since 2006.
For this study, we extracted annual follow-up data reported by physicians on age, gender, smoking
history, canton (administrative geographic unit in Switzerland) of treating physician, disease location,
sewerity, and duration, disease complications (fistula, stricture, abscess, fissures, and other major
complications), extra-intestinal manifestations (EIMs), and surgical interventions (intestinal resection

surgeries, fistula or abscess-related surgeries, and other abdominal surgeries).
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Defining key clinical outcomes

Four clinical outcomes were evaluated in this study: disease flares with no complications (disease
flares), fistula, stricture, and intestinal resection surgery. These outcomes were chosen because they
indicate progression towards a severe/complicated disease course, and influenced patients quality of
life and the costs of disease management (see Chapter 5; Table 10). Outcomes were recorded in
annual questionnaires completed by physicians and captured all events that occurred since the last

report to the SIBDCS.

Disease flares were defined as an active inflammation and/or the initiation of a new corticosteroid
prescription and no indication of stricture, fistula or surgery at the same time. Fistula and stricture were
diagnosed using imaging scans and included any active perianal or non-perianal indication or any
surgery related to the complication. Intestinal resection surgeries included ileal resection, small bowel

resection, ileo-ceacal resection, right and left colectomy, ileastomy, and colostomy.

Statistical methods and analysis

All statistical analyses were performed in Stata Version 15 (College Station, Texas). Descriptive
statistics are summarized using the mean and standard deviation (SD) for continuous normally-
distributed variables, the median and inter-quartile range (IQR) for continuous non-normally distributed
variables, and frequency and percentages for categorical variables. Differences between the treatment
and control groups were assessed using the Student's t-test for continuous normally distributed data,
Wilcoxon rank-sum test for continuous non-normally distributed data, and the Chi-squared test for

categorical data.

Propensity score matching

Patients inthe early and late/no biologic initiation groups were matched using propensity score methods
to reduce bias associated with non-random treatment allocation and to ensure that patients in each
group were comparable based on baseline characteristics. We used a logistic regression model to
estimate the probability (propensity score) of receiving the treatment (early biologic use) adjusting for

baseline characteristics measured at diagnosis or enrolment (Supplementary Files Table C1)®.
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Baseline characteristics were determined based on their association with receiving the treatment and
their potential influence on future disease course. Characteristics recorded at diagnosis included
gender, age (continuous variable), smoking status (current, former, and non-smoker), and disease
location (ileal, colonic, ileocolonic and upper gastrointestinal disease). Characteristics captured at
enrolment were year of enrolment (2006-2018), canton of treating physician, disease duration
(measured from date of diagnosis to date of enrolment), disease activity (measured using the Crohn's
Disease Activity Index), disease complications (stricture, fistula, abscess, fissure, and other major
complications), EIMs, and prior surgical interventions (intestinal resection surgeries, fistula or abscess

related surgeries, and other abdominal surgeries).

A three-nearest neighbour matching approach was used where one “treated” (early biologic initiation)
patient was matched to three “untreated” (late/no biologic initiation) patients based on the closest
probability score. A common support was imposed, which removed individuals in the early biologic
initiation group with probability scores higher than the maximum probability score for the late/no biologic

initiation group.

Time-to-event analysis

Kaplan-Meier and parametric time-to-event models were used to evaluate the risks of each clinical
outcome (surgery, fistula, stricture, and disease flares) over time. We assessed the risk of all outcomes
from the time of diagnosis to the time when the event occurred or the date of administrative censoring
(right censoring). Left truncation/delayed entry was accounted for since all events were observed
prospectively from enrolment in the SIBDCS. Given the panel structure of the data and the non-
absorbing nature of the events, analyses for disease flares, fistula, and stricture accounted for the
presence of repeated events at the patient level. For the intestinal resection surgery outcome, single

event models were used due to a small sample of repeated events in our study population.

Kaplan-Meier time-to-event curves measured the absolute cumulative probability of each outcome for
a given point in time measured from disease diagnosis and for each treatment group®. The overall
difference in time-to-event cunes between the two treatment groups 10 years after diagnosis was

compared using the non-parametric log-rank test of equality.
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We derived parametric sunival models to calculate the predicted annual probability (hazard rates) of
each event. Separate models were used for each treatment group and clinical outcome in order to avoid
making strictassumptions on the proportionality of treatment effects over time?. Repeated event shared
frailty parametric models were estimated, which accounted for patient-level unobserved heterogeneity
and dependence between event failures for disease flares, fistula, and stricture?. Standard single event
models were used for intestinal resection surgery. Parametric models tested included the Weibul,
lognormal, loglogistic, Gompertz, and exponential distributions. Appropriate models were chosen based
on visual inspection of the fit of predicted sunival curves on non-parametric Kaplan-Meier curves

(Supplementary Files Figure C2) and the Akaike Information Criteria (Supplementary Files Table C3).

The annual probabilities for each outcome were derived from time-to-event functions using the following

formula:

S(t+1)
S@®

Where, S(t) represents the sunival function at time point t (i.e., the probability of suniving past time t)

and S(t+1) represents the sunival function in the next period.

Subgroup analysis

A subgroup analysis was performed comparing health outcomes for the subset of the population
followed in the SIBDCS who were known to receive biologic therapies. In this analysis, we excluded
patients who did not receive at least one dose of any biologic therapy during follow-up in the SIBDCS.
Remaining patients were stratified based on the time to biologic initiation where those starting biologics
within 2 years of diagnosis were inthe early biologic initiation group and those starting biologic treatment
>2 years after diagnosis were in the late biologic initiation group. We used propensity score methods,
as described previously, in orderto ensure that baseline characteristics for this subgroup were balanced
(Supplementary Files Table C4). Clinical outcomes were evaluated using time-to-event analysis as

described previously (Supplementary Files Table C6 and Figure C4).

RESULTS
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Descriptive characteristics of the study population

In total, 1493 patients were eligible for inclusion in this study, of which 411 patients were matched in
the early biologic initiation group (N=230) and the late/no biologic initiation group (N=181). Descriptive
characteristics before and after propensity score matching are outlined in Supplementary Files Table
C2. Balance diagnostics indicated sufficient overlap on propensity scores between the two groups after

performing the matching (Supplementary Files Figure C1).

On average, 50% of the study population were female with a mean age at diagnosis of 33 years (Table
7). Mean disease duration at enrolment was 1.4 years (IQR 0.6 -3.1 years) in the early biologic initiation
group and 2.1years (IQR 0.5- 1.9years)inthe late/no biologic initiation group, after matching (p<0.01).
The difference in the rates of treatment complications and surgery were not statistically significant
between treatment groups after matching. More than 20% of patients in each group had fistulising or
stricturing disease and at least one diagnosed EIM. The proportion of patients with an EIM was 9
percentage points higher in the early biologic initiation group compared to the late/no biologic initiation
group (p=0.06). In addition, 17% of patients had intestinal resection (p=0.49) or fistula-related (p=0.29)

surgery prior to enrolment.
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Table 7 Description of patient and clinical characteristics after propensity score matching

Late/no biologic use | Early biologic use® p-value
N=181 N=230

Sex, female (N, %) 94 (52%) 117 (51%) 0.83

Mean (median, IQR) age at 33.4 (27, 21-42) 32.8 (28, 22-40) 0.77

diagnosis, years

Smoking status at diagnosis (N,

0.71

%)

Non-smoker 62 (34%) 86 (37%)
Smoker 78 (43%) 90 (39%)
Unknown 41 (23%) 54 (23%)

Mean (median, IQR) disease 2.1(1,4,0.6-3.1) 1.4 (1.0, 0.5-1.9) <0.01

duration at enrolment, years

Disease location at diagnosis (N,

%) 0.18
lleal (L1) 61 (34%) 65 (28%)

Colonic (L2) 37 (20%) 45 (20%)
lleocolonic (L3) 81 (45%) 113 (49%)
Isolated upper disease (L4) only | 1 (1%) 7 (3%)

Complications at enrolment (N,

%)

Stricture 44 (24%) 44 (19%) 0.20
Fistula 34 (19%) 58 (25%) 0.12
Abscess 26 (14%) 37 (16%) 0.63
Fissure 13 (7%) 20 (9%) 0.58
Extra-intestinal manifestation 46 (25%) 78 (34%) 0.06
(EIM)

Surgeries at enrolment (N, %) 59 (33%) 76 (33%) 0.92
Intestinal resection surgery 33 (18%) 36 (16%) 0.49
Fistula-related surgery 21 (12%) 35 (15%) 0.29
Other abdominal surgery 15 (8%) 28 (12%) 0.20

Mean (median, IQR) total follow- | 5.1 (5, 3-8) 4.3 (4, 2-7) <0.01

up in SIBDCS, years*

SEarly biologic use: patients receiving biologic treatment <2 years after diagnosis; late/no biologic

use: patients receiing biologic treatment >2 years after diagnosis and patients who did not have

any record of biologic therapy during follow-up in the SIBDCS

IQR: interquartile range

*Not included in propensity score matching logistic regression model

In the late/no biologic group, 51% of patients received at least one dose of biologic therapy, while the
remaining 49% did not receive any biologic therapy during follow-up in the SIBDCS (Figure 8B). The
use of conventional therapies such as aminosalicylates, corticosteroids and immunosuppres sants was
higher in the late/no biologic initiation group compared to the early biologic initiation group both at
enrolment (Figure 8A) and during follow-up (Figure 8B). The mean time from diagnosis to initiation of

biologic treatment was 0.7 years (IQR 0.25 - 1.17 years) and 4.3 years (IQR 2.8 - 5.1 years) for the
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early and late/no biologic initiation groups, respectively (p<0.01). Patients in the early biologic group
received biologic therapy for significantly longer (mean 4.6, IQR 2.4 - 6.4 years), compared to biologic

users in the late/no biologic group (mean 3.5, IQR 1.5 - 5.3 years; p<0.001).
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—
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p<0.001 p=0.43 I

Aminosalicylate Antibiotic Corticosteroids  Immunosuppressant Biologic agent
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Figure 8 Proportion (%) of patientsin the early and late/no biologic initiation groups receiving
at least one dose of treatment by drug class at enrolment (A) and at the end of follow-up (B) in
the Swiss IBD Cohort Study (SIBDCS)
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Clinical outcomes: Time-to-event analysis

In Kaplan-Meier analysis, the overall cumulative probability of surgery, fistula, stricture, and disease
flares were not statistically significantly different in the early biologic group compared to the late/no

biologic group after 10 years.

The cumulative risk of surgery was 12% lower for the early biologic group compared to the late/no
biologic group 2 years after diagnosis (Figure 9A). This difference decreased over time with comparable

rates in each group after 4 years.

The cumulative probability of fistula was 4%, 10% and 17% higher for the early biologic group 1 year,
2 years and 5 years after diagnosis, respectively, compared to the late/no biologic group (Figure 9B).
After 8 years, the risk of fistula for the late/no biologic group increased leading to a reduction in the

differences in the overall cumulative probability of fistula between the two groups (Figure 9B).

Kaplan-Meier curnves for stricture and disease flares indicated similar patterns between the two
treatment groups over 10 years. The cumulative absolute risks of stricture and disease flares increased
at a faster rate for the early biologic initiation group in the first 2 years of diagnosis but this slowed down
in later years relative to the late/no biologic initiation group (Figure 9C and Figure 9D). After 8 years,
the risks of stricture appeared to stabilise for the early biologic initiation group and increased for the

late/no biologic group.
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Surgery: Kaplan Meier curve
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Figure 9 Kaplan-Meier time-to-event curves for (A) surgery, (B) fistula, (C) stricture, and (D)
disease flares. [Due to left truncation (i.e., delayed entry), there were no subjects considered at
risk at 0 years since diagnosis because patients were only observed from the point of
enrolmentin the SIBDCS. Enrolment in the cohort was continuous, hence numbers at risk
increase over time in the initial years. In addition, Kaplan-Meier curves for fistula, stricture and
disease flares account for multiple event failures.]

124



Chapter 4: Clinical outcomesfor patientswith Crohn’sdisease treated with biologic agentsearly

The parametric time-to-event analysis reflectsthe observed patterns ofthe Kaplan-Meier analysis. With
the exception of surgery (Figure 10A), the annual predicted probability of fistula (Figure 10B), stricture
(Figure 10C), and disease flares (Figure 10D), was higher for the early biologic group in the early years
and remained constant or declined owver time compared to the late/no biologic group where the

probabilities increased.

The early biologic group had a 0.09 probability of fistula in the first year after diagnosis, which declined
to 0.04 five years after diagnosis. Conwersely, the probability of fistula increased from 0.002 in the first

year after diagnosis to 0.03 five years after diagnosis for the late/no biologic group.

The predicted annual probability of stricture and disease flares remained constant over time and was
higher for the early biologic group in the first year after diagnosis at 0.05 and 0.18, respectively, relative
to the late/no biologic group. In contrast, the probabilities increased over time for the late/no biologic

group and were higher than those for the early biologic group five years after diagnosis .

The predicted annual probability of intestinal resection surgery one year after diagnosis was 0.07 for

the early biologic group and 0.20 for late/no biologic group; this decreased over time for both groups to

similar levels after 4 years (Figure 10A).
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Figure 10 Annual probabilities of (A) intestinal resection surgery, (B) fistula, (C) stricture, and (D) disease flares over 10 years derived from
parametric time-to-event analyses
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Subgroup analysis

For the subgroup analysis, patients that did not receive at least one dose of biologic treatment during
follow-up in the SIBDCS were excluded (N=483). Balance diagnostics (Supplementary Files Figure C3)
and descriptive statistics (Supplementary Files Table C5) after propensity score matching indicated
comparability between the remaining patients after stratification into early (N=225) and late (N=112)

biologic initiation groups.

The cumulative absolute risks of stricture and disease flares were significantly lower (p<0.01) over 10
years for the early biologic initiation group compared to the late biologic initiation group (Figure 11C and
Figure 11D). Specifically, 10 years after diagnosis, patients in the early biologic group had a 17% and
8% lowerrisk of stricture and disease flares, respectively, compared to patients in the late biologic group.
In parametric models, the early biologic group had a constant annual probability of stricture and disease
flares of 0.05 and 0.18, respectively, relative to an increasing probability over time for both events in the

late biologic group (Supplementary Files Figure C5C and Figure C5D).

The cumulative probability of intestinal resection surgery was initially lower for the early biologic initiation
group but reached similar levels as the late biologic group after 3 years (p=0.72; Figure 11A). The
probability of surgery was 10%, 8%, and 5% lower for the early biologic group 1, 2, and 5 years after
diagnosis, respectively, compared to patients in the late biologic group (Figure 11A). In parametric
models, the predicted annual probability of surgery in the first year after diagnosis was 0.05 for the early
biologic group compared to 0.10 for the late biologic group; this declined to 0.04 for both groups after 3

years (Supplementary Files Figure C5A).

The cumulative absolute probability of fistula was higher for the early biologic group in the first five years
after diagnosis although this difference was not statistically significant (p=0.74; Figure 11B). Owver time,
the risk of fistula appeared to increase for the late biologic group. This corresponded to a declining
predicted annual probability of fistula for the early biologic group, while the probability increased over

time for the late biologic group (Supplementary Files Figure C5B).
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Figure 11 Subgroup analysis: Kaplan-Meier time-to-event curves for (A) surgery, (B) fistula, (C)
stricture, and (D) disease flares. [Due to left truncation (i.e., delayed entry), there were no
subjects considered at risk at O years since diagnosis because patients were only observed
from the point of enrolment in the SIBDCS. Enrolment in the cohort was continuous, hence
numbers at risk increase over time in theinitial years. In addition, Kaplan-Meier curves for
fistula, stricture and disease flares account for multiple event failures.]
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DISCUSSION

This study showed no significant differences in the 10-year cumulative probabilities of intestinal
resection surgery, fistula, stricture, and disease flares amongst CD patients treated with biologic agents
within 2 years of diagnosis compared to similar patients treated more than 2 years after diagnosis or
patients not receiving biologic therapy. However, annual probabilities, according to fitted parametric
models, indicated a stable or decreasing probability of fistula, stricture, and disease flares over time for
the early biologic treatment group. In contrast, we obsened increasing probabilities of fistula, stricture,
and disease flares for the late/no biologic treatment group, despite initially lower probabilitiesin the eary
years of diagnosis. Moreover, our findings indicated a reduced risk of intestinal resection surgery two
years after diagnosis amongst patients treated with biologics early; however, these risks were
comparable between the two treatment groups after 4 years. Amongst the subgroup of patients known
to receive biologic treatments, patients who received biologics early had significantly lower risks of
stricture and disease flares, higher risks of fistula, and similar risks of intestinal resection surgery after
10 years compared to patients who received biologics late. These results signal a need for more
individualised care in CD in order to target aggressive treatment approaches to patients who show eary
signs of a complicated disease course. Previous literature found that young age at diagnosis, upper
gastrointestinal, stricturing or penetrating disease, and smoking were important factors associated with
a poor disease course®. Further research into genetic and phenotypic markers of poor disease
prognosis would help to optimise treatment strategies further®. In addition, these results support a rapid
step-up treatment approach, which was shown to improve remission rates when patients were monitored
closely and treatment escalation decisions were based on known biomarkers of inflammation as

opposed to clinical symptoms alone®.

Previous literature using data from the SIBDCS found a significant reduction in risks of strictures and
non-significant reductionsin the risks ofintestinaland perianal surgery for patients treated with anti-TNF
agents within two years of diagnosis compared to those treated after two years®°. Methodological
considerations might explain the difference between our results compared to previous work. For
example, we included non-biologic users in this study since several CD patients respond to conventional
pharmaceutical treatments and do not require more aggressive therapies during the course of their

disease®?®. This ensured that a representative sample of patients were captured for this analysis. Our
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subgroup analysis included a subset of patients who were known to receive biologic treatment. These
results were consistent with previous studies showing lower probabilities of stricture and intestinal
surgery for patients treated with biologics early. In addition, we used propensity s core methodsto ensure
patients were comparable in terms of baseline disease characteristics that might influence their health
outcomes and the likelihood of receiving biologic treatment. Previous studies used covariate adjustment
and stratified patients based on the presence of disease complications resulting in small subgroups and

potentially reducing the precision in the analysis.

In RCTs, the clinical benefits of early combined immunosuppression using immunosuppressants and
biologic agents were inconclusive when compared to the standard step-up regimen in CD* 3142728,
Studies supporting early combination therapy observed favourable outcomes in the initial weeks of
treatment, however, these effects were not sustained up to two years after diagnosis*# 2, Notably, a
large RCT conducted in Belgium and Canada, found no significant differences in corticosteroid-free
remission rates over 2 years for patients receiving early combination therapy but significantly lower rates
of surgery and overall complications after 2 years of follow-up®. Similarly, our analysis showed lower
annual risks of surgery in the first two years after diagnosis for patients receivng early biologic therapy;
however, after four years, probabilities were comparable between the treatment groups. This suggests
that early biologic use may have delayed surgery in the short-term but did not reduce the owverall long-
term surgery risk. Previous RCTs cannot be directly compared to our results since we did not evaluate
combination immunosuppressant and biologic therapy. Nevertheless, this work highlights the
importance of real-world longitudinal studies to evaluate the risk of key clinical outcomes, which might

dewelop and worsen over a long period.

Population-based cohort studies can help shed light on the changes in disease progression associated
with therapeutic advancements. For example, despite an owerall increase in the use of
immunosuppressants and biologic agents from 1991 to 2011, disease progression was reported to
remain stable during this period in a population-based cohort study in the Netherlands'2. These resuits
were supported by a large European population-based cohort study that found early use of
immunosuppressants and biologic agents did not improve surgery and disease progression ratesin both

Eastern and Western European countries®. Similarly, in the SIBDCS, despite greater use of biologic
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agents between 2006 and 2016, no changes in the rates of inpatient events were observed®. This
suggests that early aggressive treatment with biologic agents might not have the expected impact on
disease progression and may not change the natural history of CD in the long-term. Cohort studies
across Europe and the USA specifically evaluating early compared to late treatment in CD support our
findings showing no significant improvements in clinical outcomes for patients receiving early aggressie
treatment with biologic therapies™ ', In contrast, one study in Canada reported that patients treated
with anti-TNF agents within 2 years of diagnosis had improved response and lower surgery rates after
7 years’. Of note, this study only included patients who received and responded to treatment with

biologic agents and therefore results might not generalise to the wider CD population.

Using 10-year follow-up data, this study demonstrated the uptake of novel treatment approaches in real
world clinical practice and their impact on clinical outcomes and disease progression. We used
propensity score matching to ensure patients were comparable in each treatment group and reduce the
risk of selection bias. We included a rich selection of patient and disease characteristics that might
influence treatment decisions and outcomes. Howewver, some bias may havwe remained due to
unobserved factors that were not captured in the SIBDCS. Importantly, our findings were qualitatively
similar when we conducted the analyses on the late or no biologic treatment group and in the subgroup
analysis of late biologic users only, suggesting that our results are not indicative of selection bias due to
unobsenved patient characteristics. Finally, since this was an observational study, treatment regimens
varied between health care facilities and patients. As a result, the impact of specific treatments and

treatment sequences, such as combination therapies, on health outcomes could not be discerned.

In conclusion, this study showed that the long-term overall risks of key clinical outcomes for CD patients
did not significantly improve despite early aggressive treatment with biologic agents when compared to
similar patients who did not receive biologic therapies and those who received biologics later in the
disease course. However, amongst the subgroup of patients known to receive biologic treatments,
patients who received biologics early had significantly lower risks of stricture and disease flares after 10
years compared to patients who received biologics late. Future research should explore targeted
treatment approaches based on patients’ risk of severe or complicated disease. Early identification of

patients who might have lower response to conventional pharmaceuticals and are at risk of experiencing
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sewvere or complicated disease would ensure rapid access to the treatments they need. This would help
improve the efficiency of disease management from a clinical perspective and reduce the financial

burden of CD on health systems.
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ABSTRACT

Background

We evaluated the cost-effectiveness of early (<2 years after diagnosis) compared to late or no biologic
initiation (starting biologics >2 years after diagnosis or no biologic use) for adults with Crohn’s disease

in Switzerland.

Methods

We deweloped a Markov cohort model over the patient’s lifetime from the health system and societal
perspectives. Transition probabilities, quality of life, and costs were estimated using real world data.
Propensity score matching was used to ensure comparability between patients inthe early (intervention)
and late/no (comparator) biologic initiation strategies. The incremental cost-effectiveness ratio (ICER)
per quality-adjusted life year (QALY) gained is reported in Swiss francs (CHF). Sensitivity and scenario

analyses were performed.

Results

Total costs and QALYs were higher for the intervention (CHF 384,607; 16.84 QALYs) compared to
comparator (CHF 340,800; 16.75 QALYS) strategy, resulting in high ICERs (health system: CHF
887,450 per QALY societal: CHF 449,130 per QALY). In probabilistic sensitivity analysis, assuming a
threshold of CHF 100,000 per QALY, the probability thatthe intervention strategy was cost-effective was
0.1and 0.25from the health systemand societal perspectives, respectively. Inaddition, ICERs improwed
when we assumed a 30% reduction in biologic prices (health system: CHF 134,502 per QALY; societal:

intervention dominant).

Conclusions

Early biologic use was not cost-effective considering a threshold of CHF 100,000 per QALY compared
to late/no biologic use. However, early identification of patients likely to need biologics and future drug
price reductions through increased availability of biosimilars may improve the cost-effectiveness of an

early treatment approach.
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INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory bowel disease (IBD) causing inflammation in the
gastrointestinal tract. It is characterised by active and remitting phases, severe symptoms, and extra-
intestinal complications. Patients are at risk of developing bowel complications, including strictures and
fistulae, and often require surgical interventions and long-term pharmaceutical treatment to manage the
disease. The prevalence of CD varies significantly in Europe with estimates between 1.5 and 213 per
100,000 persons?. In Switzerland, uptake of novel biologic treatments to manage the disease was
associated with a marked increase in health care expenditures placing significant financial pressure on
the health system?®. In addition, the rising prevalence of CD* highlights the need to identify clinically- and

cost-efficient treatment strategies.

The primary aim of CD clinical management is to induce and maintain remission. Pharmaceutical
treatments include aminosalicylates, corticosteroids, immunosuppressants, and biologic agents. The
current standard of care involves stepping-up therapy and resening more aggressive treatments, such
as biologic agents, for patients with severe and refractory disease®. Treatment with biologic agents hawe
helped increase remission rates and reduce the need for surgery and hospitalisation, sparking debate
about the optimal timing of treatment initiation®”. Some have adwvocated for early biologic treatment,
within 2 years of diagnosis, with the hope that this would shift disease management from symptom
control towards long-term mucosal healing and modification of the disease course®°. Howewer, few

studies have evaluated the long-term clinical efficacy or cost-effectiveness of this approach* 2,

A randomised controlled trial (RCT) found increased corticosteroid-free remission and reduced surgical
resection rates after one year in patients receiving early treatment with immunosuppressants and
biologic agents compared to the standard step-up approach®. Based on this trial, early combination
therapy was reported to be cost-effective compared to the standard of care from the Italian health system
perspective over five years®. These studies are limited in scope, howewer, since only induction of
remission was evaluated and follow-up was short. Another analysis, using seven years of follow-up data
from a retrospective cohort study in Canada®, demonstrated that early treatment with biologic agents
was cost-saving and improved health outcomes over patients’ lifetime due to high response rates ™.

Howewer, several RCTs and observational studies found conflicting evidence, suggesting no health
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gains from early biologic and combination therapy*?*°. Existing evidence needs to be validated in order

to inform health care planning and decision-making.

This study aimed to evaluate the cost-effectiveness of early initiation (<2 years after diagnosis) of
biologic treatment compared to late or no biologic use (starting biologic therapy >2 years after diagnosis

or continuing non-biologic therapy) for CD patients using real world data in Switzerland.

METHODS

Overview of modelling approach

A Markov cohort model was developed to compare the cost-effectiveness of early biologic treatment
(intervention) to late/no biologic treatment (comparator) for recently diagnosed adult (=18 years) CD
patients. The analysis was conducted from the Swiss health system perspective, considering all direct
health care costs irrespective of payer (cantons/regions, health insurers, and patients’ out-of-pocket co-
payments), and from a societal perspective, including direct and indirect costs associated with
productivity losses from work absenteeism. The model was run over the patients’ lifetime based on the
mean age at diagnosis and life expectancy in Switzerland'’. The model was parameterised using
transition probabilities, costs and utilities estimated from the Swiss IBD Cohort Study (SIBDCS) and
insurance claims data. Costs and utilities occurring after the first year were discounted by 3%. One-way
and probabilistic sensitiity analysis (PSA) were performed to evaluate the impact of parameter
uncertainty on results. The model was built and analysed using TreeAge Pro 2018 (Williamstown, MA).
Statistical analyses to derive parameters for the model were performed in Stata Version 15 (College

Station, TX).

The primary outcome of the model was the incremental cost-effectiveness ratio (ICER) per quality-
adjusted life year (QALY) gained, reported in Swiss francs (CHF). The ICER measured the additional
costs required to achieve one unit of additional effect and was calculated by dividing the difference in
costs by the difference in effects between the two strategies. Effects are expressed as QALYS reflecting
individuals’ length of life and health-related quality of life®. The ICER was compared to a willingness-to-

pay (WTP) threshold, which captured the assumed value of an additional QALY to draw conclusions
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about cost-effectiveness?®. There is no commonly accepted WTP threshold in Switzerland, therefore,

based on previous literature'®, we tentatively used a threshold of CHF 100,000 (€89,500) per QALY .

Data source and patient population

The SIBDCS is a prospective, national cohort recruiting adult and paediatric IBD patients from academic
and non-academic centres across Switzerland. The cohort is described in detail elsewhere®. For this
study, we conducted a retrospective analysis of annual patient-level data extracted from questionnaires
completed by patients and their treating physicians between 2006 and 2018. Physician-reported data
included information on patient demographics, disease and treatment characteristics, and health care
utilisation. Patient-reported data included outpatient consultation visits, days of work missed due to IBD,

and health-related quality of life.

We used propensity score matching to ensure patients in the intervention and comparator groups were
similar based on baseline characteristics that might influence treatment assignment and health
outcomes?.. This reduced the effects of selection bias associated with observational data. We used a
logistic regression model, adjusting for treatment group and key characteristics measured at diagnasis
or enrolment, to estimate the probability (propensity score) of receiving the intervention (Supplementary
Files Table C1). A “three-nearest neighbour” approach was used where one patient in the intervention
group was matched to three patients in the comparator group based on the closest probability score. A
common support was imposed to exclude patients in the intervention group with probability scores
higher than the maximum score in the comparator group. Characteristics adjusted for in the model and
measured at diagnosis were: gender, age, smoking status (current, former, and non-smoker), and
disease location (ileal, colonic, ileocolonic and upper gastrointestinal disease). Characteristics captured
at enrolment were: year of enrolment (2006-2018), canton (administrative geographic unit in
Switzerland) of treating physician, disease duration (measured from date of diagnosis to date of
enrolment), disease activity (measured using the Crohn’s Disease Activity Index), disease complications
(stricture, fistula, abscess, fissure, and other major complications), extra-intestinal manifestations
(EIMs), and prior surgical interventions (intestinal resection surgeries, fistula or abscess related

surgeries, and other abdominal surgeries).
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In total, 411 patients were matched in the intervention (N=230) and comparator (N=181) groups; 50%
were female with a mean age at diagnosis of 33 years (Supplementary Files Table C2). Key clinical
characteristics such as age at diagnosis, disease location, and disease complications were balanced
between the groups, resulting in significant overlap in propensity scores after matching (Supplementary
Files Figure C3). In the comparator group, 51% of patients received a biologic treatment more than two
years after diagnosis, while the remaining 49% did not receive any biologics during follow-up
(Supplementary Files Table C2). Biologic treatmentsincluded all those approved in Switzerlandin 2018:;
infliximab, adalimumab, golimumab, certolizumab pegol, vedolizumab, and ustekinumab. All
subsequent analysesincluding estimation of health state risks, costs, and utilities, were performed using

the matched sample.

Model structure and assumptions

The Markov model reflects patients moving between active and remitting phases of the disease in
annual periods (cycles). Costs and QALYs in the first and last cycle were multiplied by 0.5 (half-cycle
correction) to adjust for overestimation from annual state transitions. Active disease states were split
into four mutually exclusive and exhaustive groups: disease flares with no complications (disease flares),

fistula, stricture, and intestinal resection surgery (surgery); defined in Table 8.

Table 8 Definition of health states in the Markov model

Disease flareswith no
complications (disease
flares)

Active inflammation and/or initiation of new corticosteroid prescription
and no indication of stricture, fistula or surgery at the sametime

Active perianal and non-perianal fistula observed through imaging
Fistula scans and/or fistula-related surgeries (fistulectomy, fistula plug, fibrin
glue instillation)

Stricture Active stricture observed through imaging scans

Intestinal resection surgeries including: ileal resection, small bowel

Intestinal resection S . . .
resection, ileocecal resection, right & left colectomy, ileostomy and

surgery colostomy
Clinical remission defined based on a Crohn’s Disease Activity Index
Remission score <150 and the absence of disease flares, surgical intenventions,

fistula or stricture
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Patients entered the model at diagnosis in the disease flares state based on data from the SIBDCS.
Aftereach cycle ofthe model patients transition to other active health states, remission, or death (Figure
12). Patients could remainin the previous health state over multiple cycles of the model or transition to

death from any state where they then remain. Patients are assumed to be in one health state at a time.

From any state

Active disease states / q

q Disease flare Stricture ?
Remission
Fistula Intestinal resection
surgery

L From any state

|

[ Death

Cj—’t@

Figure 12 Graphical representation of Crohn’s disease Markov model structure and movements
between health states

Model parameterisation

Transition probabilities

Parametric time-to-event analysis was used to estimate time-to-event curves for each health state, from
which time-varying annual transition probabilities were calculated (Supplementary Files Figure D2).
Separate time-to-event curves were estimated for the intervention and comparator groups allowing for
time-dependent treatment effects. The analysis period was defined from the time of diagnosis to
ewvent/failure or administrative censoring. Events were observed prospectively from enrolment in the
SIBDCS; thus, delayed entry/left truncation was accounted for. Due to the recurrent nature of events,
unconditional shared frailty models were used to predict the risks of disease flares, fistula, stricture, and

remission. These models accounted for unobsened heterogeneity and dependence between event
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failures for each individual® %. Single event models were used to parameterise the risk of surgery since

repeated event models did not fit the data well due to a paucity of multiple surgeries in this sample.

Parametric models were used to extrapolatetime-to-event curves over patients’ lifetime (Supplementary
Files Table D2). Models tested included the Weibull, lognormal, loglogistic, Gompertz, and exponential
distributions. Appropriate models were chosen based on visual inspection of the fit of predicted time-to-
event cunes on non-parametric Kaplan-Meier curves (Supplementary Files Figure D1) and the Akaike

Information Criteria (Supplementary Files Table D1).

Transition probabilities did not consider disease history thereby assuming that the probability of
recurrent events was independent of previous health states (Supplementary Files Table D3). This
assumption was made due to a small sample to parameterise conditional probabilities and increased
model complexity required to capture disease history. Correlations betweenevents were not considered,
thus events were assumed to occur independently. The complement of probabilities in each cycle was
usedto parametrise the probability of remaining in the same health state such thattransition probabilities

summed to 1.

Mortality rates

Mortality rates were obtained from the general Swiss population in 2017 in 10-year age groups?
(Supplementary Files Table D4). These were increased by 39% to reflect the CD-specific mortality risk

using evidence from a meta-analysis of population-based studies across Europe and the USAZ.

Direct and indirect costs

Methods used to derive unit costs for health care utilisation are described in detail elsewhere?. In brief,
unit costs for IBD-related inpatient (surgical interventions and hospitalisations) and outpatient
(consultation visits, biologic agent infusion-related costs, and imaging scans such as endoscopy)
events recorded in the SIBDCS were estimated from reimbursement claims data obtained from the
Helsana Group (Supplementary Files Table D6). This is a leading health insurance company in
Switzerland providing statutory health insurance to 15% of the population“. Unit costs estimated from

this data were used to cost-weight the health care utilisation reported in the SIBDCS. Pharmaceutical
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costs were derived from public price lists?® using recommended dosing schedules®. All costs were

inflated to 2017 values using the consumer price index in Switzerland?. Indirect costs were calculated

using 2017 national median salaries in Switzerland® and patient-reported days absent from work

extracted from the SIBDCS. Swiss national labour participation rates in 2017 were used to adjust

indirect costs by age® (Supplementary Files Table D5). Costs are reported in CHF and converted to

euros (€) using the average exchange rate in 2017 of CHF 1 = €0.89%.

For the cost-effectiveness model, mean annual per patient costs were estimated from generalised linear

regression models with agamma distribution and log link function. We used separate regression models

for each treatment group including the presence of all health states and disease duration as covariates.

Mean direct costs for the first eight years after diagnosis were predicted for each health state (Table 9).

This allowed costs to vary owver time due to patients switching treatments. After eight years, costs in

each health state were held constant for the remainder of the time that the model was run, assuming

that a stable treatment pattern was reached and that drug prices remained constant over time. Mean

annual per patient indirect costs were estimated for active disease states combined and remission, and

were assumed to remain constant over time (Table 10)

Table 9 Mean total direct costs (CHF) per patient per year by health state for the comparator
(late/no biologic use) and intervention (early biologic use) groups

Disease Disease flare Fistula Stricture Surgery Remission
duration | ate/no | Early | Late/no | Early | Late/no | Early | Late/no| Early | Late/no | Early

(vears) | piologic | biologic | biologic | biologic | biologic | biologic | biologic | biologic | biologic | biologic
0 6,219 15,775 15,618 19,062 6,253 21,610 26,494 32,233 2,709 17,817
1 6,846 15,548 16,520 19,114 6,789 20,603 27,517 32,854 3,112 17,043
2 7,536 15,325 17,474 19,165 7,371 19,644 28,579 33,487 3,576 16,302
3 8,296 15,105 18,484 19,217 8,004 18,729 29,682 34,132 4,109 15,593
4 9,133 14,888 19,551 19,269 8,690 17,857 30,828 34,789 4,721 14,915
5 10,054 14,675 20,680 19,321 9,435 17,025 32,017 35,459 5,425 14,266
6 11,069 14,464 21,875 19,374 10,244 16,232 33,253 36,143 6,233 13,646
7 12,185 14,256 23,138 19,426 11,123 15,476 34,537 36,839 7,162 13,053
8* 13,414 14,052 24,474 19,479 12,077 14,756 35,870 37,548 8,230 12,485

*Costs after 8 years were held constant for the remainder of the time that the model was run
Average exchange rate in 2017: CHF 1 =€ 0.89%®
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Quiality-adjusted life years

Patient-reported quality of life was measured annually using the Short Form 36 (SF-36) questionnaire
in the SIBDCS*. To generate utilities, patients’ responses to each item in the SF-36 were mapped to
the SF-6D using published algorithms*. Utility valuations from the SF-6D were obtained from a sample

of the general population in the UK,

Mean utilities (Table 10) for each health state were estimated from a linear regression model adjusting
for treatment group, health state, disease duration, and the gap (in years) between the date of SF-36
record and the health event (used to adjust for the effects of any delay between the measurement of
patient-reported quality of life and the physician-reported health event in the SIBDCS). Utilities were
multiplied by patients’ length of life per model cycle to calculate QALYs for each health state?®. Utilities
were assumed to be the same for a given health state irrespective of treatment group and were held
constant over time. Thus, any differences in QALYs reflect variations in the risks of health outcomes

between the treatment groups.

One-way and probabilistic sensitivity analysis

In one-way sensitivity analysis all parameters (transition probabilities, costs, and utilities) were varied
independently using the 95% confidence intervals (Cl) (Table 10). Standard errors (SE) for transition
probabilities and costs were assumed to be 20% of the mean. The mean annual probability for each
health state was calculated by averaging annual transition probabilities over the time horizon of the
model. This ensured that transition probabilities did not sum to greater than 1 when varied over wide
ranges. For indirect costs, £20% of the mean was used because the lower bound of the 95% Cls was

negative.

In PSA, joint parameter uncertainty was assessed using 10,000 Monte Carlo simulations. Parameters
were varied around the mean and SEs using recommended distributions®® (Table 10). Specifically, beta
distributions were used for utilities and transition probabilities to ensure that sampled values were
bounded between zero and one. Gamma distributions were used for costs to account for its non-
negative and skewed properties. Transition probabilities were normalised so that they summed to one

when varied over wide ranges.
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Table 10 Parameters used in the base case analysis and ranges and distributions used to vary
parametersin sensitivity and scenario analyses

Direct and indirect costs

. One-way Probabilistic
Base case analysis o : e .
sensitivity analysis | sensitivity analysis
Mean cost (CHF) 95% CI Gamma distribution

per patient per year

(lower, upper)

(Mean?, SE*in CHF)

Late/no biologic use (comparator): Disease

flares 8064, 13921 10,992 (2198)
Late/no biologic use (comparator): Fistula See Table 9 16435, 26594 21,515 (4303)
Late/no biologic use (comparator): Stricture ee fable 7481, 12756 10,119 (2024)
Late/no biologic use (comparator): Surgery 27291, 38227 32,759 (6552)
Late/no biologic use (comparator): Remission 5190, 7584 6387 (1277)
Late/no b_lologlc use (com§parator): Indirect 7019 5616, 8423* 7019 (1404)
costs active health states
Late/no b|0_|0g|C gse (comparator): Indirect 220 176, 264* 220 (44)
costs remission
Early biologic use (intervention): Disease flares 13220, 16442 14,831 (2966)
Early biologic use (intervention): Fistula 16159, 22415 19,287 (3857)
Early biologic use (intervention): Stricture See Table 9 15001, 20476 17,739 (3548)
Early biologic use (intervention): Surgery 30697, 39417 35,057 (7011)
Early biologic use (intervention): Remission 14064, 15566 14,815 (2963)
Ear.ly biologic use (?terventlon): Indirect costs 2560 2048: 3072* 2560 (512)
active health states
Earl_y b_|olcgg|c use (intervention): Indirect costs 730 584, 876* 730 (146)
remission
R Mean utility per 0 Beta distribution
Utilities patient per year 95%Cl (Mean, SE)
Disease flares 0.66 0.63, 0.68 0.66 (0.14)
Fistula 0.67 0.61,0.74 0.67 (0.17)
Stricture 0.68 0.64,0.72 0.68 (0.13)
Surgery 0.64 0.60, 0.68 0.64 (0.14)
Remission 0.71 0.69, 0.73 0.71(0.14)
-, i Annual transition Beta distribution
0
Transition probabilities probability 95% ClI (Mean®, SE*)
h::ggno biologic use (comparator): Disease 0.15.0.35 0.25 (0.05)
Late/no biologic use (comparator): Fistula 0.03,0.08 0.06 (0.02)
Late/no biologic use (comparator): Stricture 0.12,0.28 0.20 (0.04)
Late/no biologic use (comparator): Surgery 0.007, 0.02 0.01 (0.002)
Late/no biologic use (comparator): Remission ?iel,‘:SSFL:pEIrzrgezntary 0.19, 0.45 0.32 (0.06)
Early biologic use (intervention): Disease flares g 0.11, 0.25 0.18 (0.04)
Early biologic use (intervention): Fistula 0.01, 0.03 0.02 (0.004)
Early biologic use (intervention): Stricture 0.03, 0.06 0.05 (0.01)
Early biologic use (intervention): Surgery 0.01, 0.03 0.02 (0.004)
Early biologic use (intervention): Remission 0.22,0.51 0.36 (0.07)
See Supplementary
Mortality rates Files Table D4
Other parameters
Crohn’s disease standardised mortality rate® 1.39 1.3,1.49 N/A

*Standard error (SE) defined as 20% of mean
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SMean indirect costs were adjusted for the labour participation rates in Switzerland (see Supplementary Files Table D5)
#The mean cost value used in PSA reflect the mean cost averaged over disease duration

®The mean transition probability per health state was calculated by averaging annual transition probabilities over 50
years

*Mean + 20% used because 95% Cl was negative

Average exchange rate in 2017: CHF 1 =€ 0.89%

Scenario and subgroup analyses

Sewveral scenarios were analysed to assess variations in the base case results based on methodological
assumptions. This included choosing alternative discount rates (0%, 2% and 5%), shorter time horizons
(1 year and 10 years), varying utility estimates using values from published literature, and using a fixed
owerall mean direct cost per health state. In addition, we evaluated the impact of a 30% reduction on the
price of biologic agents based on the estimated price difference between biosimilars and branded

biologics in the EU*.

We also tested the influence of alternative derivations for transition probabilities. First, to account for
disease history, we generated subgroup-specific transition probabilities from patients who experienced
a previous remission or active event (Supplementary Files Table D7 and Table D8). Second, we used
the complement of all probabilities in each cycle to parameterise the probability of remission
(Supplementary Files Table D9). Finally, we derived transition probabilities from Kaplan-Meier curves

(instead of parametric models) over a 10 year time horizon (Supplementary Files Table D10).

A subgroup analysis was performed including only patients who were known to receive biologic
treatment during follow-up in the SIBDCS. Thus, patients who did not receive any biologic treatment
were excluded since they may have a different, and potentially milder, disease course to those who
required biologic treatment. Propensity score matching was performed stratifying patients into early (€2
years after diagnosis) and late (>2 years after diagnosis) biologic initiation groups (Supplementary Files
Table C4 and Figure C3). Transition probabilities, costs, and QALY's were estimated after propensity
score matching as described previously. Descriptive characteristics of the subgroup are summarised in

Supplementary Files Table C5.
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Model validation

The model structure, assumptions and input parameters were evaluated by clinical experts in
Switzerland and were considered to reflect the natural history of the disease. Additional model checks
included comparing life expectancy estimates from the model to Swiss life tables for consistency. In
addition, we performed quality control of inputted formulae and parameters. Finally, the plausibility of

model structure, inputs and results were compared to previous literature and are discussed.

RESULTS

Base case cost-effectiveness analysis

From the health system and societal perspectives, the intervention strategy cost CHF 86,562 (€77,464)
and CHF 43,808 (€39,204) more, respectively, compared to the comparator strategy over each patient's
lifetime (Table 11). Despite incurring 0.1 more QALYs and CHF 42,754 (€38,261) lower indirect costs
in the intervention strategy, ICERs were above the WTP threshold from both perspectives (health
system: CHF 887,450/€794,180 per QALY; societal: CHF 449,130/€402,000 per QALY). This was driven
by higher costs of inducing and maintaining remission, and managing disease flares and strictures in
the intervention strategy (Table 9). In addition, patients in the intervention group received biologic
therapies for significantly longer (Mean: 5 years, SD: 2.7) compared to biologic users in the comparator
group (Mean: 3.5 years, SD: 2.7; p<0.001), contributing to higher health care costs. The QALY
improvements reflected a lower lifetime risk of disease flares and strictures, and a higher probability of

being in remission for patients in the intervention strategy (Supplementary Files Figure D2).
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Table 11 Cost-effectiveness results for the base case analysis

Late/no biologic use Early biologic use (intervention) Ingremental
(comparator) difference
Undiscounted Discounted Undiscounted Discounted Discounted
Direct costs CHF 520,826 CHF 270,667 | CHF 645,439 CHF 357,229 CHF 86,562
(€ 466,087) (€ 242,220) (€ 577,603) (€ 319,684) (€77,464)
Indirect costs CHF 112,599 CHF 70,132 CHF 42,015 CHF 27,379 CHF -42,754
(€ 100,765) (€ 62,761) (€ 37,599) (€ 24,501) (€ -38,261)
Total costs CHF 633,425 340,799 CHF 687,455 CHF 384,607 CHF 43,808
(€ 566,852) (€ 304,981) (€ 615,203) (€ 344,185) € 39,204
Quality-adjusted
life years (QALYS) 30.79 16.75 31.01 16.84 0.10
Incremental cost-effectiveness ratios (costs per QALY)

: : CHF 887,450
Swiss health system perspective (€ 794,180)
Societal perspective CHF 449,130

(€ 401,926)

Average exchange rate in 2017: CHF 1 =€ 0.89%®

Sensitivity analysis

In one-way sensitivity analysis, the ICER from the health system perspective was most sensitive to

changes in utility values for stricture, the probability of disease flares in the intervention and comparator

groups, and the probability of remission in the comparator group (Figure 13). The intervention was

dominated (higher costs and lower QALYS) at the upper utility value for stricture and at the lower bound

for the probability of remission in the intervention group. None of the parameters led to the ICER being

cost-effective at a WTP of CHF 100,000 per QALY when varied over its 95% CI. Similar results were

found from the societal perspective (Supplementary Files Figure D3). The intenention was dominant

(CostA: CHF -1621, QALYA: 0.25) from the societal perspective when the probability of remission in the

comparator group was reduced.
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QALY stricture (0.64,0.72)

Probability flare: Early biologic use (0.11,0.25)
Probability flare: Late/no biologic use (0.15, 0.35)
Probability remission: Late/no biologic use (0.20, 0.45)
QALY remission (0.69, 0.73)

Probability remission: Early biologic use (0.22, 0.51)
QALY fistula (0.61, 0.74)

Cost flare: Late/no biologic use (8064, 13921)
Probability surgery: Early biologic use (0.01, 0.03)
Probability fistula: Late/no biologic use (0.03, 0.08)
Cost remission: Late/no biologic use (5190, 7584)
Cost flare: Early biologic use (13220, 16442)

Cost stricture: Late/no biologic use (7481, 12736)
Cost remission: Early biologic use (14064, 15566)
Probability surgery: Late/no biologic use (0.01, 0.02)
QALY surgery (0.6, 0.68)

Cost fistula: Late/no biologic use (16435, 26594)
Probability stricture: Late/no biologic use (0.12, 0.28)
Probability stricture: Early biologic use (0.03, 0.06)
QALY flare (0.63, 0.68)

Probability fistula: Early biologic use (0.01, 0.03)
Cost stricture: Early biologic use (15001, 20476)
Cost surgery: Early biologic use (30697, 39417)
Cost surgery: Late/no biologic use (27291, 38227)
Cost fistula: Early biologic use (16159, 22415)
CD-specific mortality rate (1.3, 1.49)
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|

1'000'000

—ICER goes to infinity; intervention was dominated

Base case ICER: CHF 887,450 per QALY

2'000'000 3'000'000 4'000'000

Incremental cost-effectiveness ratio (CHF per QALY)

—ICER goes to infinity; intervention was dominated

5'000'000

6'000'000

Figure 13 Tornado diagram showing the influence of varying each parameter individually on the
ICER from the health system perspective; blue bars indicate ICER was reduced and red bars

indicate ICER increased

In PSA, the intervention strategy had a 0.10 and 0.25 probability of being below the WTP threshold from

the health system and societal perspectives, respectively (Figure 14). The majority of simulations were

clustered above the WTP threshold (Supplementary Files Figure D4).
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0.40

—Health system perspective
Societal perspective

0.10

Probability intervention cost-effective at threshold

0.00
0 100000 200'000 300000 400'000 500'000

Willingness-to-pay threshold (cost per QALY in CHF)

Figure 14 Cost-effectiveness acceptability curve from probabilistic sensitivity analysis after
10°000 Monte Carlo simulations showing the probability that the intervention strategy is cost-
effective at different willingness to pay thresholds

Scenario analyses

ICERSs were high when the model was evaluated over shorter time horizons and when using transition
probabilities from Kaplan-Meier curves due to negligible differences in QALYs and high costs (Table
12). ICERs remained above the WTP threshold when using alternative transition probabilities and when
utility estimates were varied for remission (CHF 169,160 per QALY), fistula (CHF 311,015 per QALY),

and surgery (CHF 1,160,000 per QALY) (Table 12).

Assuming a 30% reduction in the price of biologics reduced the ICER from the health system perspectie
(CHF 134,502 per QALY). Moreower, from the societal perspective, costs were lower and QALY's were

higher (dominance) for the intervention group (Table 12).
In the subgroup analysis considering only patients who were known to receive biologic treatments, eary

biologic initiation was cost saving and improved QALYs from the health system and societal

perspectives. This was driven by lower health care costs for the early biologic initiation group and
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reduced risks of disease flares, fistulae and strictures over patient’s lifetime compared to the late biologic

group (Supplementary Files Figure C5).
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Table 12 Results of scenario analyses used to test the impact of methodological uncertainty on base case results

Incremental Incremental ICER in CHF ICER in CHF
_ . ) Incremental .
Description of scenario direct costs total costs OALYs Health system Societal
(CHF) (CHF) perspective perspective
Base case analysis 86,562 43,808 0.10 887,450 449,130
Discount rate: 2% 96,114 46,192 0.13 755,770 363,216
Discount rate: 5% 72,844 40,427 0.06 1,225,429 680,083
o Intervention Intervention
Time horizon: 1 year 8211 4633 -0.0001 dominated? dominated?
Time horizon: 10 years 59,229 44,917 0.002 >35 million >30 million
Subgroup analysis: Biologic users only (see Supplementary Files 24,636 64,007 0.19 Interyentlc;n Interyenﬂtzn
Table C5) dominant dominant
Transition probabilities
Probab.ll'lt.y of remission parameterised using the complement of row 93.288 40,559 0.15 615.409 267 564
probabilities
Transition probability from remission to any active disease derived
from time-to-event model for the subgroup of the population who 88,790 24,831 0.12 744,585 208,235
experienced at least 1 remission event
Transition probability from a given active state to remission derived
from t!me-to-event model for the subgroup of patlents. who 83,874 17,750 0.10 808,273 171.051
experienced at least 1 of the relevant active events (disease flare,
surgery, stricture, and fistula)
Transition probabilities derived from Kaplan-Meier curves for a time
horizon of 10 years; removing the need for extrapolation of health 59,487 44,072 0.003 17,527,352 12,985,400
outcomes
Utilities
Fistula: 0.4 86,562 43,808 0.28 311,014 81,213
Remission: 0.83" 86,562 43,808 0.51 169,159 44,172
Disease flares: 0.62* 86,562 43,808 0.11 821,207 214,438
Surgery: 0.54* 86,562 43,808 0.07 1,157,638 302,288

Costs
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Mean owerall annual per patient direct costs fixed for each health state | 142,383 78,425 0.10 1,459,745 804,032
. . . Intervention
Assume price of biologic agents reduced by 30%° 13,119 -29,634 0.10 134'502 dominanltb

‘Lindsay J, et al. (2008)%*

*Gregor et al. (1997)*

$IMS Institute for healthcare informatics (2016)*

“Dominated: Intervention had higher costs and lower QALYs
®Dominant: Intervention had lower costs and higher QALY's

Awverage exchange rate in 2017: CHF 1 =€ 0.89; Source:
https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_refe
rence_exchange_rates/html/eurofxref-graph-chf.en.html
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DISCUSSION

Early treatment with biologic agents was associated with a significant cost burden and did not
sufficiently improve health outcomes over a patient’s lifetime compared to similar patients who started
biologics >2 years after diagnosis or who did not receive any biologic treatment. ICERs were
considerably above CHF 100,000 per QALY from the Swiss health system and societal perspectives.
Early biologic users received biologic therapies for significantly longer compared to patients in the
comparator group, contributing to high costs, which were not fully offset by QALY improvements despite
reduced risks of disease flares and strictures. Moreover, 50% of patients in the comparator group in the
base case analysis did not progress to biologic therapies despite .having similar observable baseline
characteristics to patients who received biologic treatments early. Thus, widespread adoption of an
early biologic treatment strategy could lead to overtreatment of these patients who may respond to
conventional pharmaceuticals, incurring unnecessary costs. These results suggest that a rapid step-up
treatment approach may be more appropriate from a cost-effectiveness perspective given the

heterogeneity of disease presentation and prognosis.

We identified several scenarios that mightinfluence the cost-effectiveness of early biologic treatment.
First, the comparator group had a higher burden of work absenteeism during active disease states. This
indicates some societal gains from early biologic use although broader societal costs such as the need
for invalidity benefits, and informal or formal care should also be considered. Moreover, a 30% reduction
in the price of biologic therapies improved the ICER in favour of early biologic treatment, providing an
opportunity for biosimilars, which were estimated to be significantly cheaper than their branded
reference products in Europe® . The owerall cost-effectiveness of biosimilars, however, will depend
on how utilisation changes in response to price reductions with the potential for increased access as
prices fall®*. Finally, in the subgroup analysis considering only patients who were known to receive
biologic treatments, starting treatment within 2 years of diagnosis (early) was associated with reduced
costs and improved health outcomes compared to starting biologics >2 years after diagnosis (late).
Howewer, this subgroup analysis assumed perfect knowledge of which patients will require biologic
treatment during the disease course. Thus, a better understanding of the characteristics of patients
likely to benefit from and respond to aggressive biologic treatment approaches could help target eary

treatment strategies to the appropriate patients.
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Previous studies found that early compared to late biologic treatment was cost-saving and improved
QALYs for moderate to severe CD over the lifetime in Canada'® and 5 years in Italy®®. These studies
were similar to our subgroup analysis since they included only patients who received biologic
treatments. The results underscore the need to target early biologic treatmenttowards high-risk patients
with poor outcomes. A systematic review showed that biologics were not cost-effective for maintenance
of remission in seweral studies in Europe and North America®*. This may explain our results since
patients remained on biologic therapies for several years and those in the intervention strategy received
treatment for even longer. Clear guidelines about when to withdraw biologic treatments might help

optimise disease management further from a clinical and cost perspective®.

Our study differed from previous literature inthe estimation of utilities, some of which used older sources
of health-related quality of life data that might not reflect the benefits of current treatments* >, Quality
of life data was limited by missing information and a delay between the time of the event and response
to questionnaires in the SIBDCS. We estimated higher mean utilities for patients with fistula, surgery
and disease flares, and lower utilities for remission compared to previous literature®. This could be
because patients in our study were recently diagnosed and might experience lower quality of life as
they initially manage their diagnosis. Sensitivity and scenario analysis confirmed the importance of utility
values on owerall results. Future cost-effectiveness analyses will benefit from rigorous evaluation of

patients’ utilities over the course of the disease.

The main strength ofthis work is the use of long-term follow-up data reflecting real world clinical practice
and treatment patterns. This allowed us to capture the dynamic and progressive nature of CD with
health states to reflect the development of important disease complications. We used propensity score
matching to reduce the risk of confounding and selection bias. Moreover, data used to parameterise
the model were collected from the SIBDCS, reducing bias associated with pooling estimates from

studies using heterogeneous methodologies and patient populations.

The model structure and parameterisation required assumptions, which may limit the generalisability of

the results. Specifically, the risks of health outcomes were extrapolated using parametric time-to-event
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models. These predictions may have been affected by fewer patients in later years of follow-up. Long-
term monitoring of health outcomes is required to evaluate the natural history of the disease as novel
treatments are adopted. In addition, we could not evaluate transition specific probabilities or capture
disease history due to small sample sizes and few event failures within these subgroups. Howeer,
preliminary analyses indicated no significant differences in results when alternative probabilities were
used. Finally, some selection bias may have persisted despite propensity score matching due to
unobserved factors. To manage this, we evaluated the impact of additional socio-demographic and
clinical characteristics on the propensity score estimates based on feedback from clinical experts (e.g.,
education, employment status, diagnostic delay, and laboratory values). These did not significantly

influence treatment assignment and were therefore excluded from the propensity score model.

In conclusion, this study found that early biologic treatment was not cost-effective compared to biologic
use more than 2 years after diagnosis or no biologic use in the Swiss CD population assuming a WTP
threshold of CHF 100,000 per QALY . Howewer, there may exist a subgroup of patients for whom biologic
treatment is necessary and where early initiation would be more cost-effective. In addition, price
reductions from biosimilar agents would improve the cost-effectiveness of early initiation. Future work
should identify characteristics that help early stratification of patients that are more likely to benefit from

biologic treatments in order to utilise these therapies effectively.
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Chapter 6: General discussion and conclusions

Widespread availability and uptake of expensive biologic treatments to manage inflammatory bowel
disease (IBD) places a significant financial burden on health systems worldwide®. In Switzerland,
political motivation to contain increasing health care costs is high with a focus on using cost-
effectiveness analyses to systematically evaluate new and existing pharmaceuticals and technologies.
This thesis evaluated the cost and cost-effectiveness of nowvel treatment approaches for Crohn’s
disease (CD) and ulcerative colitis (UC) in Switzerland. Analyses were conducted using real world data
from the Swiss Inflammatory Bowel Disease Cohort Study (SIBDCS) and reimbursement claims data
from a leading private health insurance company in Switzerland. The studies presented in this thesis
provide important insights into the impact of changing treatment patterns in routine clinical practice on

health care utilisation, expenditures, and outcomes for patients with IBD.

SUMMARY OF THESIS FINDINGS

In Chapter 2, the systematic literature review showed that although biologic agents have helped to
improve quality-adjusted life years (QALYs) and remission rates for CD and UC, high drug prices led to
incremental cost-effectiveness ratios (ICERs) above acceptable willingness-to-pay thresholds in the
majority of clinical situations2. We found that studies relied on data from randomised controlled trials
(RCTs), which were conducted over short time periods and for specific subgroups of IBD patients. In
addition, they did not capture the chronic and dynamic nature of IBD or reflect real world treatment
pathways. Based on these studies, it was evident that comprehensive cost-effectiveness evaluations

were needed in order to identify optimal treatment strategies in the face of rising health care costs.

Pillai et al. (2019) evaluated the impact of therapeutic advances and disease progression on trends in
health care utilisation and expenditures for IBD in Switzerland over 10 years (Chapter 3)3. We observed
a dramatic rise in the uptake of biologic treatments to manage IBD from 2006 to 2016 leading to a
significant increase in owverall health care expenditures of 7% for CD and 10% for UC per year, on
average®. Pharmaceutical expenditures accounted for almost 80% of total health care spending for CD
and UC in 2016 compared to 53% (CD) and 66% (UC) in 2006. Importantly, rising pharmacettical
expenditures were not offset by changes to utilisation and expenditures forinpatient and outpatient care
after controlling for disease sewerity and patient characteristics®. In addition, indirect costs from

productivity losses remained stable for CD and declined moderately for UC. The observed increase in
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pharmaceutical expenditures for IBD is supported by literature from other countries and contrasts with
early literature, which reported inpatient care as the main driver of costs in IBD. This research
demonstrated the need for future studies to understand the impact of changing clinical management on
health outcomes, quality of life, and productivity loss in order to ensure value for money from nowel

therapies in Switzerland.

Recent literature has suggested that earlier initiation of treatment with biologic agents for patients with
CD might reduce the risks of disease complications and surgery in the long-term*®. The obsened
increase in biologic treatment adoption between 2006 and 2016 in Switzerland (Chapter 3) might
indicate a lower threshold for utilising biologics, which could also lead to patients receiving biologics
earlier on in the disease course. This topic was evaluated in two studies presented in this thesis looking
at the clinical outcomes (Chapter 4) and cost-effectiveness (Chapter 5) of early biologic treatment

compared to late or no biologic treatmentin CD patients.

In Chapter 4, we conducted a retrospective analysis of clinical outcomes over 10 years using data
collected in the SIBDCS. Patients who received biologic treatments within 2 years of diagnosis (eary
biologic treatment) were compared to similar patients who received biologics more than 2 years after
diagnosis or who did not receive any biologic treatments (late/no biologic treatment). Propensity score
matching was used to ensure patients were similar in each treatment group and to reduce the risk of
selection bias associated with observational data. This study found no significant differences in the
cumulative probability of intestinal resection surgery, fistula, stricture, and disease flares between the
early biologic treatment group and the late/no biologic treatment group after 10 years of follow-up.
Howewer, annual trends in the predicted probability of fistula, stricture, and disease flares indicated an
initially higher risk of each outcome for the early biologic group, which remained stable or declined ower
time. Conversely, annual predicted probabilities increased over time for the late/no biologic group in the
first 10 years after diagnosis. In addition, in a subgroup analysis of patients known to receive biologic
treatments, earlyinitiation significantly reduced the cumulative risks of strictures and disease flares over

time, but the risk of fistula was higher compared to late biologic initiation.
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In the cost-effectiveness analysis, clinical outcomes presented in Chapter 4, quality of life, direct health
care costs, and indirect costs associated with productivity loss were extrapolated and modelled over
the patient’s lifetime for the early compared to the late/no biologic treatment groups (Chapter 5). Results
showed that patients receiving biologic treatments early had higher lifetime QALYs (16.84 QALYSs), due
to lower overall risks of stricture and disease flares over the lifetime, compared to those in the late/no
biologic treatment group (16.75 QALY's). However, QALY gains were not sufficient to offset the high
health care costs of early biologic treatment, which were greater than CHF 300,000 per patient due to
the high costs of inducing and maintaining remission and managing disease complications over
patients’ lifetime. Thus, early biologic use was not cost-effective from the Swiss health system (CHF
887,450 per QALY) and societal (CHF 449,130 per QALY) perspectives assuming a societal
willingness-to-pay threshold of CHF 100,000 per QALY (Chapter 5). In probabilistic sensitivity analyses,
taking into account uncertainty in the model input parameters, early biologic use had a low probability
of being cost-effective of 0.1 from the Swiss health system and 0.25 from the societal perspectives.
Early biologic use was, howewver, associated with a reduced burden of work absenteeism indicating
some societal gains from early treatment. In addition, simulating a reduction in drug prices based on
cost savings from biosimilars and evaluating only the subgroup of patients known to progress to

biologics improved the cost-effectiveness of early biologic treatment.

IMPLICATIONS FOR CLINICAL PRACTICE AND FUTURE RESEARCH

As patents for biologic agents expire, increased availability and uptake of biosimilars will provide an
opportunity for reduced drug prices, which might help to manage rising health care costs in IBD and
increase access to treatments®. However, increased access might significantly influence health care
budgets despite reduced drug prices as utilisation volumes grow. To manage drug utilisation and avoid
unnecessary treatment and costs, it is important to understand clinical factors that indicate a need for
biologic treatment. Moreower, clear guidelines on the duration of treatment with biologic agents are
currently lacking’. Our systematic literature review identified seweral studies across different
geographies reporting that maintenance treatmentwith biologic agents was not cost-effective compared
to conventional pharmaceuticals for both CD and UC (Chapter 2)°. However, data from the SIBDCS
showed that CD patients treated with biologics remained on these therapies for 4 years, on awerage

(Chapter 4). Moreower, those who received biologics early on in the disease course continued therapy
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for significantly longer than those who stepped up therapy in the conventional approach contributing to
higher overall health care costs (Chapter 5). Future research should explore the clinical effectiveness

and cost implications of different treatment durations and withdrawal strategies.

With the rising use of biologic agents, therapeutic drug monitoring has gained attention in recent
literature as a means to reduce treatment costs in IBD and manage the risks of inefficient and
inappropriate disease management®*°. Closely monitoring drug concentration and anti-drug antibody
levels following biologic initiation can increase drug efficacy, reduce the risks of toxicity, and improwe
patient outcomes through quicker decision making*. Two types of monitoring are discussed in the
literature. Proactive drug monitoring closely follows patients during maintenance phases of IBD in order
to adjust drug doses and minimise the risk of treatment failure. Alternatively, reactive drug monitoring,
during active phases of the disease, helps to guide decision making following loss of response to
biologic treatment and poor disease control™ 2, Reactive drug monitoring was shown to be cost-
effective compared to clinically-driven treatment optimisation for patients on biologic treatments*4. A
recent systematic review of the literature found no clear evidence that proactive or reactive drug
monitoring improved remission rates in IBD when compared to drug optimisation based on symptoms
or biomarkers®. However, proactive drug monitoring was reported to decrease drug discontinuation and

relapse rates®*®

. Given the lack of evidence, long-term studies are needed to assess the role of
therapeutic drug monitoring in IBD. In particular, we need an understanding of the optimal drug
concentration levels to achieve, when to perform therapeutic drug monitoring (during active or remission
phases), and the costs and outcomes related to long-term continuous monitoring. Importantly, for

therapeutic drug monitoring to be effective, clear treatment protocols should be established to guide

decision-making in the case of suboptimal drug response or treatment failure.

In Chapters4 and 5, we obsernved a large proportion of CD patients that did not progress to biologic
therapies and did not experience worse clinical outcomes despite similar baseline characteristics to
patients receiving biologic treatments early. This suggeststhat widespread adoption of an early biologic
treatment strategy could lead to owertreatment of patients that respond to conwventional
pharmaceuticals, incurring unnecessary costs. Importantly, when only patients who were known to

receive biologic treatments were included in subgroup analyses, retrospective analyses indicated that
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early biologic use improved clinical outcomes (Chapter 4) and was cost-effective (Chapter 5) compared
to later treatment initiation. This was due to lower health care and societal costs and reduced overall
risks of strictures and disease flares. This indicates scope for future research to identify factors
associated with the need for biologic treatment in order to allow for early detection and treatment of
patients who might benefit from aggressive therapies. Studies suggested that a young age at diagnosis
of <40 years, extra-intestinal manifestations (EIMs), initial steroid treatment, smoking, and perianal
disease were strongly associated with a future need for biologic treatments and poor disease
prognosis'®*8, Future research identifying genetic and phenotypic markers of a complicated disease
course will help to prioritise patients for early treatment strategies®®. In addition, faster escalation of
treatments based on closer monitoring of known biomarkers ofinflammation (such as C-reactive protein
and faecal calprotectin) was shown to improve remission rates and was cost-effective for patients with
CD compared to the conventional step-up approach where treatments were escalated based on clinical
symptoms using disease activity scores®?, Thus, closer monitoring of disease progression and
treatment response combined with predictive tools to help target aggressive treatment strategies to the

appropriate patients has the potential to improve the efficiency of CD management.

We found a significant rise in the utilisation of biologic therapies to manage UC patients in Switzerland,
raising questions about the appropriate integration of these treatments in routine care (Chapter 3)3
Little evidence currently exists about the clinical benefits of early biologic treatments for patients with
UC. Since several UC patients respond to first line therapies, biologic agents are often reserved for
patients with severe disease?’. A cohort study reported similar rates of colectomy and hospitalisation
amongst patients with mild to moderate UC receiving anti-TNF treatment within three years of diagnosis
compared to patients who received treatment later?. This study may be limited by selection effects
given that UC patients in the early treatment group had more severe disease compared to those in the
late group and were therefore more likely to need colectomy. Since UC presents primarily as a mucosal
disease and rarely exhibits progressive characteristics through strictures and fistula, an early treatment
approach may be less relevant relative to CD where patients are at high risk of disease progression®
2, Newertheless, given the risks associated with surgery, such as post-operative complications and
reduced quality of life, understanding the role of biologic treatments in delaying total colectomy will help

to improve the management of UC.
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IMPLICATIONS FOR HEALTH POLICY

The comprehensive statutory health insurance system in Switzerland ensures universal access to high
quality care for all residents in the country. However, spiralling health care costs resulting in annual
increases in health insurance premiums are of great concern to the population and policy-makers®.
Due to an aging population and increasing burden of chronic disease, political motivation to contain
costs in the health system are at the forefront of the new health agenda®. This thesis is timely given
ongoing discussions to increase and formalise the use of health technology assessments (HTA) and
cost-effectiveness analyses to manage efficiency in the health system?* %, The evidence reported in
this study can contribute to reimbursement decisions by public health policy makers, health insurance
companies, and clinicians in Switzerland about the use of biologic agents in the IBD population. More
generally, it confirms the need to continuously assess the cost-effectiveness of health care technologies
in order to strike a balance between providing clinically effective interventions and ensuring economic

efficiency.

The incidence and prevalence of IBD is rising worldwide, including an increasing burden of the disease
observed in low- and middle-income countries?’ %, This represents a global public health challenge with
decisions to be made about optimal care pathways and resource allocation. The results presented in
this thesis are consistent with previous literature across high-income countries reporting a growing
economic burden of IBD due to the increased use of biologic agents®®, This thesis showed that there
might be subgroups of patients for whom biologic treatment is clinically effective and where early
aggressive treatment with biologics might be more cost-effective. Since drug prices and health system
structures vary across countries, applying cost-effectiveness results to different countries is often
limited. Howeer, rising health care costs and an increasing burden of chronic diseases are challenges
faced by health systems worldwide. This calls for innovative treatment strategies and financially
sustainable health financing mechanisms to contain the costs of IBD care and ensure access to

appropriate and effective treatments for patients who need them.

USING REAL WORLD DATAIN ECONOMIC EVALUATIONS
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The importance of real world data (RWD) to inform the clinical- and cost-effectiveness of nowel
pharmaceuticals after regulatory approval and market authorisation is recognised by reimbursement
agencies worldwide3"*. This includes using data from clinical registries, cohort studies, electronic
medical records, and administrative data to complement evidence from RCTs by evaluating the
effectiveness of treatments in diverse, real life patient settings. The analyses presented in this thesis
demonstrated the statistical implications and feasibility of using RWD to evaluate health care utilisation,
changing health care costs, and cost-effectiveness. Specifically, cost data from reimbursement claims
were linked to patient- and physician-reported health care and treatment utilisation data collected in the
SIBDCS in order to understand changing treatment patterns in IBD and the cost-effectiveness of novel
treatment strategies. The work benefited from the rich and broad scope of data collected in the SIBDCS
including detailed clinical data on the timing of disease diagnosis, health outcomes, health care and
treatment utilisation, and patient-reported quality of life. In addition, there was sufficient variation in the
adoption of new treatments over time and across providers participating in the SIBDCS, which could be

exploited inthese analyses by identifyingclinically similar patients following distinct treatment pathways.

In this thesis, statistical approaches including propensity score matching and panel data regression
analyses were used to manage biases associated with RWD. Propensity score methods are often
limited by the potential for unobsened confounding variables that may influence the outcome, the
choice of matching approach, and the numbers of patients dropped in the treatment due to non-
matching (common support). In order to minimise the effects of these limitations, a broad selection of
patient and clinical variables, which captured disease sewerity and the potential for future complications,
were included in our propensity score model (Chapter 4 and 5). In addition, subgroup and sensitivty
analyses were conducted using different patient groups and matching approaches. In these analyses,
gualitatively similar trends in clinical outcomes were observed, suggesting a low risk that results were
influenced by unobserved patient factors or the chosen matching approach. Finally, there were few
patients dropped due to a lack of common support, highlighting the variability in treatment strategies
capturedinthe SIBDCS. An additional consideration for this work was to ensure that there was sufficient
data and patient numbers to extrapolate observed clinical outcomes over patients’ lifetime in the cost-
effectiveness analysis (Chapter 5). This required assumptions that treatment patterns remained stable

and health outcomes consistently followed the obsered trends over time. Moreover, due to low patient
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numbers, the influence of patient’s event history on future health outcomes could not be explicitly
captured in the cost-effectiveness study. The impact of these uncertainties on the cost-effectiveness
results were tested in sensitivity analyses and found to not significantly influence overall results. Future

studies with longer follow-up data could be informative to validate these results.

QALYs are often used in cost-effectiveness studies to capture patients’ health-related quality of life. In
this thesis, QALYs were based on patient-reported data from the Short-Form 36 (SF-36) questionnaire,
which evaluated health status on 8 dimensions capturing the physical, emotional, and social aspects of
functioning®. These measures fail to capture broader aspects of health care that may be of value to
patients such as the perceived appropriateness of care, attitudes towards treatments, satisfaction with
health care professionals and the care pathway, and non-health related measures of well-being (e.g.,
productivity losses and the impact on families/caregivers). Moreover, there is typically wide variation
around preference-based scores for health states generated from the SF-36%. Howewer, cost-
effectiveness studies recommend treatment strategies based on the awverage patient experience.
Heterogeneity at the individual patient level can have consequences for the cost-effectiveness of
interventions and health care senices, particularly if they affect adherence rates and outcomes ",
Integrating data on patients’ experience with different treatments over the course of their disease can
help to shed light on patient’s values and preferences. Recent examples include the use of discrete
choice experiments, whereby patient preferences for interventions are elicited by presenting a series of
competing scenarios® 142, As novel methods are applied, it will be important to develop standardised
guidelines on how toincorporate this evidence into cost-effectiveness models to aid evaluation of health

care interventions.

CONCLUSIONS

The studies reported in this thesis indicated that, in general, while biologic agents have helped improwe
outcomes for some patients, high drug prices contributed to a growing economic burden of CD and UC.
In Switzerland, increasing health care expenditures for IBD over 10 years was marked by a shift towards

greater pharmaceutical management over the past decade driven by greater uptake of biologic agents.

While the costs of biologic treatments are high, inefficient treatment strategies can have significant
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health and cost implications. Closer monitoring of patients’ response to treatments will help timely

decision-making and improve patient care.

Further examination of an early biologic treatment approach for CD patients indicated no significant
improvements in long-term disease progression or surgery rates compared to late or no biologic
treatment over 10 years. Consequently, due to high treatment costs and small lifetime improvements in
QALYs, early biologic treatment was not cost-effective for CD patients compared to late or no biologic
treatment based on current thresholds and prices in Switzerland. This thesis identified a subgroup of
patients for whom biologic treatment is necessary and where earlier initiation would be both clinically-
and cost-effective. Future studies characterising clinical, serological and genetic factors influencing
disease prognosis will help to stratify patients and target aggressive treatment strategies to those likely
to benefit. In addition, future price reductions from biosimilar agents may help improve the cost-

effectiveness of early biologic initiation.

Finally, this thesis demonstrated the feasibility and importance of using real world data to evaluate the
cost and health implications of the changing treatment landscape for chronic diseases. Continuous re-
evaluation of the cost-effectiveness of novel treatments and treatment approaches will help to manage

costs and improve health care efficiency as the burden of chronic diseaserises.
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Full literature search strategy

Table Al Full search strategy in Ovid MEDLINE, Embase, and York Centers for Reviews and
Dissemination

Search in Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid EDLINE(R) 1946 to Present

Number | Search terms Results
1 crohn* disease.ti,ab,kw. 39445
2 ulcerative colitis.ti,ab,kw. 33430
3 inflammatory bowel disease*.ti,ab,jw. 39791
4 lor2or3 81955
5 cost effectiveness*.ti,ab,kw. 48099
6 cost utility.ti,ab,kw. 3569
7 cost benefit.ti,ab,kw. 8698
8 health economic*.ti,ab,kw. 6165
9 economic evaluation*.ti,ab,kw. 9451
10 S5or6or7or8or9 65240
11 4and 10 280
12 limit 11 to English language 259

Search in Embase 1974-November 9 2016

Number | Search terms Results
1 crohn* disease.ti,ab,kw. 60956
2 ulcerative colitis.ti,ab,kw. 49359
3 inflammatory bowel disease*.ti,ab,jw. 60016
4 lor2or3 118867
5 cost effectiveness*.ti,ab, kw. 66971
6 cost utility.ti,ab,kw. 5770
7 cost benefit.ti,ab,kw. 13108
8 health economic*.ti,ab,kw. 9738
9 economic evaluation*.ti,ab,kw. 13216

10 S5or6or7or8or9 91499
11 4 and 10 552
12 limit 11 to English language 519

Search in York Centers for Reviews and Dissemination (CRD) databases: DARE, NHS EED, HTA

Number | Search Results

1 (cost benefit) OR (cost effectiveness) OR (cost utility) IN DARE, NHSEED, HTA | 19213

(crohn* disease) OR (ulcerative colitis) OR (inflammatory bowel disease) IN

2 DARE, NHSEED, HTA o84
3 (economic evaluation) IN DARE, NHSEED, HTA 18503
4 #1 OR #3 22049
5 #2 AND #4 152
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Descriptive information of included studies

Table A2 Descriptive data and original costs extracted from studies on Crohn’s Disease
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Reference (year, Model type | Perspective | Time horizon | Interventions/Comparators* Original cost ICER (cost per
country) (currency) outcome gained)®
Trallori et al. (1997, None Societal Lifetime Maintenance therapy with mesalazine 5077899 (USD) 5015 USD
unclear) *
No maintenance treatment 4982619 (USD)
Arsenau et al. (2001, | Markov Third party lyear 6MP /metronidazole combination 2894 (USD) Reference
USA) ® model payer
Initial infliximab infusions plus combination 10003 (USD) 355450
with 6MP/metronidazole if treatment failure
Initial infliximab infusion with episodic 10112 (USD) 360900
reinfusion if treatment failure
6MP/metronidazole followed by infliximab 6664 (USD) 377000
with episodic reinfusion if treatment failure
Marshall et al. (2002, | Markov Publically- lyear Strategy A: “usual care” 9940 (CAD) Strategy A vs. Strategy
Canada) * model funded health immunosuppressants, intravenous B: 181201 CAD
system corticosteroids and surgery
Strategy B: Single infliximab infusion 12702 (CAD) Strategy C vs. Strategy
B: 480111 CAD
Strategy C: Single infliximab infusion plus 13739 (CAD) Strategy D vs. Strategy
reinfusion for patients who relapse C: 696078 CAD
Strategy D: Single infliximab infusion plus 21597 (CAD)
maintenance infliximab for patients who
respond and usual care for patients who do
not respond
Clark et al. (2003, Markov Publically- Lifetime Episodic infliximab treatment 10400 GBP
UK) Schering-Plough | model funded health
model ¥ system
Single infliximab treatment 6700 GBP
Maintenance infliximab treatment 84400 GBP

181




Supplementary FilesA: Chapter2

Placebo Reference
Clark et al. (2003, Markov Publically- Initial treatment with infliximab 12300 GBP
UK) Schering-Plough | model funded health
model ¥ system
Initial treatment with infliximab plus 96000 GBP
retreatment if fistula reopens
Initial treatment with infliximab plus 117000 GBP
maintenance treatment for patients achieving
100% fistula closure
Placebo Reference
Clark et al. (2003, Markov Publically- Other Infliximab (5mg/kg) single dose 93244 GBP
UK) Primary model funded health
economic evaluation system
37
Infliximab (5mg/kg) episodic dose 62016 GBP
Infliximab (all doses) single dose 135333 GBP
Infliximab (all doses) episodic 72261 GBP
Placebo Reference
Jaisson-Hot et al. Markov Third party Lifetime Strategy 1a: Initial infliximab infusion plus re- | 119801.60 63700.82 Euros
(2004, France) * model payer treatment when patients relapse or do not (Euros)
respond
Strategy 1b: Initial infliximab infusion plus 687086.96 784057 Euros
maintenance infliximab infusions every 8 (Euros)
weeks
Strategy 2: Surgery 71296.44 (Euros) | Reference
Priest et al. (2006, Decision Third party lyear Azathioprine maintenance therapy 972891 (USD) Azathioprine dominant
NZ) 3% analytic payer
model
Methotrexate maintenance therapy 1190191 (USD)
Kaplan et al. (2007, Decision Not clear lyear Infliximab dose escalation to 10mg/kg every | 28367 (USD) 332032 USD
USA) * analytic 8 weeks
model
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Discontinue infliximab and switch to
adalimumab induction and maintenance
therapy

18074 (USD)

Lindsay et al. (2008,
UK) %

Markov
model

Publically-
funded health
system

5years

Infliximab initial infusions and maintenance
treatment

31499 (GBP)

26128 GBP

Standard care (immunomodulators and/or
corticosteroids)

26627 (GBP)

Lindsay et al. (2008,
UK) “

Markov
model

Publically-
funded health
system

5years

Infliximab initial infusions and maintenance
therapy

37488 (GBP)

29752 GBP

Standard care (immunomodulators and/or
corticosteroids)

31490 (GBP)

Bodger et al. (2009,
UK) 41

Markov
model

Publically-
funded health

system

Lifetime

Infliximab infusions for induction of remission
followed by maintenance treatment for 1 year

50330 (GBP)

19050 GBP

Infliximab infusions for induction of remission
followed by maintenance treatment for 2
years

58230 (GBP

21300 GBP

Adalimumab injection for induction of
remission followed by maintenance treatment
for 1 year

46730 (GBP)

7190 GBP

Adalimumab injection for induction of
remission followed by maintenance treatment
for 2 year

53090 (GBP)

10310 GBP

Standard care (5ASA, immunosuppressive
agents, corticosteroids, antibiotics,
symptomatic therapies, topical therapies and
surgery)

43490 (GBP)

Reference

Loftus et al. (2009,
UK) 42

Decision
analytic
model

Publically-
funded health
system

1year

Adalimumab maintenance therapy injection

10882 (GBP)

16064 GBP
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Non-biologic therapy (based on the CLASSIC | 8992 (GBP) Reference
| trial: placebo and conventional medications)
Adalimumab maintenance therapy injection 9696 (GBP) 33731 GBP
Non-biologic therapy (based on the CLASSIC | 6649 (GBP)
| trial: placebo and conventional medications)
Yu et al. (2009, USA) | Decision Third party lyear Adalimumab maintenance therapy injection 34193 (USD) Adalimumab dominant
s analytic payer
model
Infliximab maintenance therapy infusion 39045 (USD)
Bakhshai et al. Decision Third party 2 years Natalizumab induction and maintenance 68372 (USD) Reference
(2010, USA) * analytic payer infusion
model
Infliximab induction and maintenance 62090 (USD) Dominated by
infusions adalimumab
Adalimumab induction and maintenance 61796 (USD) 4059.26 per month of
injection remission
Dretzke et al. (2011, | Markov Publically- lyear Standard care 13415 (GBP) Dominated
UK) model funded health
system
Infliximab induction infusions 12051 (GBP) Reference
Infliximab maintenance infusions 19143 (GBP) 5.03 million GBP
Standard care 13421 (GBP) Dominated
Adalimumab induction infusions 7053 (GBP) Reference
Adalimumab maintenance infusions 14047 (GBP) 4.98 million GBP
Standard care 6615 (GBP) Reference
Infliximab induction infusions 9573 (GBP) 94321 GBP
Infliximab maintenance infusions 16751 (GBP) 13.9 million GBP
Standard care 6615 (GBP) Dominated
Adalimumab induction infusions 4583 (GBP) Reference
Adalimumab maintenance infusions 11657 (GBP) 13.9 million GBP
Ananthakrishnan et Decision Third party lyear Antibiotics arm: Metronidazole given post- 2840 (USD) Reference
al. (2011, USA) * analytic payer operatively. No treatment given if patients
model experience adverse events on metronidazole
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unless disease recurred in which case they
received infliximab

Azathioprine arm: Azathioprine given post-
operatively. No treatment given if patients
experience adverse events on azathioprine
unless disease recurred in which case they
received infliximab induction and
maintenance infusions

3218 (USD)

Dominated

No treatment arm: No treatment given post-
operatively. Patients who dewelop clinical
recurrence receive infliximab induction and
maintenance infusions

3924 (USD)

Dominated

Tailored infliximab arm: No treatment post-
operatively. Patients receive colonoscopy at
6 months; those at no or mild endoscopic
recurrence risk received no treatment and
those at high endoscopic recurrence risk
receive infliximab induction and maintenance
infusions

8030 (USD)

Dominated

Upfront infliximab arm: Infliximab standard
dose maintenance infusions given post-
operatively. Patients who do not respond to
infliximab receive stop treatment and receive
no alternative treatment but switch to
azathioprine if disease recurs. Patients who
dewelop disease recurrence while on
infliximab receive increased infliximab dose
(10mg/kg every 8 weeks).

22145 (USD)

2757857 USD

Ananthakrishnan et
al. (2012, USA) “

Decision
analytic
model

Third party
payer

lyear

Natalizumab induction and maintenance
infusion

51842 (USD)

381,678 USD

Certolizumab pegol induction and
maintenance injection

46314 (USD)
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Blackhouse et al. Markov Publically- 5years Infliximab induction and maintenance 54084 (CAD) 222955 CAD
(2012, Canada) * model funded health infusions
system

Adalimumab induction and maintenance 45480 (CAD) 193305 CAD

injection

Usual care: Immunosuppressants and 17107 (CAD) Reference

corticosteroids

Infliximab strategy vs. Adalimumab strategy 451165 CAD
Doherty et al. (2012, | Monte Carlo | Societal lyear Infliximab induction and maintenance 25127 (USD) 831912 USD
USA) % simulation infusions

Once daily continuous oral azathioprine 6692 (USD) 299188 USD

Once daily continuous oral mesalazine 5904 (USD) Dominated

No treatment 1957 (USD) Reference
Tang et al. (2012, Monte Carlo | Third party lyear Infliximab induction and maintenance 22686 (USD) Dominant strategy
USA) simulation | payer infusions

Adalimumab induction and maintenance 27561 (USD) Dominated

injection

Certolizumab pegol induction and 29158 (USD) Dominated

maintenance injection

Natalizumab induction and maintenance 31270 (USD) Dominated

infusion
Marchetti et al. Markov Third party Syears Top-down arm: Initial induction infusion with | 14631 (Euros) Top-down strategy
(2013, Italy) model payer infliximab plus azathioprine, followed by dominant

infliximab re-treatment and continued

azathioprine if symptom exacerbation

occurred and finally methylprednisolone

added if necessary

Step up arm: Induction treatment with 15404 (Euros)

methylprednisolone, followed by re-treatment

with methylprednisolone plus azathioprine if
relapse occurred and finally infliximab plus
azathioprine added if necessary
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Saito et al. (2013,
UK) %

Decision
analytic
model

Publically-
funded health
system

1year

Infliximab induction and maintenance
infusions plus azathioprine

8573.04 (GBP)

24917 GBP

Infliximab induction and maintenance
infusions monotherapy

6979.68 (GBP)

Erim et al. (2015,
USA) *

Markov
cohort
model

Third party
payer

lyear

Adalimumab plus vedolizumab without prior
dose increase: Adalimumab induction
injections followed by maintenance injections
for responders and switch to vedolizumab
maintenance infusion for non-responders or
patients who lose response

42015 (USD)

Reference

Adalimumab strategy without dose increase:
Adalimumab induction injections and
maintenance injections for primary
responders

44176 (USD)

Dominated

Adalimumab plus vedolizumab with prior
dose increase: Adalimumab induction
injections followed by maintenance injections
for primary responders. For patients who do
not respond or lose response receive
adalimumab maintenance dose
intensification (weekly) or switch to
vedolizumab induction and maintenance
infusion

45588 (USD)

611974 USD

Adalimumab with dose increase:
Adalimumab induction injection followed by
adalimumab maintenance therapy every
other week for responders and maintenance
therapy weekly for non-responders

48245 (USD)

Dominated

Taleban et al. (2016,
USA) %2

Markov
model

Third party
payer

Lifetime

Total colectomy with ileal pouch anal
anastomosis (IPAA)

172263 (USD)

70715 USD

Total colectomy with permanent end
ileostomy (EI)

123411 (USD)
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Rafia et al. Markov Publically- 10year Mixed population:

(2016, UK) Takeda model funded health

submission = system
Vedolizumab induction and maintenance Reference
infusion
Conwventional therapy (5ASA, 62903 GBP

immunomodulators, and corticosteroids)

Anti-TNF failed population:

Vedolizumab induction and maintenance Reference
infusion
Conwventional therapy (5ASA, 98452 GBP

immunomodulators, and corticosteroids)

Anti-TNF naive population:

Vedolizumab induction and maintenance Reference
infusion

Conventional therapy (5ASA, 22718 GBP
immunomodulators, and corticosteroids)

Infliximab induction and maintenance infusion 26580 GBP
Adalimumab induction and maintenance 758344 GBP
injection

‘Conventional therapy/standard of care defined as drug treatment with aminosalicylates, methotrexate, corticosteroids, azathioprine, metronidazole or
surgery; standard dosing approved by FDA and EMA applies unless otherwise specified.

SUnless otherwise stated, the ICER reportsthe cost per QALY gained

*The indication in this study is “moderate to severe IBD” however, efficacy data was extracted from studies on CD therefore it is assumed that thismodel
reflects the cost-effectiveness for patients with CD. Thislack of clarity is captured in the risk of bias assessment.
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Reference (year, Model type | Perspective | Time horizon | Interventions & comparators* Cost (currency) | ICER (cost per
country) outcome gained)?
Panes et al. (2007, | Decision Third party lyear Induction treatment with prednisone followed | 6059 (Euros) 23898 Euros
Spain) analytic payer by 5-ASA maintenance therapy for patients
model in remission or azathioprine for non-

responders

Induction treatment with prednisolone 11436 (Euros)

followed by 5-ASA maintenance therapy for

patients in remission or granulocyte

manocyte adsorptive (GMA)-apheresis for

non-responders
Buckland et al. Decision Publically- 12 weeks Induction therapy using high dose 2382 (GBP) High dose dominant
(2008, UK) ** analytic funded health mesalazine (4.8g/day)

model system

Induction therapy using standard dose 2474 (GBP)

mesalazine (2.4g/day)
Tsai et al. (2008, Markov Publically- 10years Patients responding to initial infliximab 66460 (GBP) 27424 GBP
UK) % model funded health infusions: Maintenance infliximab infusions

system

Standard care 45798 (GBP)

Patients in remission after initial infliximab 53874 (GBP) 19696 GBP

infusions: Maintenance infliximab infusions

Standard care 46259 (GBP)
Yen et al. (2008, Markov Third party 2 years No maintenance 5ASA: 5-ASA 4.8g/day 3304 (USD) 224000 USD
USA) % model payer given during a flare and stopped once

remission achieved

Maintenance 5ASA: 5-ASA 2.4g/day given 7951 (USD)

for maintenance treatment and escalated to
4.8g/day after first flare to induce and
maintain remission
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Connolly et al. Decision Publically- lyear Once daily mesalazine maintenance therapy | 815 (GBP) Once daily mesalazine
(20093, UK) %’ analytic funded health is dominant
model system
Twice daily mesalazine maintenance therapy | 971 (GBP)
Connolly et al. Markov Publically- Not stated Induction treatment with topical mesalazine | 1812 (GBP) Combination therapy
(2009b, UK) 8 model funded health plus oral mesalazine combination dominant
system
Induction treatment with oral mesalazine 2390 (GBP)
monotherapy
Xie et al. (2009, Markov Publically- 5years Strategy A: Standard care (5-ASA or 24268 (CAD) Reference
Canada) % model funded health immunosuppressants)
system
Strategy B: Infliximab induction infusions 82756 (CAD) 358088 CAD
followed by infliximab maintenance infusions
if patient responds. If no response or
response lost during maintenance therapy,
then switch to adalimumab induction and
maintenance injections. If still no response or
if response is lost switch to surgery.
Strategy C: Infliximab induction infusions 101272 (CAD) 575540 CAD
followed by infliximab maintenance infusions
if patient responds. If no response, escalate
dose to 10mg/kg infliximab maintenance
infusions. If still no response or response is
lost switch to adalimumab induction and
maintenance injections
Brereton et al. Markov Publically- 5years 5 year model: Induction and maintenance 5582 (GBP) 749 GBP
(2010, UK) ® cohort funded health treatment with MMX mesalazine (1200mg
model system tablets once a day)
5 year model: Induction and maintenance 5574 (GBP)

treatment with Mesalazine (400mg tablets
two to three times a day)
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Lifetime model: Induction and maintenance
treatment with MMX Mesalazine (1200mg
tablets once a day)

21668 (GBP)

7600 GBP

Lifetime model: Induction and maintenance
treatment with Mesalazine (400mg tablets
two to three times a day)

21375 (GBP)

Punekar et al.
(2010, UK) &

Decision
analytic
model

Publically-
funded health
system

1year

Cyclosporine: IV cyclosporine plus IV
hydrocortisone. If patient responds, switchto
oral cyclosporine plus oral prednisolone and
azathioprine. For non-responders, switch to
surgery

18122 (GBP)

Reference

Colectomy: 71% of patients receive
illeostomy and 29% of patients receive ileal
pouch anal anastomosis (IPAA)

17067 (GBP)

9,032 GBP

Standard care: Continue IV hydrocortisone
for 7 days. If patient responds, switch to oral
prednisolone and azathioprine. For non-
responders, switch to surgery.

18524 (GBP)

Dominated

Infliximab: Infliximab induction infusions plus
IV hydrocortisone. If patient responds,
receive two more infliximab infusions plus
prednisolone and azathioprine. For non-
responders, switch to surgery

19847 (GBP)

18388 GBP

Prenzler et al.

(2011, Germany) ¢

Markov
model

Third party
payer

5years

MMX mesalazine (2400mg/day) induction
and maintenance therapy for patients who
respond. For non-responders, increase dose
to 4800mg/day and if still no response add
oral corticosteroids. If still no response or
relapse, patient receives
immunosuppressants and/or IV steroids and
surgery if medical treatment continues to fail.

4940 (Euros)

MMX is dominant

Mesalazine (2400mg/day) induction and
maintenance therapy for patients who

5564 (Euros)
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respond. For non-responders, increase dose
to 4800mg/day and if still no response add
oral corticosteroids. If still no response or
relapse, patient receives
immunosuppressants and/or IV steroids and
surgery if medical treatment continues to fail.

Connolly et al.

(2012, Netherlands)
63

Decision
analytic
model

Publically-
funded health
system

lyear

Induction treatment with topical mesalazine
combined with oral mesalazine

2207 (Euros)

Combination therapy is
dominant

Induction treatment with oral mesalazine
monotherapy

2945 (Euros)

Maintenance treatment with once daily
mesalazine

1293 (Euros)

Once daily mesalazine
is dominant

Maintenance treatment with twice daily
mesalazine

1502 (Euros)

Park et al. (2012,
USA) #

Markov
model

Societal

Lifetime

Standard medical therapy: IV
methylprednisolone followed by mesalazine
maintenance treatment for responders; if
response lost during maintenance therapy
switch to azathioprine. For
methylprednisolone non-responders switch
to infliximab induction infusions and
maintenance infusions for responders. For
infliximab non-responders, switch to
tacrolimus. If all medical therapies fail, switch
to colectomy with IPAA.

236370 (USD)

1476783 USD

Early colectomy with IPAA: Subtotal
colectomy and laparoscopic IPAA given after
initial hospitalisation followed by medical
treatment for patients with acute or chronic
pouchitis.

147763 (USD)
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Saini et al. (2012,
USA) &

Markov
cohort
model

Third party
payer

5years

Inflammation-targeted treatment: Patients
receive predictive stool testing every 3
months and those with positive test treated
with 3-month course of 5-ASA

22798 (USD)

Reference

Symptom-targeted treatment: 5-ASA used
for symptomatic disease flares

24378 (USD)

575894 USD

Continuous maintenance treatment: 5-ASA
maintenance therapy for all patients in
remission

25621 (USD)

Dominated

Chaudhary et al.
(2013, Netherlands)
65

Markov
model

Third party
payer

1year

Infliximab induction infusions followed by
infliximab plus azathioprine and oral steroids
for responders. Maintenance treatment
continued with azathioprine and oral steroids
for responders.Non-responders or patients
who lose response switch to surgery.

17062 (Euros)

Reference

IV cyclosporine followed by oral cyclosporine
plus azathioprine and oral steroids for
responders. Maintenance treatment
continued with azathioprine and oral steroids
for responders. Non-responders or patients
who lose response switch to surgery.

14784 (Euros)

24277 Euro

Surgery with no concomitant medication use

13979 (Euros)

14639 Euro

Connolly et al.
(2014, Netherlands)
66

Markov
model

Publically-
funded health
system

32 weeks

Induction therapy with once daily mesalazine

3097 (Euros)

Once daily mesalazine

is dominant

Induction therapy with twice daily mesalazine

3548 (Euros)

Essat et al. (2014,
UK) Takeda
submission &

Markov
model

Publically-
funded health
system

10 years

Whole population (patients who received
anti-TNF inhibitor and those who did not):

Conwentional therapies: Combination of
aminosalicylates, immunomodulators and
corticosteroids

Unknown

33297 GBP
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Surgery: 40% of patients have illeostomy
and 60% hawve subtotal proctocolectomy

Dominated

Vedolizumab: Induction infusions of
vedolizumab followed by maintenance
infusions for responders. For non-responders
switch to surgery. For patients who
discontinue biologic treatment switch to
conventional therapy

Reference

Anti-TNF alpha naive patients:

Conwentional therapies (combination of
aminosalicylates, immunomodulators and
corticosteroids)

Unknown

4862 GBP

Surgery: 40% of patients have illeostomy
and 60% have subtotal proctocolectomy

Dominated

Infliximab: Induction infusions of infliximab
followed by maintenance infusions for
responders. For non-responders switchto
surgery. For patients who discontinue
biologic treatment switch to conventional
therapy

Dominated

Adalimumab: Induction injections of
adalimumab followed by maintenance
injections for responders. For non-
responders switch to surgery. For patients
who discontinue biologic treatment switch to
conventional therapy

66634 GBP

Golimumab: Induction injections of
golimumab followed by maintenance
injections for responders. For non-
responders switch to surgery. For patients
who discontinue biologic treatment switch to
conventional therapy

Dominated
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Vedolizumab: Induction infusions of Reference
vedolizumab followed by maintenance
infusions for responders. For non-responders
switch to surgery. For patients who
discontinue biologic treatment switch to
conventional therapy

Patients who failed TNF-alpha inhibitors:

Conwentional therapies: Combination of Unknown 64999 GBP
aminosalicylates, immunomodulators and
corticosteroids

Surgery: 40% of patients hawve illeostomy Dominated
and 60% have subtotal proctocolectomy
Vedolizumab: Induction infusions of Reference

vedolizumab followed by maintenance
infusions for responders. For non-responders
switch to surgery. For patients who
discontinue biologic treatment switch to
conventional therapy

Archer et al. (2016, | Markov Publically- 10 years Infliximab induction infusions followed by 44382.28 (GBP) 80316 GBP
UK) MSD model funded health maintenance infusions for responders. For
Submission % system non-responders, switch to relapse

management with IV steroids. For patients
who fail IV steroids switch to colectomy.

Golimumab induction injections followed by | 31378.68 (GBP) 27994 GBP
maintenance injections for responders. For
non-responders, switch to relapse
management with IV steroids. For patients
who fail IV steroids switch to colectomy.

Adalimumab induction injections followed by | 32096.50 (GBP) Dominated
maintenance injections for responders. For
non-responders, switch to relapse
management with IV steroids. For patients
who fail IV steroids switch to colectomy.
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Immediate colectomy

15767.78 (GBP)

Reference

Archer et al. (2016,
UK) Abbvie
Submission %

Markov
model

Publically-
funded health

system

10 years

Adalimumab induction and maintenance
injections for patients who respond. For non-
responders, dose escalation to 40mg every
week and switch to conventional therapies if
still no response. For non-responders to
conventional treatments, switch to surgery.

76392 (GBP)

34417 GBP

Conwentional therapies: Anti-inflammatory
drugs orimmunosuppressants). For non-
responders, switch to colectomy

50946 (GBP)

Beilman et al.
(2016, Canada) ®

Markov
model

Publically-
funded health
system

10 years

No adalimumab: Patients receive no
treatment and remain in chronically unwell
state to awid colectomy

97000 (CAD)

59000 CAD

Adalimumab therapy: Adalimumab induction
injections and maintenance injections for
responders. For non-responders, switch to
steroid therapy.

107000 (CAD)

Stawowczyk et al.
(2016, Poland) ™

Markov
model

Societal

Lifetime

Public payer perspective: Golimumab and
standard care combination induction
treatment followed by maintenance treatment
for responders. For non-responders, switch
to standard care alone and colectomy if
failure persists. Maintenance treatment with
golimumab restricted to 1 year.

93321 (PLN)

391252 PLN

Public payer perspective: Standard care
alone induction and maintenance treatment
regardless of response. If disease remains
active, switch to colectomy.

45502 (PLN)

Societal perspective: Golimumab and
standard care combination induction
treatment followed by maintenance treatment
for responders. For non-responders, switch
to standard care alone and colectomy if

302848 (PLN)

374377 PLN
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failure persists. Maintenance treatment with
golimumab restricted to 1 year.

Societal perspective: Standard care alone
induction and maintenance treatment
regardless of response. If disease remains
active, switch to colectomy.

257092 (PLN)

Stawowczyk et al.
(2016, Poland) ™

Markov
model

Societal

Lifetime

Public payer perspective: Adalimumab and
standard care combination induction
treatment followed by maintenance treatment
for responders. For non-responders, switch
to standard care alone and colectomy if
failure persists. Maintenance treatment with
golimumab restricted to 1 year.

20598 (Euros)

76120 Euros

Public payer perspective: Standard care
alone induction and maintenance treatment
regardless of response. If disease remains
active, switch to colectomy.

9950 (Euros)

Societal perspective: Adalimumab and
standard care combination induction
treatment followed by maintenance treatment
for responders. For non-responders, switch
to standard care alone and colectomy if
failure persists. Maintenance treatment with
golimumab restricted to 1 year.

93765 (Euros)

71457 Euros

Societal perspective: Standard care alone
induction and maintenance treatment
regardless of response. If disease remains
active, switch to colectomy.

83770 (Euros)

Stawowczyk et al.
(2016, Poland) 2

Markov
model

Societal

Lifetime

Infliximab and standard care combination:
Infliximab plus standard care induction
infusions followed by maintenance therapy
for responders. For non-responders, switch
to adalimumab inductioninjections and

99522 (PLN)

402420 PLN
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maintenance injections for responders. For
non-responders to adalimumab, switch to
conventional therapy alone or colectomy.

Standard care alone: Standard care
induction and maintenance treatment. If
disease remains active, switch to colectomy.

29642 (PLN)

Tappenden et al.
(2016, UK) ™

Markov
model

Publically-
funded health
system

Lifetime

Patients in whom surgery is an option:

Colectomy

56268 (GBP)

Reference

Adalimumab induction injections followed by
maintenance injections for responders. For
non-responders, switch to conventional
therapy.

91222 (GBP)

Dominated

Infliximab induction infusions followed by
maintenance infusions for responders. For
non-responders, switch to conventional
therapy.

96595 (GBP)

Dominated

Golimumab induction injections followed by
maintenance injections for responders. For
non-responders, switch to conventional
therapy.

90087 (GBP)

Dominated

Conwventional treatment for induction and
maintenance phases (includes 5-asas,
azathioprine, 6-mercaptopurine,
prednisolone)

73620 (GBP)

Dominated

Patients in whom surgery is not an option:

Adalimumab induction injections followed by
maintenance injections for responders. For
non-responders, switch to conventional
therapy.

91222 (GBP)

50728 GBP

Infliximab induction infusions followed by
maintenance infusions for responders. For

96595 (GBP)

Extendedly dominated
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non-responders, switch to conventional
therapy.

Golimumab induction injections followed by | 90087 (GBP) Extendedly dominated
maintenance injections for responders. For
non-responders, switch to conventional
therapy.
Conwentional treatment for induction and 73620 (GBP) Reference
maintenance phases (includes 5-asas,
azathioprine, 6-mercaptopurine,
prednisolone)
Yokomizo et al. Decision Third party lyear Infliximab 5mg/kg induction and maintenance | Unknown 99171 USD per MH
(2016, USA) * analytic payer infusions achieved
model
Infliximab 10mg/kg induction and 123653 USD per MH
maintenance infusions achieved
Adalimumab induction and maintenance 316378 USD per MH
injections achieved
Vedolizumab induction and maintenance 301969 USD per MH
infusions achieved
Wilson et al. (2017, | Markov Publically Lifetime Vedolizumab induction infusions followed by | 199431.15 GBP Reference
UK) model funded health maintenance infusions for responders. For
system non-responders, patients who lose response,
or patients who discontinue due to adverse
events, switch to conventional therapy. If no
response to conventional therapy, switch to
another combination of conventional
therapies or surgery.
Infliximab induction infusions followed by 206065.90 GBP Dominated

maintenance infusions for responders. For
non-responders, patients who lose response,
or patients who discontinue due to adverse
events, switch to conventional therapy. If no
response to conventional therapy, switch to
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another combination of conventional
therapies or surgery.

Adalimumab induction infusions followed by | 194764.73 GBP 22775 GBP
maintenance infusions for responders. For
non-responders, patients who lose response,
or patients who discontinue due to adverse
events, switch to conventional therapy. If no
response to conventional therapy, switch to
another combination of conventional
therapies or surgery.

Golimumab induction infusions followed by 200018.31 GBP Dominated
maintenance infusions for responders. For
non-responders, patients who lose response,
or patients who discontinue due to adverse
events, switch to conventional therapy. If no
response to conventional therapy, switch to
another combination of conventional
therapies or surgery.

"Conwentional therapy/standard of care defined as drug treatment with aminosalicylates, methotrexate, corticosteroids, azathioprine, metronidazole or surgery;
standard dosing approved by FDA and EMA applies unless otherwise specified.
8Unless otherwise stated, the ICER reports the cost per QALY gained
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Risk of bias assessments

Table A4 Risk of bias assessment for studies on Crohn's Disease using Drummond et al. (1996) and Phillips et al. (2004) checklists

(9T102) "I 10 UeQgD[E

(9T02) BlEY

(GT02) "le1e w3

(£T02) "[e 12 O1leS

(€TOZ) "Te 1@ MayoIey

(2102) "2 18 Buey

(2102) "1e 10 Allayoqg

(2T0Z) e 1@ @snoyoe|g

(2T02) "I 18 UeUYSLIYRYIURUY)

(TTO2) "1e 10 @z101Q

(1T02) "[e 18 UBUYSLIYeyIURUY

(0T0Z) "I 10 leysyeg

(6002) e 18 NA

(6002) "Te 1@ snyo1

(6002) "I 190 18bpog

(8002) "Ie 10 Aespui

(L002) "1e 10 ue|dey

(9002) ‘le191S8ld

(7002) ‘e 12 10H-uoSSer

[opow [eulBuo : (€002) ‘fe 10 31e|d

[apouw
Buisiimsiy s1ainjoeinueN) (€002) e 18 3.

L

aAnoe s, Jainoeinuel (£002) e 18 3.

(2002) Ireysren

(T002) "[e 18 neuss.y

Y

Y

(£66T) 1ofe.]

Y

N

CRIVICECIC) |

Drummond et al.
(1996) checklist

Study design

The research question

is stated.

The economic

importance of the

research question is

stated.

The viewpoint(s) of the
analysis are clearly
stated and justified.

1

2

3
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The rationale for
choosing alternative
programmes or
interventions
compared is stated.

The alternatives being
compared are clearly
described.

The form of economic
evaluation used is
stated.

The choice of form of
economic evaluation is
justified in relation to
the questions
addressed.

Data collection

The source(s) of
effectiveness
estimates used are
stated.

Details of the design
and results of
effectiveness study are
given (if based on a
single study).

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

10

Details of the methods
of synthesis or meta-
analysis of estimates
are given (if based on
a synthesis ofa
number of
effectiveness studies).

NA

NA

NA

NA
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11

The primary outcome
measure(s) for the
economic evaluation
are clearly stated.

12

Methods to value
benefits are stated.

13

Details of the subjects
from whom valuations
were obtained were
given.

14

Productivity changes (if
included) are reported
separately.

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

15

The relevance of
productivity changes to
the study questionis
discussed.

16

Quantities of resource
use are reported
separately from their
unit costs.

17

Methods for the
estimation of quantities
and unit costs are
described.

18

Currency and price
data are recorded.

19

Details of currency of
price adjustments for
inflation or currency

conwversion are given.

NA

20

Details of any model
used are given.
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21

The choice of model
used and the key
parameters on which it
is based are justified.

Analysis and
interpretation of results

22

Time horizon of costs
and bengefits is stated.

23

The discount rate(s) is
stated.

NA

24

The choice of discount
rate(s) is justified.

25

An explanation is given
if costs and benefits
are not discounted.

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

26

Details of statistical
tests and confidence
intervals are given for
stochastic data.

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

27

The approach to
sensitivity analysis is
given.

28

The choice of variables
for sensitivity analysis
is justified.

29

The ranges over which
the variables are
varied are justified.

30

Relevant alternatives
are compared.

31

Incremental analysis is
reported.
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32

Major outcomes are
presented in a
disaggregated as well
as aggregated form.

33

The answer to the
study question is
given.

34

Conclusions follow
from the data reported.

NA

NA

35

Conclusions are
accompanied by the
appropriate caveats.

NA

NA

Phillips et al. (2004)
Checklist

Statement of decision
problem/objective

Is there a clear
statement of the
decision problem?

Is the objective of the
evaluation and model
specified and
consistent with the
stated decision
problem?

Is the primary decision-
maker specified?

Statement of
scope/perspective

Is the perspective of
the model stated
clearly?
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Are the model inputs
consistent with the
stated perspective?

NA

Has the scope of the
model been stated and
justified?

Are the outcomes of
the model consistent
with the perspective,
scope and overall
objective of the model?

NA

Rationale for structure

Is the structure of the
model consistent with
a coherent theory of
the health condition
under evaluation?

Are the sources of data
used to develop the
structure of the model
specified?

10

Are the causal

relationships described
by the model structure
justified appropriately?

NA

Structural assumptions

11

Are the structural
assumptions
transparent and
justified?

12

Are the structural
assumptions
reasonable given the

NA

NA
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owerall objective,
perspective and scope
of the model?

Strategies/comparators

13

Is there a clear
definition of the options
under evaluation?

14

Hawe all feasible and
practical options been
evaluated?

15

Is there justification for
the exclusion of
feasible options?

NA

NA

NA

NA

NA

Model type

16

Is the chosen model
type appropriate given
the decision problem
and specified causal
relationships within the
model?

Not
clear

Time horizon

17

Is the time horizon of
the model sufficient to
reflect all important
differences between
options?

18

Are the time horizon of
the model, the duration
of treatment and the
duration of treatment
effect described and
justified?
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Disease
states/pathways

19

Do the disease states
(state transition model)
or the pathways
(decision tree model)
reflect the underlying
biological process of
the disease in question
and the impact of
interventions?

Cycle length

20

Is the cycle length
defined and justified in
terms of the natural

history of disease?

NA

NA

NA

Data identification

21

Are the data
identification methods
transparent and
appropriate given the
objectives of the
model?

22

Where choices have
been made between
data sources, are
these justified
appropriately?

NA

NA

Y |Y
N |Y
Y |N
N | NA
Y |Y

NA

23

Has particular attention
been paid to identifying
data for the important
parameters in the
model?
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24

Has the quality of the
data been assessed
appropriately?

25

Where expert opinion
has been used, are the
methods described
and justified?

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Data modelling

26

Is the data modelling
methodology based on
justifiable statistical
and epidemiological
techniques?

Baseline data

27

Is the choice of
baseline data
described and
justified?

28

Are transition
probabilities calculated
appropriately?

29

Has a half-cycle
correction been
applied to both cost
and outcome? If not,
has this omission been
justified?

Treatment effects

30

If relative treatment
effects have been
derived from trial data,
have they been
synthesised using

NA

NA

NA
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appropriate
techniques?

31

Have the methods and
assumptions used to
extrapolate shortterm
results to final
outcomes been
documented and
justified?

NA

NA

NA

32

Hawe alternative
assumptions been
explored through
sensitivity analysis?

33

Hawve assumptions
regarding the
continuing effect of
treatment once
treatment is complete
been documented and
justified? Have
alternative
assumptions been
explored through
sensitivity analysis?

Costs

34

Are the costs
incorporated into the
model justified?

35

Has the source for all
costs been described?

36

Hawve discount rates
been described and

NA
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justified given the
target decision-maker?

Quality of life weights
(utilities)

37

Are the utilities
incorporated into the
model appropriate?

NA

38

Is the source for the
utility weights
referenced?

NA

39

Are the methods of
derivation for the utility
weights justified?

NA

Data incorporation

40

Hawe all data
incorporated into the
model been described
and referenced in
sufficient detail?

41

Has the use of
mutually inconsistent
data been justified (i.e.
are assumptions and
choices appropriate)?

42

Is the process of data
incorporation
transparent?

NA

43

If data have been
incorporated as
distributions, has the
choice of distribution
for each parameter

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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been described and
justified?

44

If data have been
incorporated as
distributions, is it clear
that second order
uncertainty is
reflected?

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Assessment of
uncertainty

45

Hawve the four principal
types of uncertainty
been addressed?

46

If not, has the omission
of particular forms of
uncertainty been
justified?

NA

Methodological

a7

Have methodological
uncertainties been
addressed by running
alternative versions of
the model with different
methodological
assumptions?

NA

Structural

48

Is there evidence that
structural uncertainties
have been

addressed via
sensitivity analysis?

NA

Heterogeneity
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49

Has heterogeneity
been dealt with by
running the model
separately for different
subgroups?

Parameter

50

Are the methods of
assessment of
parameter uncertainty
appropriate?

NA

NA

51

If data are incorporated
as point estimates, are
the ranges used for
sensitivity analysis
stated clearly and
justified?

NA

NA

Internal consistency

52

Is there evidence that
the mathematical logic
of the model has

been tested thoroughly
before use?

External consistency

53

Are any
counterintuitive results
from the model
explained and
justified?

NA

NA

NA[Y

NA

NA

NA

NA

NA

54

If the model has been
calibrated against
independent data,
have

any differences been

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA [ NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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explained and
justified?

55

Hawe the results of the
model been compared
with those of

previous models and
any differences in
results explained?
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Table A5 Risk of bias assessment for studies on Ulcerative Colitisusing Drummond et al. (1996) and Phillips et al. (2004) checklists

(LT02) "I 1@ uos|iM

(9702) "re 19 uspuadde|

(9T0Z) "Te 18 0ZIWOXOA
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Y
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Y

Y
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Drummond et al. (1996)

checklist

Study design

The research question is

stated.

The economic importance

of the research question is

stated.

The viewpoint(s) of the

analysis are clearly stated

and justified.

alternative programmes or
interventions compared is

The rationale for choosing
stated.

The alternatives being
compared are clearly

described.

1

2

3

4

5
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The form of economic
evaluation used is stated.

The choice of form of
economic evaluation is
justified in relation to the
guestions addressed.

Data collection

The source(s) of
effectiveness estimates
used are stated.

Details of the design and
results of effectiveness
study are given (if based on
a single study).

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

10

Details of the methods of
synthesis or meta-analysis
of estimates are given (if
based on a synthesis of a
number of effectiveness
studies).

NA

NA

NA

NA

NA

NA

NA

NA

11

The primary outcome
measure(s) for the
economic evaluation are
clearly stated.

12

Methods to value benefits
are stated.

13

Details of the subjects from
whom valuations were
obtained were given.

14

Productivity changes (if
included) are reported
separately.

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

15

The relevance of
productivity changes to the
study question is
discussed.
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16

Quantities of resource use
are reported separately
from their unit costs.

17

Methods for the estimation
of quantities and unit costs
are described.

18

Currency and price data
are recorded.

19

Details of currency of price
adjustments for inflation or
currency conversion are
given.

20

Details of any model used
are given.

21

The choice of model used
and the key parameters on
whichitis based are
justified.

Analysis and interpretation
of results

22

Time horizon of costs and
benefits is stated.

23

The discount rate(s) is
stated.

24

The choice of discount
rate(s) is justified.

25

An explanation is given if
costs and benefits are not
discounted.

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA[ NA| NA| N [NA

NA

26

Details of statistical tests
and confidence intervals
are given for stochastic
data.

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA [ NA | NA| NA [ NA

NA

27

The approach to sensitivity
analysis is given.

28

The choice of variables for
sensitivity analysis is
justified.
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29

The ranges over which the
variables are varied are
justified.

30

Relevant alternatives are
compared.

31

Incremental analysis is
reported.

32

Major outcomes are
presentedin a
disaggregated as well as
aggregated form.

33

The answer to the study
guestion is given.

34

Conclusions follow from the
data reported.

NA

NA

NA

35

Conclusions are
accompanied by the
appropriate caveats.

NA

NA

NA

Phillips et al. (2004)
Checklist

Statement of decision
problem/objective

Is there a clear statement
of the decision problem?

Is the objective of the
evaluation and model
specified and consistent
with the stated decision
problem?

Is the primary decision-
maker specified?

Statement of
scope/perspective

Is the perspective of the
model stated clearly?

Are the model inputs
consistent with the stated
perspective?
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Has the scope of the model
been stated and justified?

Are the outcomes of the
model consistent with the
perspective, scope and
owerall objective of the
model?

Rationale for structure

Is the structure of the
model consistent with a
coherent theory of the
health condition under
evaluation?

Are the sources of data
used to dewvelop the
structure of the model
specified?

10

Are the causal relationships
described by the model
structure justified
appropriately?

NA

Structural assumptions

11

Are the structural
assumptions transparent
and justified?

12

Are the structural
assumptions reasonable
given the owerall objective,
perspective and scope of
the model?

NA

NA

NA

NA

Strategies/comparators

13

Is there a clear definition of
the options under
evaluation?

14

Hawe all feasible and
practical options been
evaluated?
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15

Is there justification for the
exclusion of feasible
options?

NA

NA

NA

NA

NA

NA

NA

NA

Model type

16

Is the chosen model type
appropriate given the
decision problem and
specified causal
relationships within the
model?

Time horizon

17

Is the time horizon of the
model sufficient to reflect
all important differences
between options?

18

Are the time horizon of the
model, the duration of
treatment and the duration
of treatment effect
described and justified?

Disease
states/pathways

19

Do the disease states
(state transition model) or
the pathways

(decision tree model)
reflect the underlying
biological process of

the disease in question and
the impact of interventions?

Cycle length

20

Is the cycle length defined
and justified in terms of the
natural

history of disease?

NA

NA

NA

Data identification
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21

Are the data identification
methods transparent and
appropriate given the
objectives of the model?

22

Where choices have been
made between data
sources, are these justified
appropriately?

NA

NA

NA

NA

NA

NA

NA

NA[NA| NA| N [ NA|NA

NA

23

Has particular attention
been paid to identifying
data for the important
parameters in the model?

NA

NA

NA

24

Has the quality of the data
been assessed
appropriately?

25

Where expert opinion has
been used, are the
methods described and
justified?

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Data modelling

26

Is the data modelling
methodology based on
justifiable statistical
and epidemiological
technigues?

Baseline data

27

Is the choice of baseline
data described and
justified?

28

Are transition probabilities
calculated appropriately?

29

Has a half-cycle correction
been applied to both cost
and outcome? If not, has
this omission been
justified?

Treatment effects
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30

If relative treatment effects
have been derived from
trial data, have they been
synthesised using
appropriate techniques?

NA

31

Hawve the methods and
assumptions used to
extrapolate shortterm
results to final outcomes
been documented and
justified?

NA

NA

NA

NA

NA

NA

32

Hawe alternative
assumptions been explored
through sensitivity
analysis?

33

Have assumptions
regarding the continuing
effect of treatment once
treatment is complete been
documented and justified?
Hawe alternative
assumptions been explored
through sensitivity
analysis?

NA

Costs

34

Are the costs incorporated
into the model justified?

35

Has the source for all costs
been described?

36

Have discount rates been
described and justified
given the target decision-
maker?

Quality of life weights
(utilities)

37

Are the utilities
incorporated into the model
appropriate?

NA
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38

Is the source for the utility
weights referenced?

NA

NA

39

Are the methods of
derivation for the utility
weights justified?

NA

NA

Data incorporation

40

Hawve all data incorporated
into the model been
described and referenced
in sufficient detail?

41

Has the use of mutually
inconsistent data been
justified (i.e. are
assumptions and choices
appropriate)?

42

Is the process of data
incorporation transparent?

NA

43

If data have been
incorporated as
distributions, has the
choice of distribution for
each parameter been
described and justified?

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

44

If data have been
incorporated as
distributions, is it clear that
second order uncertainty is
reflected?

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Assessment of uncertainty

45

Have the four principal
types of uncertainty been
addressed?

46

If not, has the omission of
particular forms of
uncertainty been justified?

Methodological
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47

Have methodological
uncertainties been
addressed by running
alternative versions of the
model with different
methodological
assumptions?

Structural

48

Is there evidence that
structural uncertainties
have been

addressed via sensitivity
analysis?

Heterogeneity

49

Has heterogeneity been
dealt with by running the
model

separately for different
subgroups?

Parameter

50

Are the methods of
assessment of parameter
uncertainty

appropriate?

51

If data are incorporated as
point estimates, are the
ranges used for
sensitivity analysis stated
clearly and justified?

NA

Internal consistency

52

Is there evidence that the
mathematical logic of the
model has

been tested thoroughly
before use?

External consistency
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53

Are any counterintuitive
results from the model
explained and
justified?

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

54

If the model has been
calibrated against
independent data, have
any differences been
explained and justified?

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

55

Hawe the results of the
model been compared with
those of

previous models and any
differences in results
explained?

NA

NA

NA
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Table A6 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

checklist

Section/topic # | Checklistitem Reported

on page

Title

Title 1 | Identify the report as a systematic review, meta-analysis, | 1
or both.

Abstract

Structured summary 2 | Provide a structured summary including, as applicable: | 2
background; objectives; data sources; study eligibility
criteria, participants, and interventions; study appraisal
and synthesis methods; results; limitations; conclusions
and implications of key findings; systematic review
registration number.

Introduction

Rationale 3 | Describe the rationale for the review in the context of 4
what is already known.

Objectives 4 | Provide an explicit statement of questions being 5
addressed with reference to participants, interventions,
comparisons, outcomes, and study design (PICOS).

Methods

Protocol and 5 | Indicate if a review protocol exists, if and where it can be | N/A

registration accessed (e.g., Web address), and, if available, provide
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of 6
follow-up) and report characteristics (e.g., years
considered, language, publication status) used as
criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with 6
dates of coverage, contact with study authors to identify
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one S1
database, including any limits used, such that it could be
repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, 6
eligibility, included in systematic review, and, if
applicable, included in the meta-analysis).

Data collection 10 | Describe method of data extraction from reports (e.g., 6

process piloted forms, independently, in duplicate) and any
processes for obtaining and confirming data from
investigators.

Data items 11 | List and define all variables for which data were sought | 6
(e.g., PICOS, funding sources) and any assumptions
and simplifications made.

Risk of bias in 12 | Describe methods used for assessing risk of bias of 7

individual studies individual studies (including specification of whether this
was done at the study or outcome level), and how this
information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, 7

difference in means).
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Synthesis of results 14 | Describe the methods of handling data and combining N/A
results of studies, if done, including measures of
consistency (e.g., I?) for each meta-analysis.

Risk of bias across 15 | Specify any assessment of risk of bias that may affect 29

studies the cumulative evidence (e.qg., publication bias, selective
reporting within studies).

Additional analyses 16 | Describe methods of additional analyses (e.qg., sensitiity | N/A
or subgroup analyses, meta-regression), if done,
indicating which were pre-specified.

Results

Study selection 17 | Give numbers of studies screened, assessed for 8
eligibility, and included in the review, with reasons for
exclusions at each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data 9
were extracted (e.g., study size, PICOS, follow-up
period) and provide the citations.

Risk of bias within 19 | Present data on risk of bias of each study and, if S3

studies available, any outcome level assessment (see item 12).

Results of individual 20 | For all outcomes considered (benefits or harms), 10-16

studies present, for each study: (a) simple summary data for (CD); 20-
each intervention group (b) effect estimates and 27 (UC)
confidence internvals, ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including N/A
confidence intervals and measures of consistency.

Risk of bias across 22 | Present results of any assessment of risk of bias across | S3

studies studies (see Item 15).

Additional analysis 23 | Giwe results of additional analyses, if done (e.g., N/A
sensitivity or subgroup analyses, meta-regression [see
ltem 16]).

Discussion

Summary of evidence | 24 | Summarize the main findings including the strength of 30
evidence for each main outcome; consider their
relevance to key groups (e.g., healthcare providers,
users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome lewel (e.g., risk | 33
of bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the 31
context of other evidence, and implications for future
research.

Funding

Funding 27 | Describe sources of funding for the systematic review N/A

and other support (e.g., supply of data); role of funders
for the systematic review.

Source: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses: The PRISMA Statement. Plos Med 6(7):
€1000097. Doi:10.1371/journal.pmed1000097
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Unit cost estimates
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Table Bl Inpatient stays, surgical procedures and outpatient imaging scans and consultations
considered in the cost analysis with mean (min-max) unit costs (euros) derived from

reimbursement claims data and inflated to 2017 prices

Mean (Min, Max) cost per procedure
(euros)

Inpatient procedures

Adhesiolysis

18,483 (10,971, 29,285)

Appendectomy

13,074 (7386, 21,210)

Cholecystecomy

22,466 (6916, 33,921)

Colostomy

20,688 (12,565, 29,521)

Fistulectomy, fistula plug

11,667 (7227, 19,806)

General hospitalisation (per day)

1375 (337, 3491)

Hemicolectomy

19,911 (15,004, 35,245)

lleal resection

18,128 (4904, 33,705)

lleo-cecal resection

24,000 (6394, 50,461)

lleostomy

21,197 (14,582, 26,963)

Proctectomy

24,102 (19,261, 35,329)

Seton placement, abscess drainage

10,197 (5787, 17,185)

Sigmoid resection

18,537 (11,592, 30,402)

Subtotal colectomy

22,542 (5908, 34,009)

Total proctocolectomy

20,178 (13,294, 31,857)

Outpatient procedures

CT scan

404 (311, 488)

Colonoscopy

437 (219, 548)

MRl scan 531 (388, 668)
Ultrasonography 84 (65, 109)
Sigmoidoscopy 181 (143, 224)
Endoscopy 307 (226, 398)
GP consultation 50 (41, 71)
Gastroenterologist consultation 66 (49, 93)
Ambulatory outpatient visit 89 (71, 129)
Biologic agent infusion 86 (61, 113)
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Table B2 All pharmaceuticals considered in the cost analysis with mean unit costs (euros) per
dose obtained from 2017 public price lists in Switzerland and dose recommendations based

on Swiss clinical guidelines

Drug name

Mean cost per dose (euros)*

Recommended dose$

Sulfasalazine 3.00 6g/day
Oral 5-ASA 6.00 4g/day
Topical 5-ASA 3.00 lg/day
6-Mercaptopurine 7.00 1-1.5mg/kg/day
Azathioprine 2.00 2-2.5mg/kg/day
Cyclosporine 28.00 4-8 mg/kg/day
25mg per week (induction dose);
Methotrexate 53.00 15mg per week (maintenance
dose)
Tacrolimus 42.00 0.025mg/kg 2x per day
Metronidazole 3.00 750-1500mg/day
Ciprofloxacin 5.00 1000mg/day
Clarithromycin 4.00 500mg/day
Prednisolone 2.00 0.5-0.75 mg/kg/day
Methylprednisone 8.00 1mg/kg/day
Deflazacort 2.00 1mg/kg/day for up to 2 months
Budesonide 6.00 9mg/day
Certolizumab pegol 1208.00 jggmg :gv;erjvgéssand 4
Infliximab 2191.00 Smg/kg at weeks 0, 2 and 6;

5mg/kg every 8 weeks

Ustekinumab

34,586.00 (520mg)
5986.00 (90mg)

520mg at week 0; then 90mg at
week 8; then 90mg every 8 weeks

300mg at weeks 0, 2 and 6;

Vedolizumab 2627.00 300mg every 8 weeks
2632.00 (160mg) 160 mg at week 0; 80mg at week
Adalimumab 1316.00 (80mg) 2; then 40mg at week 4; continue
658.00 (40mg) 40mg every 2 weeks
4792.00(200mg) ;0281 Sngtev\\ﬁri/kf ,vvzteoecl)(r:?oarutrvlvoeseek
Golimumab 2396.00 (100mg) j

1198.00 (50mg)

<80kg and 100mg for those
>80kg

1350mg (based on data from

Ursodeoxycholic acid 7.00 SIBDCS) per day

. 3 mg (based on data from
Bisphosphonates 1.00 SIBDCS) per day
Mutaflor 2.00 2 tablets per day
Cholestyramine 3.00 3g per day

Source: *Bundesamt fiir Gesundheit. Spezialitatenliste (SL) [Available from: http:/Avww.xn--
spezialittenliste-ygb.ch/; accessed 12 June 2018]. SCompendium.ch. [Available from:
http://compendium.ch/home/de; accessed 15 June 2018]
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Resource utilisation

A Crohn's disease

0.14
0.12
0.10
0.08

0.06 \

0.04

Crude mean number of events

0.02

0.00
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

—Surgical procedures General hospitalisation

Ulcerative colitis

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

o
o
N

Crude mean number of events

o
o
=

—Surgical procedures General hospitalisation

Figure B1 Crude mean number of surgical procedures and hospitalisations for Crohn’s
disease (A) and ulcerative colitis (B)

The predicted adjusted probability of surgical procedures and general hospitalisations over time for
Crohn’s disease and ulcerative colitis were estimated using logit random effects regression model
adjusting for patient and clinical characteristics (Figure B2). Covariates included visit year, cohort wave,
age (in groups of 10), gender, canton, smoking status, education attainment, employment status,
disease activity (remission, mild, moderate, severe), disease location, disease behaviour, disease
duration and the presence of disease complications (fistula, abscess, fissure, complications, EIM, and

stenosis).
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Crohn's disease Ulcerative colitis

Probability of event

—@&—— Surgical procedures —=®—— Hospitalisations

Crohn's disease Ulcerative colitis

0

Probability of event
2 4 6

—=e— Outpatient consultations —=e— Biologic agent use

Figure B2 Adjusted predicted probability of surgical procedure, general hospitalisations,
outpatient consultations and biologic agent use over time with 95% CI for Crohn’s disease and
ulcerative colitis
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Table B3 Results (coefficients and 95% CI) of the two-part model by sector for Crohn’s disease
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Total direct costs Inpatient costs Drug costs Outpatient costs Indirect costs
[b, 95% CI] [b, 95% CI] [b, 95% CI] [b, 95% ClI] [b, 95% CI]
Logit | GLM Logit | GLM logt | GLM logt | GLM Logit | GLM
Visit year
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2006 [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
2007 1.345 -0.103 -0.441 -0.421 -1.353 0.467 1.355° 0.843" 0.000 0.000
[0.13,2.56] [-0.79,0.59] | [-2.36,1.48] [-1.33,0.48] | [-3.49,0.78] [-0.22,1.16] | [0.15,2.56]  [0.32,1.36] | [0.00,0.00] [0.00,0.00]
2008 0.626 0.282 -0.238 -0.182 -0.482 0.599 0.675 1.227™ 0.385 1.163°
[-0.21,1.46] [-0.38,0.94] | [-2.16,1.68] [-1.08,0.72] | [-2.60,1.63] [-0.03,1.23] | [-0.16,1.51] [0.73,1.73] | [-0.34,1.11] [0.14,2.18]
2009 0.771 0.331 -0.102 -0.073 -0.126 0.754" 0.823" 1.211™ 0.628 0.125
[-0.01,1.55] [-0.33,0.99] | [-2.02,1.82] [-0.98,0.83] | [-2.25,1.99] [0.14,1.37] | [0.04,1.60]  [0.71,1.71] | [-0.11,1.37] [-0.79,1.04]
1.239" 0.264 0.030 -0.025 -0.604 0.533 1.237" 1.231™ 0.810 1.046"
2010 (0.47,2.01] [-0.40,0.93] | [-1.91,1.97] [0.93,0.88] | [-2.70,1.50] [-0.08,1.15] | [0.46,2.01] [0.73,1.73] | [0.09,1.53] [0.17,1.93]
2011 0.730° 0.364 -0.271 0.091 -0.534 0.696 0.721 1.098™ 0.419 0.338
[0.08,1.38] [-0.30,1.03] | [-2.20,1.65] [-0.82,1.00] | [-2.66,1.59] [0.06,1.33] | [0.07,1.37] [0.59,1.60] | [-0.36,1.20] [-0.61,1.28]
2012 0.633" 0.532 -0.251 0.226 0.021 0.632" 0.597 1.157" -0.097 0.872
[0.05,1.21] [-0.13,1.20] | [-2.18,1.67] [-0.68,1.13] | [-2.09,2.13] [0.02,1.25] | [0.02,1.17]  [0.66,1.66] | [-0.86,0.66] [-0.11,1.85]
0.376 0.573 -0.573 0.339 -0.074 0.369 0.292 1.347™ 0.556 0.893
2013 [-0.15,0.90] [-0.09,1.24] | [-2.49,1.35] [-0.57,1.25] | [-2.19,2.04] [-0.26,1.00] | [-0.22,0.81]  [0.84,1.85] | [-0.22,1.34] [-0.03,1.82]
2014 0.292 0.739 -0.454 0.462 -0.181 0.694 0.274 1.300™ 0.943 1.213"
[-0.14,0.73] [0.07,1.41] |[-2.39,1.48] [-0.45,1.38] | [-2.29,1.93] [0.04,1.35] | [-0.16,0.71]  [0.79,1.81] | [0.16,1.72] [0.29,2.13]
2015 0.268 0.833° -0.660 0.512 0.106 0.896" 0.264 1.210™ 0.690 1.171°
[-0.20,0.74] [0.16,1.51] | [-2.58,1.27] [-0.40,1.43] | [-2.00,2.21] [0.25,1.54] | [-0.20,0.73] [0.70,1.72] | [-0.13,1.51] [0.07,2.28]
0.000 0.850" -0.770 0.615 -0.158 0.568 0.000 1.382™ 0.333 1.416
2016 [0.00,0.00] [0.17,1.53] |[-2.72,1.18] [-0.30,1.53] | [-2.29,1.97] [-0.11,1.24] | [0.00,0.00]  [0.87,1.89] | [-0.55,1.22] [-0.03,2.87]
Cohort wave
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
2 0.451 -0.152 1.132™ 0.525™ -1.186™ -0.358" 0.441 -0.282" -1.518™ -1.087"
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[0.47,1.38] [-0.41,0.11] | [0.68,1.58] [0.34,0.71] | [1.69,-0.69] [-0.68,-0.04] | [-0.49,1.37] [-0.48,-0.08] | [-2.07,-0.96] [-1.74,-0.44]
0.938 0.0% 1433" 0561 0875 037% 0.865 0572 | 185" 0.867
3 [0.03,1.84] [-0.34,0.15] | [0.92,1.94] [0.36,0.76] | [1.36.-0.39] [-0.69,-0.06] | [0.04,1.77] [-0.76,-0.39] | [-2.47,-1.30] [-1.54,-0.19]
. 0.790 20.048 1598" 0593 20.965" 0325 0.742 0532 | L7 20,405
[0.08,1.66] [-0.29,0.20] | [1.04,2.15] [0.39,0.80] | [-1.47,-0.46] [-0.63,-0.02] | [-0.13,1.61] [-0.74,-0.33] | [2.34.-1.14] [-1.08,0.27]
0.193 10.054 1201 0.551" 0.874" 10.168 0.209 0656" | -2.026" 1.398"
5 [0.69,1.07] [-0.30,0.19] | [0.65,1.75] [0.34,0.76] | [-1.42,-0.33] [-0.50,0.16] | [-0.68,1.10] [-0.86,-0.46] | [-2.68,-1.37] [-2.29,-0.51]
0548 0.130 1.496™ 0503 1.053" 0334 0.559 0617 | 2097 0.843
6 [0.37.1.47] [-0.39,0.13] | [0.91,2.08] [0.28,0.72] | [-1.61,-0.50] [-0.67,0.00] | [-0.37,1.49] [-0.83,-0.41] | [-2.78,-1.41] [-1.68,-0.00]
; 0.813 0176 1.488" 0.430" ERT 20.033 0.806 0718 | 2.462" 10,696
[0.11,1.73] [-0.45,0.09] | [0.88,2.09] [0.21,0.66] | [-1.67,-0.56] [-0.41,0.34] | [-0.12,1.73] [-0.92,-0.51] | [-3.27,-1.66] [1.72,0.33]
- 0.471 0.179 17084~ 0.409" 1.092" 20.088 0.495 0721 | 2532 1.296
[0.44,1.38] [-0.46,0.10] | [1.07,2.34] [0.17,0.65] |[-1.66,-0.52] [-0.52,0.34] | [0.43,1.42] [-0.94,-0.50] | [-3.32,-1.75] [-2.52,-0.07]
0538 0.264 1549™ 0.346" 1.068" 0275 0.517 0785 | 2754 1123
9 [0.39,1.47] [-0.55,0.02] | [0.87,2.23] [0.09,0.60] |[-1.67,-0.47] [-0.73,0.18] | [-0.42,1.46] [-1.02,-0.55] | [-3.65,-1.86] [-2.56,0.32]
0.661 0322 1926~ 0.383" 1.454" 20.660" 0.674 080" | 2945 2.300
10 [-0.35,1.67] ['8_'532]" [1.15,2.70]  [0.12,0.65] |[-2.18.-0.73] [1.08.-0.24] | [-0.34,1.69] [-1.06,-0.56] | [-4.15,-1.74] [-4.10,-0.50]
o 0.901 0.132 3051 0.435" 1486~ 0.535 0.928 0764~ 14167 2033
[0.22,2.03] [-0.46,0.19] | [1.35,3.16] [0.14,0.73] | [2.31,-0.66] [-0.20,1.27] | [-0.20,2.06] [-1.03,-0.50] | [-2.48,-0.35] [-3.79,-0.68]
Age (years)
101 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
029 0.438 0.210 1.078 0.132 1179 0.680 0.363 0.239 0.312 0.666
[0.60,1.48] [-0.27,0.69] | [0.05,2.11] [-0.63,0.36] | [0.27,2.63] [0.01,1.35] | [-0.69,1.42] [-0.24,0.72] | [-1.63,1.01] [-0.65,1.99]
o3 1648 0012 1873" 0.085 0.971 0.279 1593 0.259 0.724 1.198
] [0.55.2.74] [-0.27,0.70] | [0.94,2.80] [-0.61,0.44] | [0.54.2.49] [-0.34,0.90] | [0.50,2.69] [-0.22,0.74] | [-2.20,0.75] [-0.11,2.51]
rod5 0.924 0.010 1.080 0323 0.825 0.772 0.867 0.098 0328 0.074
[0.15,2.00] [-0.48,0.50] | [0.18,1.98] [-0.86,0.21] | [0.68.2.33] [0.13,1.42] | [-0.21,1.94] [-0.38,0.57] | [-1.76,1.10] [-0.46,2.41]
0.582 0.047 1104 0.352 1175 0.770 0.381 0.100 20.807 2.701"
50-59 [0.49,1.66] [-0.45,0.55] | [0.14,2.07] [0.89,0.19] | [-0.34,2.69] [0.14,1.40] | [0.78.1.54] [0.38,0.58] | [-2.29,0.67] [1.13,4.27]
0o 0.145 0.001 0.190 20.445 1172 0.78%" 0.167 0.126 1031 5,637
[0.99,0.70] [-0.53,0.54] | [-0.58,0.96] [-1.02,0.13] | [0.34,2.68] [0.07,1.50] | [-1.01,0.68] [-0.37,0.62] | [-2.66,0.60] [0.50,4.78]
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70+ 0.000 -0.118 0.000 -0.561 0.615 1.037" 0.000 0.216 -0.439 -0.820
[0.00,0.00] [-0.72,0.48] | [0.00,0.00] [-1.20,0.07] | [-1.01,2.24] [0.25,1.82] | [0.00,0.00] [-0.31,0.74] | [-3.93,3.06] [-3.07,1.43]
Gender
Male 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
Female 0.549 -0.142 0.978 -0.658 0.410 0.224 0.547 0.174 1.312 -1.063
[-0.52,1.62] [-0.84,0.56] | [-0.10,2.06] [-1.56,0.24] | [-1.71,2.53] [-0.38,0.83] | [-0.53,1.63] [-0.43,0.77] | [-0.67,3.30] [-2.38,0.25]
Canton of
treatment
AG 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
BE -0.332 -0.007 -0.760 0.107 0.218 -0.086 -0.381 0.190 -0.538 0.841
[-1.91,1.25] [-0.43,0.42] | [-2.34,0.82] [-0.33,0.54] | [-0.54,0.97] [-0.60,0.43] | [-1.97,1.21] [-0.15,0.53] | [-1.58,0.50] [-0.04,1.72]
BL 0.000 -0.684 0.000 -0.612 -0.431 0.051 0.000 -0.390 -0.782 -0.448
[0.00,0.00] [-1.45,0.08] | [0.00,0.00] [-1.45,0.22] | [-2.02,1.16] [-1.14,1.24] | [0.00,0.00] [-0.97,0.19] | [-2.87,1.31] [-2.26,1.36]
BS -0.230 0.242 -0.563 0.311 0.376 0.279 -0.256 0.142 -0.445 1.659™
[-1.89,1.43] [-0.19,0.67] | [-2.18,1.05] [-0.13,0.75] | [-0.44,1.19] [-0.24,0.80] | [-1.92,1.41] [-0.20,0.49] | [-1.53,0.64] [0.67,2.64]
R 0.000 0.002 0.000 0.301 0.000 0.000 0.574"
[0.00,0.00] [-0.51,0.52] | [0.00,0.00] [-0.27,0.87] | [0.00,0.00] [0.00,0.00] [0.23,0.92]
-1.702 -0.025 -2.100 -0.014 0.357 0.200 -1.821° 0.128 -0.437 1.563"
GE [-3.34,- [-3.74,-
0.06] [-0.47,0.42] 0.46] [-0.48,0.45] | [-0.44,1.15] [-0.35,0.75] | [-3.51,-0.14] [-0.23,0.49] | [-1.46,0.58] [0.52,2.60]
GR 0.000 -0.195 0.000 -0.216 1.286° -0.785 0.000 0.507 1.897 0.824
[0.00,0.00] [-1.01,0.62] | [0.00,0.00] [-1.16,0.73] | [0.00,2.57] [-1.43,-0.14] | [0.00,0.00] [0.10,0.91] | [0.20,3.59] [-0.65,2.29]
U 0.459 -0.243 -0.240 -0.144 0.217 -0.429 0.434 0.120 -0.350 1.252
[-1.52,2.44] [-0.77,0.28] | [-2.15,1.67] [-0.67,0.38] | [-0.87,1.30] [-1.37,0.51] | [-1.55,2.42] [-0.27,0.51] | [-1.51,0.81] [-0.10,2.61]
LU -0.560 -0.359 -0.791 -0.362 0.335 -0.241 -0.614 0.096 -1.286 -0.198
[-2.83,1.71] [-0.92,0.20] | [-3.00,1.42] [-0.98,0.25] | [-0.69,1.36] [-0.92,0.44] | [-2.89,1.66] [-0.36,0.55] [ [-2.65,0.08] [-2.66,2.26]
NE 0.693 -0.009 0.509 -0.203 0.753 0.268 0.658 0.057 0.219 0.731
[-1.79,3.18] [-0.61,0.59] | [-1.48,2.50] [-0.83,0.42] | [-0.20,1.70] [-0.40,0.94] | [-1.83,3.14] [-0.38,0.50] | [-1.21,1.65] [-0.69,2.15]
-1.972 -1.113™ -2.252" -1.301™ 0.259 -0.249 -2.002 -0.536" -0.919 0.696
NW [-3.66,- [-1.62,- [-3.99,-
0.28] 0.60] 0.52] [-1.87,-0.74] | [-0.76,1.28] [-0.88,0.38] | [-3.71,-0.30] [-0.92,-0.15] | [-2.22,0.39] [-0.78,2.17]

236




Supplementary FilesB: Chapter3

SG -0.758 -0.129 -1.160 -0.053 0.185 0.124 -0.797 -0.089 -0.629 0.432
[-2.36,0.84] [-0.56,0.30] | [-2.75,0.43] [-0.50,0.39] | [-0.58,0.95] [-0.41,0.66] | [-2.40,0.81] [-0.43,0.25] | [-1.62,0.36] [-0.54,1.40]
sH 0.000 0.488" 0.000 0.7117 0.000 0.000 0.350 0.000
[0.00,0.00] [0.04,0.93] | [0.00,0.00] [0.26,1.16] | [0.00,0.00] [0.00,0.00] [-0.01,0.71] | [0.00,0.00]
e 0.244 -0.325 -0.507 -0.247 0.056 0.364 0.222 -0.129 -0.919 0.372
[-1.63,2.12] [-0.91,0.26] | [-2.32,1.31] [-0.87,0.38] | [-0.98,1.09] [-0.35,1.08] | [-1.66,2.10] [-0.53,0.27] | [-2.50,0.67] [-2.14,2.88]
s7 0.298 -0.418 -0.365 -0.204 -1.287 -0.651 0.252 0.032 0.000
[-2.24,2.83] [-1.16,0.32] | [-2.45,1.72] [-0.98,0.57] | [-3.18,0.60] [-1.45,0.15] | [-2.30,2.80] [-0.42,0.49] | [0.00,0.00]
0.000 -3.080™ 0.000 -2.762™ 0.000 0.000 -0.606™ 0.000
UR [0.00,0.00] [255% [0.00,0.00] [-3.26,-2.26] | [0.00,0.00] [0.00,0.00] [-1.05,-0.16] | [0.00,0.00]
-0.731 -0.052 -0.946 0.053 0.092 -0.178 -0.794 0.176 -0.545 1.126”
Vb [-2.31,0.85] [-0.47,0.37] | [-2.53,0.64] [-0.38,0.48] | [-0.68,0.87] [-0.69,0.33] | [-2.38,0.80] [-0.16,0.51] | [-1.52,0.43] [0.28,1.98]
7H -0.593 0.070 -1.212 0.203 0.366 -0.048 -0.612 0.148 -0.338 1.020°
[-2.20,1.02] [-0.35,0.49] | [-2.82,0.39] [-0.23,0.63] | [-0.40,1.13] [-0.55,0.46] | [-2.23,1.00] [-0.19,0.49] | [-1.33,0.65] [0.17,1.87]
Smoking
status
Smoker 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
Former 0.045 0.007 0.247 -0.100 0.225 0.123 -0.010 -0.015 0.095 -0.141
smoker [-0.43,0.52] [-0.11,0.12] | [-0.18,0.67] [-0.22,0.02] | [-0.05,0.50] [-0.05,0.30] | [-0.50,0.47] [-0.11,0.08] | [-0.29,0.48] [-0.91,0.63]
Non-smoker 0.053 -0.027 -0.108 -0.099 0.233 0.135 0.048 0.010 -0.124 -0.008
[-0.40,0.51] [-0.14,0.08] | [-0.49,0.27] [-0.22,0.02] | [-0.02,0.49] [-0.04,0.31] | [-0.41,0.51] [-0.07,0.09] [ [-0.49,0.24] [-0.58,0.57]
0.000 0.139 0.574 -0.131 0.943 0.495 0.000 0.124 0.749 -0.277
Unknown
[0.00,0.00] [-0.25,0.53] | [-0.81,1.96] [-0.63,0.37] | [0.14,1.75] [0.02,0.97] | [0.00,0.00] [-0.20,0.44] | [-0.45,1.94] [-1.95,1.39]
Age X
gender
interaction
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
10-19 x Male [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
10-19 x 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Female [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
20-29 x Male 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
20-29 x 0.050 0.155 -0.519 0.678 -0.185 -0.558 0.041 -0.172 -0.719 0.228
Female [-1.34,1.44] [-0.55,0.86] | [-1.92,0.88] [-0.22,1.57] | [-2.34,1.97] [-1.22,0.11] | [-1.36,1.45] [-0.80,0.46] | [-2.69,1.25] [-1.29,1.74]
30-39 x Male 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
-1.490° -0.087 -1.846" 0.441 -0.361 -0.094 -1.525° -0.341 -0.761 0.671
30-39x [-2.79,- [-3.08,-
Female 0.19]’ [-0.80,0.63] 0.61], [-0.47,1.36] | [-2.54,1.82] [-0.74,0.55] | [-2.83,-0.22] [-0.96,0.27] | [-2.86,1.34] [-0.65,1.99]
40-49 x Male 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
40-49 x -0.534 0.182 -0.751 0.650 -0.064 -0.490 -0.518 -0.058 -0.921 1.410
Female [-1.88,0.81] [-0.54,0.91] | [-2.03,0.53] [-0.27,1.57] | [-2.23,2.10] [-1.22,0.24] | [-1.87,0.83] [-0.67,0.55] | [-3.02,1.18] [-0.26,3.08]
50-59 x Male 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
50-59 x -0.393 -0.030 -1.304 0.577 -0.919 -0.424 -0.242 -0.152 -0.702 -0.431
Female [-1.78,1.00] [-0.76,0.70] | [-2.65,0.04] [-0.36,1.51] | [-3.11,1.27] [-1.10,0.25] | [-1.67,1.19] [-0.77,0.46] | [-2.81,1.41] [-2.20,1.33]
60-69 x Male 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
60-69 x -0.391 -0.209 -0.998 0.392 -0.937 -0.431 -0.454 -0.118 -1.964 -1.591
Female [-1.62,0.83] [-0.98,0.56] | [-2.18,0.18] [-0.58,1.36] | [-3.13,1.26] [-1.16,0.30] | [-1.68,0.77] [-0.75,0.51] | [-4.73,0.80] [-4.39,1.21]
70+ x Male 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
70+ x 0.000 -0.217 0.000 0.050 -0.113 -0.226 0.000 -0.415 0.000 0.000
Female [0.00,0.00] [-1.03,0.60] | [0.00,0.00] [-0.97,1.07] | [-2.39,2.16] [-1.13,0.68] | [0.00,0.00] [-1.07,0.24] | [0.00,0.00] [0.00,0.00]
Disease
sewerity
(CDAI)
Remission 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
Mild 0.462 0.221° 0.001 0.148 0.507" 0.214 0.510 0.075 0.820™ 0.099
[-0.68,1.60] [0.05,0.39] | [-0.60,0.60] [-0.00,0.30] | [0.07,0.95] [-0.06,0.48] | [-0.62,1.64] [-0.08,0.23] | [0.25,1.39] [-0.65,0.84]
Moderate -0.700 0.244 -1.127 0.202 -0.066 0.368 -0.661 0.008 1.500™ 0.118
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[1.97.057) [010059) | ‘oo [0.06046] | [0.84071] [027,0.01] | [195062 [023024) | [0.59,241] [0.70,0.94]

Disease

location

eal (L) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]

coonic (L2) | 0594 0.175° 0.384 0.160° 0.147 0.108 0.536 0.133° 20.090 0.041
[0.13,1.06] [0.05,0.30] | [-0.00,0.77] [0.02,0.30] | [0.11,0.41] [-0.07,0.29] | [0.06,1.01]  [0.05,0.22] | [-0.48,0.30] [-0.41,0.49]

lleocolonic 0.249 0.025" 0.256 0.187 0.295 0.084 0.229 0.116 0.305 0.016

(L3) [0.26,0.76] [0.10,0.35] | [-0.17,0.68] [0.05,0.32] | [0.02,0.58] [-0.13,0.30] | [-0.28,0.73]  [0.02,0.21] | [-0.67,0.06] [-0.53,0.56]

Isolated 0.250 0.115 20.339 0.150 0.541 0.025 0.231 0173 0.229 0.898

sipee;se (4 |F077127] [013,036] | [1.33.0.65] [0.000.39] | [0.011.09] [0.29,034] | [080,126] [0.010.34] | [0.01,1.36] [0.12,1.92

y 0.941 20.016 0.686 20.233 0.376 0.419 0.936 0.063 20.443 20.699
[0.37,2.25] [-0.39,0.36] | [-0.34,1.72] [-0.62,0.15] | [-0.40,1.15] [-0.13,0.97] | [-0.40,2.27] [-0.15,0.27] | [-1.43,0.54] [-1.65,0.25]

oela 0.325 0.103 0.262 0.293 0.509 0.759 20.384 0.123 0.000
[2.22,1.57] [-0.89,1.10] | [-1.73,2.25] [-1.11,0.52] | [-0.89,1.91] [-0.18,1.70] | [-2.25,1.49] [-0.68,0.44] | [0.00,0.00]

avia 20.749 0.266 20.495 0.335 20.368 0.221 0.774 0.495° 20.589 0.877
[1.78,0.28] [-0.01,0.55] | [-1.74,0.75] [0.04,0.63] | [-1.30,0.56] [-0.86,0.42] | [-1.81,0.26]  [0.16,0.83] | [-1.97,0.80] [-1.91,0.16]

Disease

complication

Sﬁ

- 0.786 0.308" 0.154 0.083 0.556° 0.134 0.838 0.232° 0.224 0.089
[2.14,0.57] [0.11,0.51] | [-0.88,0.57] [-0.07,0.24] | [0.15,0.96] [-0.03,0.30] | [-2.04,0.37]  [0.09,0.38] | [0.52,0.97] [-0.79,0.97]
1,037 0.249™ 0.277 0.003 1393~ 0.072 1249 0.211" 0.297 0.097

Abscess [-0.11,3.98] [0.11,0.39] | [0.42,0.97] [0.13,0.14] | [1.00,1.78] [0.26,0.11] | [0.22,2.72]  [0.06,0.36] | [-0.31,0.91] [-0.67,0.87]

- 0.708 0.106 0.367 0.034 0.265 0.249 0.622 0.124 0.319 0.318

ssure [-1.37,2.79] [-0.13,0.34] | [-0.66,1.39] [-0.19,0.26] | [0.29,0.82] [0.14,0.64] | [-1.38,2.62] [-0.09,0.34] | [0.60,1.24] [-1.31,0.67]

Other major | 0.921 0.201" 0.662" 0.115° 0.376" 0.162 0.932" 0.158" 0.236 20.001

gomp"cat'on [0.44,1.40] [0.11,0.29] | [0.33,1.00] [0.03,0.20] | [0.16,0.60] [-0.01,0.33] | [0.46,1.40]  [0.08,0.23] | [-0.11,0.58] [-0.40,0.40]

o 0.416 0.252" 0.420° 0.299" 0.108 0.132 0.429 0.155" 0.280 0.333
[0.04,0.79] [0.17,0.34] | [0.12,0.72] [0.21,0.39] | [-0.12,0.33] [-0.03,0.30] | [0.05,0.80]  [0.08,0.23] | [-0.04,0.60] [-0.05,0.72]
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Stomosis 1.3607 0176 0.534 20.095 0.608° 0477 1375 0.045 20.034 0.167
[0.50,2.22] [0.00,0.35] | [-0.31,1.38] [-0.28,0.09] | [0.10,1.12] [0.20,0.75] | [0.52,2.23]  [0.14,0.23] | [0.79,0.72] [-1.00,0.67]
Education
attainment
Less than 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
obligatory | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00]  [0.00,0.00] | [0.00,0.00] [0.00,0.00]
Basic & 20.250 0.210 0.022 0.227 0.013 0.018 0.124 0.018 0.411 3.388"
zg'r']gztlory [-1.68,1.18] [-0.17,0.59] | [-1.51,1.47] [-0.23,0.68] | [-0.64,0.61] [-0.51,0.54] | [-1.36,1.61] [0.26,0.30] | [-1.70,2.52] [1.69,5.09]
Apprentice- 20.549 0.228 20.420 0.298 20.053 0.002 20.184 0.031 0.428 3.200"
ship &
Vocational | [-1.89,0.79] [-0.14,0.59] | [-1.85,1.01] [-0.14,0.73] | [-0.66,0.55] [-0.54,0.55] | [-1.59,1.22]  [-0.24,0.30] | [1.63,2.49] [1.93,4.65]
Upper 0.979 0.138 1119 0.336 20.404 0.006 -0.606 20.092 0.244 2.994"
Secondary | [-2.39,0.43] [-0.25,0.53] | [-2.62,0.39] [-0.12,0.79] | [-1.06,0.26] [0.57,0.58] | [-2.08,0.86] [-0.38,0.19] | [1.87,2.36] [1.49,4.50]
Tertiary 20.634 0.103 20.617 0.203 20.214 20.056 -0.330 20.002 0.482 2579
education | [2.02,0.75] [-0.27,0.47] | [-2.07,0.84] [-0.24,0.64] | [-0.84,0.41] [0.60,0.49] | [1.77,1.11] [-0.28,0.27] | [[1.59,2.55] [1.22,3.93]
Employment
status
Full-time 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
employment | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00]  [0.00,0.00] | [0.00,0.00] [0.00,0.00]
Part-time 0.138 0.077 20.044 0.023 0.043 0.101 -0.144 0.050 0.217 0.466
employment | [-0.62,0.35] [-0.04,0.20] | [-0.48,0.39] [-0.10,0.15] | [-0.28,0.37] [0.14,0.35] | [0.63,0.34]  [-0.05,0.15] | [-0.16,0.59] [-0.01,0.94]
—oat 0.355 20.062 20.004 0.136 0.373 0.088 0.333 0.017 20.410 0.296
ucation |+ 400,1.61] [-0.27,0.14] | [0.94,0.93] [-0.35.0.08] | [-0.10,0.84] [0.25.0.42] | [0.93,1.60] [-0.16,0.19] | [1.01,0.19] [-0.65,1.24]
Unemployed | 0523 0.096 0213 0.025 0.197 0.176 20.580° 0.041
[-1.08,0.03] [0.04,0.23] | [[0.72,0.29] [-0.12,0.17] | [-0.15,0.54] [-0.06,0.41] | [-1.13,-0.03] [-0.06,0.15]
otired 20.086 0.280" 20.083 0.189° 0.661" 20.019 20.155 0.236"
[-0.71,0.54] [0.12,0.44] | [-0.60,0.43] [0.02,0.36] | [0.31,1.01] [-0.22,0.19] | [-0.77,0.46]  [0.11,0.36]
Disease
duration
0:9 yours 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
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1019 years | 07238 0.032 20.244 0.004 0.197 20.098 0.250 0.054 0.279 0.098
[0.65,0.17] [-0.08,0.14] | [0.62,0.14] [-0.12,0.11] | [-0.08,0.48] [-0.28,0.08] | [-0.66,0.16] [-0.03,0.14] | [-0.67,0.11] [-0.39,0.58]
2025 0.153 0.101 0.475 0.084 0.061 0.173 0.001 0.024 0.416 0.211
CIYEAS 10 40,0.71] [-0.26,0.06] | [-0.95,0.00] [-0.26,0.09] | [0.28,0.40] [-0.39,0.04] | [0.46,0.64] [-0.09,0.13] | [-0.95,0.12] [-0.58,1.01]
30-39 years 0.320 20.091 20.255 0.132 0.350 0.326 0.324 0.166 20.043 20.643
[-0.42,1.06] [-0.29,0.11] | [-0.86,0.35] [-0.37,0.11] | [-0.06,0.76] [-0.59,-0.06] | [-0.42,1.06]  [0.02,0.31] | [-0.77,0.69] [-1.70,0.41]
0.427 0.381 0.318 20.253 20.490 20.499 0.277 20.014 0.824 5.166"
A0-49years |4 651.51] [-0.77,0.01] | [-1.29,0.65] [0.66,0.16] | [-1.62,0.64] [-1.18,0.19] | [0.79.1.35]  [0.27.0.24] | [-1.43,3.08] [-6.62,-3.71]
0.000 1828" 0.000 19507 0.000 0.000 0.301
S0+ years 1 14 60,0.00] ['02_';;]" [0.00,0.00] [3.18,-0.72] | [0.00,0.00] [0.00,0.00] [0.74,0.14]
Disease
behaviour
o 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
o 0.238 0.21T 0.435 0.264" 0.352 20.166 0.258 0.369" 0.689 0.651
[-0.97,1.44] [0.02,0.40] | [0.47,1.34] [0.07,0.46] | [-0.21,0.91] [-0.49,0.16] | [-0.93,1.45] [0.18,0.56] | [-0.12,1.50] [-0.29,1.59]
o3 20.010 0.131 0.259 0.159 0.325 20.109 0.085 0.148 0.383 0.897
[-1.59,1.57] [-0.05,0.31] | [-0.54,1.06] [-0.00,0.32] | [-0.15,0.80] [-0.36,0.14] | [-1.38,1.55] [-0.03,0.33] | [-0.43,1.20] [-0.26,2.05]
Perianal 1.436 0.046 0.500 0.176 0.214 20.054 1.447 20.089 0.353 0.137
involvement® | [0.07,2.80] [-0.15,0.24] | [-0.30,1.32] [0.01,0.35] | [-0.23,0.66] [-0.26,0.15] | [0.22,2.68]  [-0.24,0.07] | [-0.44,1.15] [-1.09,0.82]
1.751 8304~ 1376 8127 3.403 8516~ 1,609 5531 0.942 3.550°
—cons [-0.64,4.14] [7.37,9.24] | [-1.54,4.29] [6.96,9.29] | [6.03,-0.78] [7.45,9.58] | [-0.87,4.09] [4.76,6.30] | [-3.53,1.65] [1.32,5.78]
N 4967 4858 5028 4600 5107 542 4967 4853 3061 79

#Reference level is non-present (binary variables)

* p<.05; ** p<.01; *** p<.001
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Total direct costs Inpatient costs Drug costs Outpatient costs Indirect costs
[b, 95% CI] [b, 95% CI] [b, 95% ClI] [b, 95% CI] [b, 95% CI]
Logit GLM Logit GLM Logit GLM Logit GLM Logit GLM
Visit year
2006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00]
2007 1.297 0.500 2.102™ 0.087 -0.867 0.844 1.320° 0.913™ 0.000 0.000
[0.09,2.50] [-0.36,1.36] | [1.10,3.10] [-0.80,0.98] | [-4.56,2.82] [-0.27,1.96] | [0.11,2.53] [0.43,1.40] | [0.00,0.00] [0.00,0.00]
2008 3.084™ 0.522 1.621™ 0.336 -0.237 0.274 3.110™ 0.892™ 0.115 -0.515
[1.74,4.42) [-0.31,1.36] | [0.93,2.32] [-0.54,1.21] | [-3.93,3.46] [-0.88,1.43] | [1.77,4.45] [0.42,1.37] | [-0.27,0.50] [-1.22,0.19]
2009 1.015" 0.764 1.419™ 0.361 -0.145 0.456 1.077" 0.944™ 0.291 -0.602
[0.31,1.72] [-0.10,1.63] | [0.81,2.03] [-0.53,1.25] | [-3.81,3.52] [-0.69,1.60] | [0.38,1.78] [0.46,1.42] | [-0.12,0.70] [-1.39,0.19]
1.457" 0.654 1.312™ 0.419 -0.195 0.067 1.462™ 0.962™ 0.100 -0.355
2010 [0.76,2.16] [-0.19,1.50] | [0.76,1.86] [-0.49,1.33] | [-3.90,3.51] [-1.08,1.21] | [0.77,2.15] [0.48,1.45] | [-0.34,0.54] [-1.11,0.40]
2011 2217 0.613 2.002™ 0.405 -0.506 0.493 2.274™ 0.784" -0.077 0.326
[1.48,2.95] [-0.23,1.46] | [1.46,2.54] [-0.50,1.31] | [-4.21,3.20] [-0.67,1.66] | [1.54,3.01] [0.30,1.27] | [-0.55,0.40] [-0.69,1.34]
2012 1.561™ 0.795 1.672™ 0.566 0.079 0.082 1.597™ 0.871™ -0.170 -0.334
[0.99,2.14] [-0.05,1.64] | [1.21,2.13] [-0.34,1.47] | [-3.61,3.77] [-1.01,1.17] | [1.02,2.17] [0.38,1.36] | [-0.64,0.30] [-1.46,0.80]
0.884™ 0.916 1.166™ 0.613 -0.107 0.399 0.894™ 0.959™ 0.114 -0.108
2013 [0.43,1.34] [0.07,1.76] | [0.79,1.54] [-0.30,1.52] | [-3.83,3.62] [-0.74,1.54] | [0.44,1.35] [0.47,1.45] | [-0.35,0.58] [-1.11,0.90]
2014 0.736™ 0.948" 0.915™ 0.791 0.187 -0.002 0.765™ 1.022™ -0.026 -0.519
[0.33,1.14] [0.10,1.80] | [0.58,1.25] [-0.13,1.71] | [-3.53,3.91] [-1.12,1.12] | [0.36,1.17] [0.53,1.51] [ [-0.49,0.44] [-2.14,1.1Q]
2015 0.715™ 1.146" 0.783™ 0.917 0.226 0.062 0.687™ 1.008™ -0.023 -0.672
[0.35,1.08] [0.28,2.01] | [0.51,1.05] [-0.01,1.85] | [-3.49,3.95] [-1.01,1.13] | [0.32,1.05] [0.52,1.50] [ [-0.50,0.45] [-1.58,0.23]
0.000 1.114 0.000 1.056 -0.187 -0.103 0.000 1.033™ 0.215 -1.594"
2016 [0.00,0.00] [0.25,1.98] | [0.00,0.00] [0.11,2.00] | [-3.92,3.55] [-1.24,1.03] | [0.00,0.00] [0.53,1.53] | [-0.27,0.70] [-2.56,-0.63]
Cohort
wave
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
2 0.338 -0.269 0.461 0.506™ -0.906™ -0.708" 0.340 -0.329™ -0.774™ 0.140
[-0.86,1.54] [-0.65,0.11] | [-0.15,1.07] [0.25,0.76] | [-1.51,-0.31] [-1.23,-0.19] | [-0.86,1.54] [-0.52,-0.14] | [-1.11,-0.44] [-0.47,0.75]
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3 -0.078 -0.252 0.763 0.588™ -0.968" -0.8927 -0.088 -0.428™ -0.993™ -0.458
[-1.06,0.90] [-0.62,0.11] | [0.09,1.44] [0.30,0.87] |[-1.58,-0.36] [-1.49,-0.29] | [-1.07,0.90] [-0.60,-0.25] | [-1.35,-0.63] [-1.06,0.14]
0.379 -0.318 0.913 0.636™ -1.659™ -0.407 0.323 -0.598™ -1.311™ -0.916°
4 [-0.69,1.45] [-0.71,0.08] | [0.18,1.65] [0.32,0.95] |[-2.32,-1.00] [-1.19,0.38] | [-0.74,1.39] [-0.79,-0.41] | [-1.70,-0.92] [-1.74,-0.10]
5 0.423 -0.354 0.907 0.598™ -1.595™ -0.616 0.383 -0.687" -1.319™ -0.613
[-0.64,1.48] [-0.74,0.03] | [0.14,1.68] [0.28,0.92] |[-2.28,-0.91] [-1.22,-0.01] | [-0.64,1.40] [-0.88,-0.49] | [-1.73,-0.91] [-1.35,0.12]
6 -0.027 -0.240 0.750 0.635™ -1.604™ -0.056 -0.068 -0.709™ -1.871™ 0.584
[-1.07,1.02] [-0.64,0.16] | [-0.05,1.55] [0.31,0.96] |[[-2.32,-0.88] [-0.72,0.61] | [-1.12,0.98] [-0.90,-0.52] | [-2.40,-1.34] [-0.76,1.93]
0.117 -0.273 0.817 0.520” -1.429™ -0.091 0.121 -0.685™ -1.382™ -0.254
! [-0.92,1.16] [-0.68,0.13] | [0.05,1.59] [0.19,0.85] |[-2.11,-0.75] [-0.77,0.59] | [-0.93,1.17] [-0.88,-0.49] | [-1.83,-0.93] [-1.37,0.86]
3 0.467 -0.359 1.031° 0.538" -1.240 -0.562 0.460 -0.606™ -1.228™ 0.347
[-0.60,1.54] [-0.77,0.05] | [0.22,1.84] [0.19,0.88] |[[-1.99,-0.49] [-1.22,0.09] | [-0.63,1.55] [-0.82,-0.39] | [-1.69,-0.77] [-0.76,1.46]
9 0.625 -0.355 1.192" 0.432 -1.626™ -0.090 0.567 -0.741™ -1.312™ 0.129
[-0.47,1.72] [-0.80,0.09] | [0.32,2.06] [0.07,0.80] [[-2.41,-0.84] [-0.89,0.71] | [-0.54,1.68] [-0.96,-0.52] | [-1.78,-0.84] [-1.51,1.77]
0.559 -0.531 1.300™ 0.379 -1.814™ -0.580 0.598 -0.725™ -1.2777 0.810
10 [-0.58,1.70] [-0.98,-0.08] | [0.39,2.21] [-0.02,0.78] |[-2.68,-0.95] [-1.43,0.27] | [-0.55,1.74] [-0.98,-0.47] | [-1.82,-0.74] [-0.51,2.13]
11 1.202 -0.478 1.843™ 0.405 -1.409” -0.732 1.225 -0.786™ -1.382™ 0.481
[-0.04,2.44] [-0.95,-0.01] | [0.86,2.83] [-0.04,0.85] | [-2.40,-0.42] [-1.61,0.15] | [-0.02,2.47] [-1.07,-0.51] | [-1.98,-0.79] [-1.10,2.06]
Age (years)
10-19 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
20-29 1.444° -0.733" 1.596™ -0.832" -0.511 0.221 1.447 -0.730” -0.738 0.433
[0.21,2.67] [-1.25,-0.22] | [0.48,2.71] [-1.35,-0.31] | [-2.04,1.02] [-0.61,1.05] | [0.21,2.68] [-1.20,-0.26] | [-1.87,0.40] [-1.71,2.58]
1.365" -0.996™ 1.213" -1.054™ -1.091 0.353 1.353" -0.872™ -0.805 1.398
30-39 [0.51,2.22] [-1.54,-0.45] | [0.37,2.06] [-1.59,-0.52] | [-2.60,0.41] [-0.64,1.35] | [0.50,2.21] [-1.36,-0.39] | [-1.94,0.33] [-0.72,3.51]
40-49 0.696 -1.248™ 0.577 -1.271™ -1.111 0.263 0.616 -0.990™ -1.112 1.352
[-0.09,1.48] [-1.78,-0.71] | [-0.23,1.38] [-1.79,-0.75] | [-2.64,0.42] [-0.75,1.28] | [-0.17,1.40] [-1.48,-0.50] | [-2.26,0.03] [-0.98,3.68]
50-59 0.866 -1.287™ 0.602 -1.443™ -0.996 0.324 0.801 -1.033™ -0.911 1.806
[0.06,1.67] [-1.83,-0.74] | [-0.26,1.47] [-1.97,-0.92] | [-2.54,0.55] [-0.74,1.39] | [-0.02,1.62] [-1.53,-0.54] | [-2.07,0.24] [-0.27,3.89]
0.756 -1.259™ 0.583 -1.225™ -0.745 -0.329 0.769 -0.998™ -0.975 2.112
60-69 [-0.06,1.57] [-1.83,-0.68] | [-0.27,1.44] [-1.79,-0.66] | [-2.35,0.86] [-1.33,0.67] | [-0.05,1.58] [-1.50,-0.49] | [-2.18,0.23] [0.04,4.19]
70+ 0.000 -1.435™ 0.000 -1.901™ -0.444 0.916 0.000 -1.249™ 0.000
[0.00,0.00] [-2.10,-0.77] | [0.00,0.00] [-2.50,-1.30] | [-2.11,1.22] [-0.25,2.09] | [0.00,0.00] [-1.80,-0.70] | [0.00,0.00]
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Gender
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Male [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00]
Female 0.041 -1.829™ -0.471 -2.270™ -0.559 -1.585" 0.047 -0.332 -0.402 -1.628
[-1.02,1.10] [-2.41,-1.25] | [-1.49,0.55] [-2.77,-1.77] | [-2.65,1.53] [-2.65,-0.52] | [-1.01,1.11] [-1.21,0.54] | [-1.78,0.97] [-4.06,0.81]
Canton
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
AG [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00]
AR 0.000 0.529 0.000 0.717" 0.000 0.000 0.593™ 0.000
[0.00,0.00] [0.12,0.94] [0.00,0.00] [0.28,1.15] [0.00,0.00] [0.00,0.00] [0.29,0.89] [0.00,0.00]
BE 0.276 0.109 -0.260 0.031 -0.002 0.958" 0.336 0.272 -0.012 -0.197
[-0.95,1.51] [-0.29,0.51] | [-1.33,0.81] [-0.39,0.45] | [-0.88,0.87] [0.32,1.59] [-0.87,1.54] [-0.00,0.54] | [-0.45,0.43] [-0.96,0.56]
0.527 -0.458 -0.488 -0.366 -1.207 -0.093 0.648 -0.109 -0.281 -0.079
BL [-1.12,2.17] [-1.26,0.35] | [-1.98,1.00] [-1.23,0.50] | [-3.31,0.90] [-1.14,0.96] | [-0.96,2.26] [-0.59,0.37] | [-1.03,0.47] [-2.02,1.86]
BS 0.132 -0.024 -0.026 -0.269 0.879" 1.144™ 0.243 0.052 -0.033 -0.759
[-1.00,1.26] [-0.44,0.39] | [-1.05,1.00] [-0.72,0.18] | [0.05,1.71] [0.48,1.81] [-0.83,1.32] [-0.25,0.35] | [-0.57,0.51] [-1.81,0.29]
GE -1.177 -0.105 -1.205" -0.300 0.210 0.829" -1.025 0.019 -0.188 -0.094
[-2.29,-0.07] [-0.58,0.37] |[-2.29,-0.12] [-0.78,0.19] | [-0.67,1.09] [0.01,1.64] [-2.10,0.05] [-0.29,0.32] | [-0.65,0.27] [-1.08,0.89]
0.000 0.223 0.339 0.325 0.377 0.467 0.000 0.500 -0.262 -5.046™
GR [0.00,0.00] [-0.43,0.87] | [-2.00,2.68] [-0.37,1.02] | [-0.54,1.30] [-0.63,1.57] | [0.00,0.00] [-0.18,1.18] | [-1.16,0.64] [-7.09,-3.01]
Ju -0.272 -0.607" -0.534 -0.681" -0.294 0.315 -0.242 -0.024 -0.566 0.358
[-1.44,0.90] [-1.03,-0.18] | [-1.72,0.66] [-1.14,-0.22] | [-1.47,0.88] [-0.53,1.16] | [-1.33,0.85] [-0.37,0.32] | [-1.33,0.20] [-0.74,1.45]
LU -1.121 -0.150 -1.160" -0.328 0.242 0.897" -0.994 0.134 -0.498 0.005
[-2.30,0.06] [-0.70,0.40] | [-2.28,-0.04] [-0.89,0.23] | [-0.85,1.34] [0.14,1.65] [-2.12,0.13] [-0.20,0.47] | [-1.21,0.21] [-1.43,1.44]
0.076 -0.692 -0.523 -0.843" 0.813 0.025 0.194 -0.189 0.017 -0.438
NE [-1.65,1.81] [-1.39,0.00] | [-1.90,0.85] [-1.61,-0.07] | [-0.32,1.94] [-0.84,0.89] | [-1.51,1.90] [-0.66,0.29] | [-0.62,0.65] [-2.34,1.47]
NW -0.859 -0.169 -0.506 -0.484 0.813 0.818 -0.765 0.131 -0.094 -0.075
[-2.12,0.41] [-0.67,0.34] | [-1.78,0.76] [-1.01,0.04] | [-0.12,1.74] [-0.08,1.72] | [-1.98,0.45] [-0.23,0.49] | [-0.87,0.68] [-1.58,1.43]
SG -0.647 -0.175 -0.620 -0.277 0.298 0.611 -0.554 -0.053 -0.179 -0.037
[-1.72,0.42] [-0.56,0.21] | [-1.63,0.39] [-0.69,0.13] | [-0.52,1.12] [0.05,1.18] [-1.57,0.47] [-0.32,0.22] | [-0.57,0.22] [-0.85,0.77]
-1.135 -0.250 -1.028" -0.081 0.000 -0.962 -0.287 0.922™ -3.166™
SH [-2.17,-0.10] [-0.68,0.18] | [-2.04,-0.01] [-0.54,0.38] | [0.00,0.00] [-1.95,0.02] [-0.57,0.00] | [0.46,1.38] [-4.83,-1.50]
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SO -1.086 -0.186 -1.453" -0.203 0.411 0.511 -1.099 -0.096 0.114 0.471
[-2.17,-0.00] [-0.80,0.43] | [-2.53,-0.37] [-0.89,0.48] | [-0.72,1.54] [-0.26,1.28] | [-2.14,-0.06] [-0.49,0.30] | [-0.53,0.76] [-0.66,1.60]
S7 0.000 -0.208 1.233 -0.344 -0.048 1.114 0.000 0.541" 0.000
[0.00,0.00] [-0.72,0.31] | [-0.93,3.39] [-0.97,0.28] | [-1.32,1.23] [-1.17,3.40] | [0.00,0.00] [0.20,0.89] | [0.00,0.00]
TG 0.000 0.391 0.000 -1.240™ 1.626™ 1.394™ 0.000 0.623™ 0.063 0.353
[0.00,0.00] [-0.01,0.80] | [0.00,0.00] [-1.67,-0.81] | [0.73,2.52] [0.65,2.14] [0.00,0.00] [0.33,0.92] | [-0.48,0.61] [-0.76,1.46]
UR -2.475™ -0.222 -1.927" -0.198 0.000 -2.390™ 0.108 0.000
[-3.63,-1.32] [-0.65,0.21] | [-3.03,-0.82] [-0.65,0.25] | [0.00,0.00] [-3.49,-1.29] [-0.18,0.40] | [0.00,0.00]
VD -0.783 -0.079 -0.838 -0.073 -0.050 0.332 -0.685 0.132 -0.213 -0.047
[-1.79,0.22] [-0.48,0.32] | [-1.77,0.10] [-0.50,0.35] | [-0.89,0.79] [-0.36,1.02] | [-1.63,0.26] [-0.13,0.40] | [-0.64,0.22] [-0.81,0.72]
7G 0.000 -1.483™ 0.000 -1.437" 0.000 0.000 -1.047™ 0.000
[0.00,0.00] [-1.90,-1.07] | [0.00,0.00] [-1.87,-1.00] | [0.00,0.00] [0.00,0.00] [-1.35,-0.74] | [0.00,0.00]
2 -0.286 -0.074 -0.451 -0.132 0.072 0.855" -0.163 0.077 -0.327 0.139
[-1.34,0.76] [-0.45,0.30] | [-1.43,0.53] [-0.53,0.27] | [-0.76,0.90] [0.23,1.48] | [-1.16,0.83] [-0.19,0.34] | [-0.77,0.11] [-0.82,1.09]
Smoking
status
Smoker 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
Former 0.863" 0.042 0.729 0.067 0.288 -0.395 0.852" 0.113 0.261 0.709
smoker [0.09,1.64] [-0.15,0.23] | [0.07,1.39] [-0.12,0.25] | [-0.19,0.77] [-0.91,0.11] | [0.08,1.63] [-0.03,0.25] | [-0.03,0.55] [-0.40,1.81]
Non- -0.007 0.095 0.044 0.070 0.212 -0.076 -0.038 0.045 -0.063 0.221
smoker [-0.51,0.49] [-0.08,0.27] | [-0.41,0.50] [-0.11,0.25] | [-0.17,0.59] [-0.50,0.35] | [-0.54,0.46] [-0.07,0.16] | [-0.31,0.18] [-0.82,1.26]
Unknown -0.507 -0.331 -0.727 -0.328 -0.293 0.188 -0.648 -0.078 -0.704 2.289™
[-1.69,0.67] [-0.72,0.06] | [-1.75,0.29] [-0.71,0.06] | [-1.25,0.66] [-0.44,0.82] | [-1.79,0.49] [-0.31,0.15] | [-1.35,-0.05] [0.99,3.59]
Age X
Gender
interaction
10-19 x 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Male [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
10-19 x 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Female [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
20-29 x 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Male [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
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20-29 x -0.740 1.613™ -0.116 2171 0.038 0.958 -0.719 0.283 0.441 1.026
Female [-2.47,0.99] [0.98,2.24] | [-1.68,1.45] [1.58,2.77] | [-2.18,2.26] [-0.15,2.06] | [-2.44,1.00] [-0.61,1.18] | [-1.02,1.90] [-1.67,3.72]
30-39 x 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Male [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00]
30-39 x -0.204 1.830™ 0.154 2.333™ 0.533 1.293° -0.203 0.341 0.704 1.251
Female [-1.45,1.05] [1.19,2.47] | [-1.03,1.34] [1.77,2.89] | [-1.63,2.69] [0.09,2.49] | [-1.45,1.05] [-0.55,1.23] | [-0.70,2.10] [-1.26,3.76]
40-49 X 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Male [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00]
40-49 x 0.054 1.665™ 0.502 2.141™ 0.344 1.300 0.117 0.317 0.835 1.743
Female [-1.16,1.27] [1.03,2.30] | [-0.70,1.70] [1.57,2.71] | [-1.80,2.49] [0.07,2.53] | [-1.10,1.33] [-0.57,1.21] | [-0.59,2.26] [-0.95,4.44]
50-59 x 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Male [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00]
50-59 x -0.679 1.754™ -0.027 2.316™ 0.496 1.441° -0.686 0.390 0.465 0.799
Female [-1.96,0.60] [1.07,2.44] [-1.28,1.22] [1.70,2.93] [-1.69,2.68] [0.17,2.72] [-1.96,0.59] [-0.51,1.29] [-0.94,1.87] [-1.54,3.14]
60-69 x 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Male [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00]
60-69 x -0.491 1.554™ 0.077 2.009™ -0.255 2.028" -0.474 0.156 0.992 0.593
Female [-1.84,0.85] [0.86,2.24] [-1.21,1.36] [1.35,2.66] [-2.61,2.10] [0.81,3.24] [-1.82,0.87] [-0.75,1.06] [-0.54,2.52] [-1.80,2.99]
70+ x Male 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00]
70+ X 0.000 2.282™ 0.000 3.392™ 0.607 0.449 0.000 0.803 0.000
Female [0.00,0.00] [1.42,3.15] [0.00,0.00] [2.53,4.26] | [-1.68,2.89] [-0.99,1.88] | [0.00,0.00] [-0.20,1.80] | [0.00,0.00]
Disease
severity
(MTWAI)
Remission 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00] [0.00,0.00]
Mild -0.166 0.190" -0.136 0.197" 0.037 0.142 -0.157 0.172" 0.214 0.374
[-0.64,0.31] [0.05,0.33] | [-0.56,0.29] [0.05,0.35] | [-0.44,0.51] [-0.24,0.53] | [-0.63,0.32] [0.05,0.29] | [-0.04,0.47] [-0.25,1.00]
Moderate -0.156 0.534™ -0.306 0.319™ 0.539" 0.724™ -0.207 0.254™ 0.316" 0.162
[-0.60,0.29] [0.36,0.71] | [-0.76,0.15] [0.17,0.47] [0.14,0.94] [0.38,1.07] | [-0.67,0.26] [0.15,0.36] [0.08,0.55] [-0.43,0.75]
Severe 0.206 0.518™ -0.097 0.337" 1.069™ 0.262 0.181 0.427" 0.605™ 0.803"
[-0.39,0.80] [0.36,0.67] | [-0.57,0.38] [0.19,0.48] [0.72,1.42] [-0.02,0.55] | [-0.40,0.77] [0.32,0.53] [0.41,0.80] [0.16,1.45]
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Disease
location
Proctitis 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00]  [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
Left-sided 0.452 0.296" 0.431 0.338™ 0.154 -0.088 0.443 0.113 -0.046 0.272
colitis [-0.04,0.94] [0.11,0.49] | [0.03,0.89] [0.16,0.52] | [-0.25,0.56] [-0.54,0.36] | [-0.04,0.93] [-0.01,0.23] | [0.29,0.20] [-1.12,0.57]
I 0.309 0.387" 0.037 0.439" 0.262 0.107 0.297 0.113 0.163 0.072
[-0.20,0.82] [0.20,0.58] | [-0.44,0.52] [0.25,0.63] | [-0.14,0.66] [-0.55,0.33] | [-0.21,0.80] [-0.01,0.24] | [-0.08,0.40] [-0.83,0.68]
Disease
complicatio
ns?
— 0.134 20.250 0.832 0.633 0.750 0.041 20.059 0.250 0.140 -0.668
[-2.42,2.15] [0.72,0.22] | [-1.30,2.96] [-1.15,-0.12] | [-0.52,2.02] [-0.70,0.62] | [-2.34,2.23] [-0.16,0.66] | [-0.54,0.82] [-2.31,0.98]
Abscess 0.000 0.193 0.000 0.157 0.668 0.662 0.000 0.073 0.084 0.000
[0.00,0.00] [-0.56,0.94] | [0.00,0.00] [-0.99,0.67] | [0.79,2.13] [-0.62,1.95] | [0.00,0.00] [-0.71,0.86] | [-0.75,0.92] [0.00,0.00]
U 1.104 0.147 0.051 0.217 0.255 0.120 1.136 0.053 0.180 0.696
[-0.54,2.75] [0.23,0.52] | [-1.21,1.31] [-0.19,0.63] | [-0.77,1.27] [-0.53,0.77] | [-0.50,2.77] [-0.25,0.36] | [-0.58,0.94] [-0.43,1.82]
Othermajor | 1.166 " 0.480" 0.896" 0.243" 0.872" 0.247" 1.098" 0.355" 0.291" 0.537
ﬁgmp“ca“o [0.63,1.70] [0.35,0.61] | [0.49,1.31] [0.12,0.37] | [0.56,1.18] [0.00,0.48] | [0.57,1.62] [0.26,0.45] | [0.08,0.50] [-1.11,0.04]
0.550° 0311 0.675" 0372 0.287 0.091 0.588" 0.164" 0.253 0.112
EiM [0.00,1.10]  [0.18,0.44] | [0.23,1.12]  [0.25,0.49] | [0.04,0.61] [-0.20,0.38] | [0.05,1.13] [0.07,0.25] | [0.06,0.45] [-0.36,0.58]
. 0.000 0.622" 0.287 0.400° 13107 0.146 0.487 0.436" 0.750° 1344
Stenosis | 1500,0.00] [0.28,0.96] | [1.28.1.86] [0.00,0.81] | [0.40,2.22] [-0.51,0.81] | [-1.64,2.62] [0.23,0.64] | [0.12,1.38]  [0.33,2.36]
Education
attainment
Less than 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
obligatory | [0.00,0.00]  [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]
Basic & 20.045 0.236 0.033 0.009 0.825 0.622 0.102 0.258 0.014 2618
ggugitlory [-1.47,1.38] [-0.95,0.48] | [-1.41,1.47] [0.57,0.58] | [-1.72,0.07] [-1.51,0.26] | [-1.49,1.29] [-0.15,0.66] | [-0.61,0.64] [-3.99,-1.25]
Vocational -0.883 0.175 0.676 0.070 0.514 0.653 0.875 0.243 0583 2115
apprentice- | [-2.14,0.38] [0.87,0.52] | [-1.96,0.61] [-0.47,0.61] | [-1.29,0.26] [-1.49,0.18] | [-2.12,0.37] [0.14,0.63] | [0.10,1.06] [-3.17,-1.06]
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ship w/

diploma

Upper 20.762 20.381 0.823 20.194 0.214 20.700 20.749 0.073 0.560 2.368"

Secondary | [-2.04,0.51] [-1.09,0.33] | [-2.15,0.51] [-0.77,0.38] | [-1.05,0.62] [-1.58,0.18] | [-2.00,0.51] [0.32,0.47] | [-0.01,1.13] [-3.73,-1.01]

Tertiary -0.968 0.163 0.792 0.062 20.639 0.376 20.969 0.207 0.527 1514

education | [-2.25,0.31] [-0.87,0.54] | [-2.11,0.52] [-0.49,0.61] | [-1.44,0.16] [-1.24,0.49] | [-2.23,0.29] [-0.18,0.59] | [0.02,1.03] [-2.63,-0.40]

Employmen

t status

Fulltime 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

fmploymen [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]

Part-time 0.140 0.110 0.186 0.083 0.153 0.116 0.106 0.059 20.000 0.244

temployme” [-0.35,0.63] [-0.06,0.28] | [-0.30,0.67] [0.10,0.26] | [-0.20,0.51] [-0.48,0.25] | [-0.38,0.59] [-0.05,0.17] | [-0.21,0.21] [-0.31,0.80]

= ucation 0.385 0.015 0.215 0.179 0.159 20.089 0.383 20.039 0.042 2,029
[-0.95,1.72] [-0.29,0.32] | [-1.23,0.80] [-0.14,0.50] | [-0.88,0.56] [-0.69,0.52] | [-0.94,1.71] [-0.26,0.18] | [-0.42,0.33] [0.91,3.15]

Un- 0.119 0.041 0.011 0.038 0.183 0.032 0.168 20.006

employed | [-0.62,0.38] [-0.14,0.22] | [-0.47,0.50] [-0.17,0.24] | [-0.63,0.27] [-0.28,0.35] | [-0.66,0.33] [-0.13,0.12]

~etired 0.423 20.038 0.525 20.088 20.204 20.024 20.426 0.167
[-0.97,0.13] [0.29,0.21] | [-1.06,0.01] [-0.33,0.15] | [-0.72,0.31] [-0.53,0.48] | [-0.98,0.13]  [0.00,0.33]

Disease

duration

0.9 yoars 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00] | [0.00,0.00] [0.00,0.00]

t0-10years | . 073 0.011 0717 0.031 0.125 0.128 0.712" 0.033 20.028 0.114
[-1.16,-0.30] [-0.15,0.17] | [-1.11,-0.32] [-0.12,0.18] | [-0.21,0.46] [-0.43,0.17] | [-1.15,-0.27] [-0.06,0.13] | [-0.24,0.18] [-0.32,0.54]

2020 years| 0% 0.166 0.644 0.127 0.071 20.450 0.528 0.057 0.228 14117
[-1.12,0.03] [-0.38,0.05] |[-1.18,0.11] [-0.36,0.11] | [-0.58,0.43] [-0.96,0.05] | [-1.11,0.06] [-0.09,0.20] | [-0.57,0.11] [-2.34,-0.49]

3039 years | 0084 20.034 0.441 0.122 0.711 20.379 0.133 0.220 0.013 71.340
[-0.87,0.70] [-0.31,0.24] | [-1.22,0.34] [-0.44,0.20] | [0.12,1.30] [-0.94,0.18] | [-0.93,0.66] [0.01,0.43] | [0.45,0.48] [-2.98,0.30]

4049 yoars | 0-458 0.110 0.137 0.141 1.104 20.800 20.004 0.373 0.622 0.715
[-1.38,2.30] [-0.87,0.65] | [-1.38,1.11] [-0.85,0.57] | [-0.02,2.23] [-2.09,0.49] | [-1.44,1.43] [-0.84,0.10] | [0.75,2.00] [-2.53,1.10]

50+ years 0.582 1.599™ 2.739" 1404~ 0.000 0.646 0.079
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[-1.75,0.59] [-2.30,-0.90] | [-3.91,-1.57] [-1.89,-0.92] | [0.00,0.00] [-1.82,0.53] [-0.62,0.78]

1.870 9.082" 0.901 8.106" 1.030 9.834" 1843 6.464" 0.341 9.922"
~cons [-0.21,3.95] [7.86,10.31] | [-1.04,2.85] [6.91,9.30] | [-5.10,3.04] [8.05,11.62] | [-0.21,3.89] [5.65,7.28] | [-1.68,1.00] [7.46,12.38]
N 4816 4667 4928 4458 4952 291 4854 4661 3281 108

#Reference level is non-present (binary variables)

* p<.05; ** p<.01; *** p<.001
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Propensity score matching: Extended methods and results

Propensity score matching was performed using the user-written command psmatch2 in Stata 15
(College Station, Texas)*. Characteristics and results of the propensity score logistic regression model

are outlined in Table C1.

In total, 1493 patients were eligible for inclusion in this study, of which 411 patients were matched in the
treatment (N=230) and control (N=181) groups. In propensity score matching, six patients in the
treatment group were dropped due to a lack of common support and no match was identified for nine
patients. Enrolmentin the SIBDCS after 2011, disease duration (p<0.001), and the presence of EIMs
(p<0.001) were significant predictors of early biologic use (Supplementary Files Table C2). Balance
diagnostics indicated sufficient overlap on propensity scores between the treatment and control groups

after matching (Supplementary Files Figure C1).

Table C1 Results of logistic regression model to determine the probability of receiving the
intervention (early biologic treatment) required for propensity score matching

Covariates Coefficient [95%Cl]
Gender
0.000
Mal
ae [0.00,0.00]
Female -0.264
[-0.69,0.16]
Year enrolmentin SIBDCS
0.000
2006
[0.00,0.00]
0.486
2007
[-0.82,1.80]
1.281
2008 [-0.03,2.59]
1.005
2009 [-0.39,2.40]
0.725
2010
[-0.71,2.16]
1.612"
2011
[0.20,3.03]
2.062"
2012 [0.62,3.51]
2.275"
2013
[0.85,3.70]
2.662™
2014
[1.32,4.01]
4.008™
2015 [2.51,5.50]

252



Supplementary FilesC: Chapter 4

s
0.000
2017 [0.00,0.00]
Canton
o oo
" o o
-
. 0
=
. o o
o o
GR [1C’>12:'5879 1.49]
0.632
U [-1.35,2.61]
L L6172
N (245087
-1.144
NW [-3.21,0.92]
SG [0240752 1.11]
sH 0.000.00
SO ?25;:3 3.33]
sz 450,08
e 0.000.00
R 0.000.00
vo 151156
2 124,165
Age at diagnosis [0000131000]
Disease location at diagnosis
0.000

L1-ileal

[0.00,0.00]
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. -0.110
L2-colonic [:0.79,0.57]
. . 0.256
L3 — ileocolonic [:0.25,0.76]
L4 — isolated upper disease [1(.)§07§3.66]
-0.409
L1+L4 [-2.04,1.22]
0.882
L2+L4
[-0.78,2.54]
1.264
L3+L4
[0.21,2.32]
Smoking status at diagnosis
0.000
Non-smoker [0.00,0.00]
0.409
Smok
moker [-0.08,0.89]
0.160
Unk
AKnown [-0.42,0.74]
Disease duration at enrolment 0.8477
[-1.00,-0.69]
Presence of disease
complications and surgery at
enrolment
. 0.096
Strict
rieture [-0.47,0.66]
Fistula 0.588
[-0.02,1.19]
0.324
Abscess [-0.35,0.99]
Fissure 0.173
[-0.62,0.97]
Any surge 0.277
y surgery [-0.22,0.77]
Extra-intestinal manifestations 1.189™
(Elm)2 [0.69,1.68]
Other major complications® [02635089]
Disease activity at enrolment
(CDAI score)®
Remission 0.000
[0.00,0.00]
. 0.143
Mild
! [0.98,1.27]
0.630
Moderate [-0.60,1.86]
cons -1.093
- [-3.11,0.92]
N 1405

aphthous oral ulcers/stomatitis, ankylosing spondylitis, sacroilitis, and primary sclerosing
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cholangitis

®Other major complications: colorectal cancer, colon dysplasia, intestinal lymphoma,
osteopenia/osteoporosis, anaemia, deep venous thrombosis, pulmonary embolism,
nephrolithiasis, gallstone, malabsorption syndrome, massive haemorrhage,
perforation/peritonitis, and pouchitis

°Crohn’s disease activity index (CDAI) categories: remission <150; mild >=150 &< 200; moderate
>=220 & <450; severe >=450

significance level at *p<0.05; **p<0.01; ***p<0.001
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A
Propensity score overlap and common support:
Early vs. late/no biologic use
T T T T T T
0 2 4 6 8 1
Propensity Score
I Control I Treated
I Treated: Off support
B

Distribution of propensity scores:
Early vs. late/no biologic use

Before matching

Kernel density
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g

i
|
|

After matching

1 145
|

Kernel density
&

]
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Propensity scores

Cantral — — —~ Treated |

Figure C1 Propensity score balance graphs (A) indicates the overlap in the estimated
propensity scores for the treatment (red) and control (blue) groups. This shows that propensity
score matching is feasible since propensity scores for patientsin the control groups
overlapped with those in the treated group. The proportion of patientsin the treatment group
whose propensity scores were above the maximum value for the control group isin green
(common support). The density plot (B) outlines the distribution of propensity scores for the
treatment and control groupsin the full sample (before matching) and inthe matched sample
(after matching). This shows significant overlap in propensity scores after matching
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Descriptive characteristics of the population before and after propensity score

matching

Table C2 Descriptive characteristics of the study population before and after propensity score

matching
Full cohort (N=1493) Matched sample (N=411)
Late/no Early biologic | p-value Late/no Early biologic | p-value
biologic use use biologic use use
(comparator) | (intervention) (comparator) | (intervention)
N=1248° N=245 N=1812 N=230
Female (N, %) 660 (53%) 123 (50%) 0.44 94 (52%) 117 (51%) 0.83
Mean (median, IQR) | 59 0 (25.6, | 32.4(27.9, 33.4(27,21- |328(@822 |
age atdiagnosis, 19.7-35.4) 22.1-39.3) <0011 49 40)
years
Eﬂlizzgg‘jg'rzrt‘lcjszt) 1199241 |14(09,05 | _ . [21(1.4,06 |14(L0,05- <0.01
17.6) 1.9) ' 3.1) 1.9)
enrolment, years
Disease location at <0.01 0.18
diagnosis (N, %)
lleal (L1) 303 (24%) 69 (28%) 62 (34%) 65 (28%)
Colonic (L2) 283 (23%) 45 (18%) 37 (20%) 45 (20%)
lleocolonic (L3) 616 (49%) 120 (49%) 81 (45%) 113 (49%)
Upper 1 (1%) 7 (3%)
gastrointestinal 5(0.4%) 8 (3%)
involvement only (L4)
Missing 41 (3%) 3 (1%) 0 0
Complications and
surgery prior to
enrolment (N, %)
Stricture 457 (37%) 48 (20%) <0.01 44 (24%) 44 (19%) 0.20
Fistula 395 (32%) 66 (27%) 0.14 34 (19%) 58 (25%) 0.12
Abscess 265 (21%) 42 (17%) 0.15 26 (14%) 37 (16%) 0.63
Fissure 101 (8%) 21 (9%) 0.80 13 (7%) 20 (9%) 0.58
Extrg—intes.tinal 320 (26%) 85 (35%6) <0.01 46 (25%) 78 (34%) 0.06
manifestations (EIM)
Surgery 672 (54%) 82 (33%) <0.01 59 (33%) 76 (33%) 0.92
Treatment use during
follow-up (N, %)*
Aminosalicylates 351 (28%) 29 (12%) <0.001 | 56 (31%) 29 (13%) <0.001
Antibiotic 377 (30%) 62 (25%) 0.13 52 (29%) 58 (25%) 0.43
Corticosteroids 759 (61%) 127 (52%) <0.01 116 (64%) 123 (53%) <0.05
Immunosuppressant | 800 (64%) 104 (42%) <0.001 | 128 (71%) 99 (43%) <0.001
Biologic agent 765 (61%) 245 (100%) <0.001 | 93 (51%) 230 (100%) <0.001
Other® 149 (12%) 18 (7%) <0.01 15 (8%) 18 (8%) 0.87
Mean (median, IQR) 5.9 (6, 3-9) 4.2 (3, 2-6) p<0.001 | 5.1 (5, 3-8) 4.3 (4, 2-7) <0.01

total follow-upin
SIBDCS, years (Mean,
SD)*

SOther drugs: Bisphosphonates, Cholestyramine, Mutaflor, Usodeoxcholic acid

257




Supplementary FilesC: Chapter 4

*Not included in propensity score matching logistic regression model

Number of patients not receiving biologic treatments (included in the late/no biologic group):
Before matching N = 483
After matching N = 88

IQR: Inter-quartile range
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Parametric time-to-event analysis

To calculate predicted annual probabilities for each event, we derived parametric sunival models.
Parametric models tested included the Weibull, lognormal, loglogistic, Gompertz, and E xponential
distributions. Appropriate models were chosen based on visual inspection of the fit of predicted

sunival cunes on non-parametric Kaplan-Meier cunes (Supplementary Files Figure C2) and the

Akaike Information Criteria (Supplementary Files Table C3).
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Used to visually assess goodness-of-fit of predicted time-to-event functions
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Figure C2 Predicted parametrictime-to-event curves (blue) fitted against Kaplan-Meier curves (red) for each treatment group and clinical outcome.
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Fistula:

Fistula:
Late/no biologic use

Early biologic use
Weibull regression

Lognormal regression

Weibull regression Lognormal regression

Survival
0 .25 5.75 1

Gompertz regression
_\ o _\ - \
[l T~
> >
z' z'
2k B

o o
0 2 4 6 8 10

analysis time

Predicted
Kaplan Meier

Exponential regression

——

Survival
0 .25 5.75 1

analysis time

Predicted

Kaplan Meier

Loglogistic regression

T

Survival
0 .25 5.75 1

T T T T T T T T T T
0 2 6 8 10 0 2 4 6 8 10
analysis time analysis time
—— Predicted

Kaplan Meier

Predicted

Kaplan Meier

analysis time

Predicted

Kaplan Meier

261

_w K _w© \
[ <]
> >
z'@ g
o o
T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
analysis time analysis time
—— Predicted —— Predicted
Kaplan Meier —— Kaplan Meier
Exponential regression Loglogistic regression
_0 \ _n \K‘
o™~ o™~
> >
[ z\
?Q 38
o o
T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
analysis time analysis time
Predicted

Kaplan Meier

Predicted

Kaplan Meier

Gompertz regression

analysis time

Predicted

Kaplan Meier




Supplementary FilesC: Chapter4

Stricture:

Stricture:
Late/no biologic use Early biologic use
Weibull regression

—=

Lognormal regression

=

Gompertz regression Weibull regression Lognormal regression

Survival
0 .25 5.75 1

Survival
0 .25 .5.75 1

o

2 4 6 8
analysis time

Predicted
Kaplan Meier

Exponential regression

Survival
0 .25 .5.75 1

o

T T T T
2 4 6 8
analysis time

Predicted
Kaplan Meier

Loglogistic regression

N _® ‘\
[l
>
=
B
o
T T T T T T T T T T T T
0 2 4 6 8 10 0 2

analysis time

Predicted

Kaplan Meier

4 6 8
analysis time

Predicted

Kaplan Meier

Survival
0 .25 5.75 1

—

o

T T T T
2 4 6 8
analysis time

Predicted
Kaplan Meier

262

Survival
0 .25 5.75 1

Survival
0 .25 .5.75 1

Gompertz regression
\ © ‘\ 0 Q\
T~ g
> >
[l z'°
ks K
o o
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 0 2

analysis time

Predicted
Kaplan Meier

Exponential regression

\\

Survival
0 .25 5.75 1

4 6 8

analysis time

Predicted
Kaplan Meier

Loglogistic regression

\%

o

2

4

6 8

analysis time

Kaplan Meier

Predicted

o

T
2

4

6 8

analysis time

Predicted

Kaplan Meier

o

2 4 6 8
analysis time

Predicted
Kaplan Meier




Weibull regression

Survival
0 .25 5.75 1

Disease flares:
Late/no biologic use

Lognormal regression

Gompertz regression

wn el
T~ g0
> >
' zwe
ks B
o o
T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
analysis time analysis time analysis time
Predicted Predicted —— Predicted
Kaplan Meier

Exponential regression

Kaplan Meier

Loglogistic regression

el wn
o~ TN
> >
] 2
aQ ag
o o
T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
analysis time analysis time
—— Predicted

Kaplan Meier

Predicted

Kaplan Meier

Kaplan Meier

263

Survival
0 .25 5.75 1

Weibull regression

Supplementary FilesC: Chapter4

Disease flares:
Early biologic use
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Table C3 Akaike Information Criteria (AIC) for parametric time-to-event models

Late/no biologic use

Early biologic use

Surgery Stricture Fistula | Disease [ Surgery Stricture | Fistula | Disease
flares flares
Weibull 154.4 212.1 142.1 395.9 257.4 283.5 271.8 532.0
Lognormal 154.7 223.3 145.3 403.2 257.0 283.4 271.4 540.3
Gompertz 159.7 208.0 143.3 396.8 257.1 284.2 271.5 531.6
Exponential 160.5 220.8 147.5 397.9 259.7 282.7 274.6 531.0
Loglogistic 154.6 216.8 141.7 403.3 257.2 283.8 271.5 541.3

*Distribution chosen based on AIC and best fit on Kaplan-Meier curves are in bold
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Subgroup analysis: Extended methods and results

Subgroup analysis: Methodology

A subgroup analysis was conducted to compare the cost-effectiveness of early vs. late biologic initiation
in the population of patients who received biologic therapies during follow-up in the SIBDCS. This
excluded patients who did not receive at least one dose of any biologic treatment during follow-up in the
SIBDCS (N=483). Remaining patients were stratified in treatment groups based on the time to initiation
of biologic treatment: early initiation was defined as starting biologic therapy within 2 years of diagnaosis
(N=245); and late initiation was defined as starting biologic therapy more than 2 years after diagnosis
(N=765). Propensity score matching was performed for this group using key baseline characteristics as
described for the base case analysis (Table C4). All subsequent analyses to derive transition
probabilities, costs and utility estimates were performed on this matched subgroup. Propensity score

matching results and descriptive statistics are outlined below.

Table C4 Subgroup analysis: Logistic regression model to derive propensity score to match
early biologic initiation group (treatment) to the late biologic initiation group (control)in the
subgroup analysis

Covariates Beta (95%Cl)
Gender

Male Ref

Female -0.384 (-0.92, 0.15)
Year enrolmentin SIBDCS

2006 Ref

2007 0.99 (-0.59, 2.58)
2008 2.05* (0.44, 3.65)
2009 1.4 (-0.22, 3.02)
2010 1.48 (-0.27, 3.22)
2011 2.24* (0.49, 3.98)
2012 2.85** (1.06, 4.64)
2013 3.19*** (1.47, 4.91)
2014 2.91*** (1.24, 4.58)
2015 4.59** (2.69, 6.50)
2016 5.54*+* (2.44, 8.63)
2017 0.000

Canton

AG Ref

AR 0.000

BE -0.18 (-2.09, 1.73)
BL 0.00
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BS 0.48 (-1.52, 2.48)
FR 0.00

GE -0.48 (-2.55, 1.60)
GR -1.64 (-4.26, 0.99)
Ju 1.26 (-1.11, 3.63)
LU -0.32 (-2.69, 2.04)
NE -0.52 (-2.81, 1.76)
NW -1.41 (-4.11, 1.30)
SG 1.14 (-3.17, 0.89)
SH 0.000

SO 1.16 (-1.45, 3.77)
sz -1.64 (-4.41, 1.14)
TG 0.000

UR 0.000

VD 0.01 (-1.94, 1.96)
ZH 0.11 (-1.86, 2.08)

Age at diagnosis

0.004 (-0.02, 0.03)

Disease location at diagnosis

L1-ileal

Ref

L2-colonic

-0.27 (-1.1, 0.52)

L3 — ileocolonic

0.15 (-0.46, 0.76)

L4 — isolated upper disease

1.61 (-1.38, 4.60)

L1+L4 0.40 (-1.78, 2.58)
L2+L4 4.28*** (2.52, 6.04)
L3+L4 0.86 (-0.42, 2.15)
Smoking status at diagnosis

Non-smoker 0.000

Smoker 0.40 (-0.17, 0.98)
Unknown 0.11 (-0.58, 0.81)

Disease duration at enrolment

-1.02%* (-1.23, -0.82)

Presence of disease complications and surgery at
enrolment

Stricture -0.34 (-1.00, 0.33)
Fistula 0.42 (-0.25, 1.09)
Abscess 0.85(-0.04, 1.73)
Fissure 0.04 (-0.89, 0.98)
Any surgery 0.11 (-0.55, 0.77)

Extra-intestinal manifestations (EIM)?

1.04** (0.40, 1.68)

Other major complications®

-1.75 (-4.15, 0.65)

Disease activity at enrolment (CDAI score)°®

Remission

Ref

Mild -0.16 (-1.35, 1.03)
Moderate -0.03 (-1.34, 1.28)
_cons -0.45 (-2.96, 2.05)
N 959
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2EIMs: peripheral arthritis/arthralgia, uveitis/iritis, pyoderma
gangrenosum, erythemanodosum, aphthous oral
ulcers/stomatitis, ankylosing spondylitis, sacroilitis, and
primary sclerosing cholangitis

®Other major complications: colorectal cancer, colon
dysplasia, intestinal lymphoma, osteopenia/osteoporosis,
anaemia, deep venous thrombosis, pulmonary embolism,
nephrolithiasis, gallstone, malabsorption syndrome,
massive haemorrhage, perforation/peritonitis, and pouchitis
°Crohn’s disease activity index (CDAI) categories:
remission <150; mild >=150 &< 200; moderate >=220 &
<450; severe >=450

significance level at *p<0.05; **p<0.01; ***p<0.001
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A
Propensity score overlap and common support:
Subgroup analysis of biologic users
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Figure C3 Subgroup analysis: Propensity score balance graphsfor (A) indicatesthe overlap in
the estimated propensity scores for the early biologic initiation (red) and late biologic initiation
(blue) groups. This shows that propensity score matching is feasible since propensity scores
for patients in the control groups overlapped with those in the treated group. The proportion of
patientsin the early biologic initiation group whose propensity scores were above the
maximum value for the control group isin green (common support). (B) Outlinesthe
distribution of propensity scores for the early biologic initiation and late biologic initiation
groupsin the full sample (before matching) and in the matched sample (after matching). This
shows significant overlap in propensity scores after matching
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Subgroup analysis: Descriptive characteristics of the sample

Table C5 Subgroup analysis: Descriptive characteristics of the population

Unmatched (N=1010)

Matched (N=337)

total follow-upin
SIBDCS, years
(Mean, SD)*

Late Early . . Early
biologic use | biologic use Late biologic biologic use
(Control) | (Treatment) p-value usel\f(_:;)fztrol) (Treatment) p-value
N=765 N=245 N=225
Female (N, %) 396 (52%) 123 (50%) 0.45 54 (48.2 %) 113(50.2%) | 0.73
gﬂgejgt((rﬂzg'na:s'i'fm 26.0(24.3, |324(79, | o . |304(263 325(27.9, | 1q
years : 18.7-32.8) 22.1-39.3) ' 20.8-37.0) 22.1-38.7) ‘
Smoking status at
diagnos?s (N, %) <0.024 0.71
Non-smoker 272 (36%) 92 (38%) 38 (34%) 84 (37%)
Smoker 320 (42%) 95 (39%) 48 (43%) 86 (38%)
Unknown 173 (23%) 58 (24%) 26 (23%) 55 (24%)
c'\ﬂz:;sgn;ﬂ:;b'r?:t) 12.2(9.8, 14309, | _y 001 |24@408 |14(0,05 | _
5.2-17.6) 0.5-1.9) 3.2) 1.9)
enrolment, years
Disease location at
diagnosis (N, %) <0.001 0.48
lleal (L1) 174 (23%) 69 (28%) 35 (31%) 63 (28%)
Colonic (L2) 178 (23%) 45 (18%) 25 (22%) 43 (19%)
lleocolonic (L3) 384 (50%) 120 (49%) 51 (46%) 112 (50%)
E:ggg Eﬁ‘;e;nly 3(0.4%) 8 (3%) 1(1%) 7 (3%)
Missing 26 (3.4%) 3(1.2%)
Complications at
enrolment (N, %)
Stricture 306 48 <0.001 | 28 (25%) 44 (20%) 0.25
Fistula 269 66 <0.001 | 25 (22%) 59 (26%) 0.44
Abscess 179 42 <0.01 14 (13%) 36 (16%) 0.40
Fissure 65 21 0.78 10 (9%) 20 (9%) 0.99
Extra-intestinal
manifestations 223 85 <0.01 31 (28%) 75 (33%) 0.29
(EIM)
Any surgery 433 82 <0.001 | 34 (30%) 77 (34%) 0.48
Mean (median, IQR) | 6.1(7,3-9) |4.2(3,2-6) |p<0.001 |5.7 (6, 3-8) 4.4(4,2-7) | <0.001

IQR: inter-quartile range
*Not included in propensity score matching logistic regression model
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Subgroup analysis: Parametric time-to-event analysis
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Figure C4 Subgroup analysis: Predicted parametric time-to-event curves (blue) fitted against Kaplan-Meier curves (red) for each treatment group
and clinical outcome. Used to visually assess goodness-of-fit of predicted time-to-event functions

Intestinal resection surgery:
Late biologic initiation subgroup analysis

Weibull regression

xx_

Survival
0 .25 5.75 1

Survival
0 .25 . 5.75 1

Lognormal regression

\

Gompertz regression

‘\

Survival
0 .25 5.75 1

analysis time

Predicted
Kaplan Meier

Exponential regression

Survival
0 .25 5.75 1

Survival
0 .25 5.75 1

o

T T T T T T
2 4 6 8 10
analysis time analysis time

Predicted

Predicted

Kaplan Meier

Kaplan Meier

Loglogistic regression

&\

analysis time

Predicted

Kaplan Meier

analysis time

Predicted

Kaplan Meier

270

Survival
0 .25 5.75 1

Survival
0 .25 5.75 1

Intestinal resection surgery:
Early biologic initiation subgroup analysis

Weibull regression

\*%e*

analysis time

Predicted

Kaplan Meier

Exponential regression

analysis time

Predicted

Kaplan Meier

Survival
0 .25 5.75 1

Lognormal regression

\——

Gompertz regression

\-\

Survival
0 .25 5.75 1

analysis time

Predicted

Kaplan Meier

Loglogistic regression

analysis time

Predicted

Kaplan Meier

analysis time

Predicted

Kaplan Meier




Survival
0 .25 5.75 1

Survival
0 .25 5.75 1

Fistula:

Late biologic initiation subgroup analysis

Weibull regression

—_—

Lognormal regression

-

Survival
0 .25 5.75 1

Survival
0 .25 5.75 1

Gompertz regression

analysis time

Predicted

Kaplan Meier

Exponential regression

\

analysis time

Predicted

Kaplan Meier

Loglogistic regression

analysis time

Predicted

Kaplan Meier

analysis time

Predicted

Kaplan Meier

analysis time

Predicted

Kaplan Meier

271

Fistula:

Supplementary FilesC: Chapter4

Early biologic initiation subgroup analysis
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Table C6 Subgroup analysis: Akaike Information Criteria (AIC) for parametric time-to-event models

Late biologic initiation group Early biologic initiation group
Surgery | Fistula | Stricture | Flare Surgery | Fistula | Stricture | Flare
Weibull 137.7 115.1 | 185.9 221.0 244.5 277.3 | 277.3 522.9
Lognormal | 138.4 112.9 | 190.6 223.0 243.6 277.1 | 277.3 530.9
Gompertz | 138.6 117.9 | 185.1 222.9 243.5 2775 | 277.9 522.6
Exponential | 137.1 119.9 | 186.0 223.3 244.6 281.4 | 276.3 522.1
Loglogistic | 138.1 113.5 | 187.8 227.0 244.1 277.1 | 277.6 531.5
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Subgroup analysis: Predicted annual probabilities
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Figure C5 Subgroup analysis: Annual probabilities of (A) intestinal resection surgery, (B) fistula, (C) stricture, and (D) disease flares over 10 years

derived from parametric time-to-event analyses
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Time to event analysis: Extended methods and results

Treatment effects for disease flares, fistula, stricture, and remission were analysed using parametric
time-to-event shared frailty models. These model was deemed appropriate for this analysis given the
panel data structure with repeated event failures over time. In shared frailty models, the hazard function
is adjusted multiplicatively assuming a gamma distribution for the frailty. Conditional predictions of the
sunvivor function, which predict the survivor function averaged over a mean frailty of 1 were generated.
A gamma distribution was assumed for the distribution of the frailty effect. Distributions were chosen
based on the fit of predicted parametric time-to-event curves to Kaplan-Meier sunvival curves (Figure

D1) and using the Akaike information criteria (Table D1).
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Figure D1 Predicted parametric time-to-event curves (blue) fitted against Kaplan-Meier curves (red) for each treatment group and health state. Used
to visually assess goodness-of-fit of predicted time-to-event functions
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Table D1 Akaike Information Criteria (AIC) for parametric time-to-event models

AlC Late/no biologic use (Comparator) Early biologic use (Intervention)
Remission | Disease Surgery | Fistula | Stricture | Remission | Disease | Surgery | Fistula | Stricture
flares flares

Weibull -422.7 395.9 154.4 142.1 212.1 -464.2 532.0 257.4 271.8 283.5
Lognormal -381.8 403.2 154.7 145.3 223.3 -439.5 540.3 257.0 271.4 283.4
Gompertz -421.0 396.8 159.7 143.3 208.0 -444.7 531.6 257.1 2715 284.2
Exponential -412.7 397.9 160.5 147.5 220.8 -415.9 531.0 259.7 274.6 282.7
Loglogistic -269.9 403.3 154.6 141.7 216.8 -338.2 541.3 257.2 271.5 283.8

*Distribution used in the base case analysis are in bold

Table D2 Parametric time-to-event model results for distributions used in the base case analysis

Late/no biologic use (comparator) Early biologic use (intervention)
N=181 N=230
(bgtcaatlgE) ?ph,aSpEe) (thFer'[zz,l th) Distribution (bgfaatlgE) (Sph,sze) (thFerg,l téE) Distribution
Remission 0.56 (0.06) -0.56 (0.04) -1.61 (0.24) Lognormal 0.70(0.04) -0.70 (0.03) -1.94 (0.27) Lognormal
Disease flares | -2.15(0.30) 0.21(0.10) -0.76 (0.35) Weibull -1.63 (0.09) N/A -0.30(0.27) Exponential
Surgery -1.47 (1.55) -1.37 (1.22) N/A Weibull 3.26 (0.33) 0.83(0.23) N/A Lognormal
Fistula 2.68 (0.19) -0.82 (0.19) 2.01(0.41) Loglogistic 3.04 (0.41) 0.83 (0.26) 1.60 (0.36) Lognormal
Stricture -4.60 (0.63) 0.59 (0.15) 0.77 (0.39) Weibull -3.05(0.18) N/A 0.79 (0.45) Exponential
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Table D3 Transition matrix for the Markov cohort model outlining possible transitionsin the base case analysis

Disease flares |Fistula Stricture Surgery Remission Death
Disease flares # p_fistula p_stricture p_surgery p_remission | life tables
Fistula p_flare H# p_stricture p_surgery p_remission | life tables
Stricture p_flare p_fistula i p_surgery p_remission | life tables
Surgery p_flare p_fistula p_stricture i p_remission | life tables
Remission p_flare p_fistula p_stricture p_surgery # life tables
Death 0 0 0 0 0 1

#: 1 minus the sum of all row probabilities
p_: time-varying transition probabilities used for each health state based on time-to-event sunival functions;

see Figure D2
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Figure D2 Annual transition probabilities by health state used in the base case analysis and extrapolated for 50 years based on parametric time-to-
event survival functions for the intervention (early biologic use) and comparator (late/no biologic use) groups
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Mortality rates

Table D4 Mortality rates for the general Swiss population in 2017 in 10-year age groups

Age group Mortality rate (%)
20- 29 0.03%

30- 39 0.04%

40 - 49 0.10%

50-59 0.28%

60 - 69 0.71%

70-79 1.86%

80- 89 6.61%

90+ 23.23%

Source: https://www.pxweb. bfs.admin.ch/pxweb/en/px-x-0102020206_102/px-x-

0102020206_102/px-x-0102020206_102.px/?rxid=f40d14c2-5353-4268-a894-b6f6464a5d3e

Labour force participation rates

Table D5 Labour force participation rates for Switzerland in 2017 in age groups

Age group % participating
20-24 80%
25-29 91%
30-34 91%
35-39 91%
40- 44 90%
45 - 49 90%
50- 54 90%
55-59 85%
60 - 64 63%
65 - 69 23%
70-74 13%
75-79 7%
80+ 3%

Source: https://stats.oecd.org/

Labour participation rates reported as a % of the economically active permanent resident population
(=15 years old) collected through the Swiss Labour Force Survey by the Federal Statistical Office
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Health care and treatment utilisation data
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Table D6 List of pharmaceuticals, and inpatient and outpatient events evaluated in this study

Drugs

Outpatient events

Inpatient events

Sulfasalazine
Oral 5-ASA
Topical 5ASA
6-Mercaptopurine
Azathioprine
Cyclosporine
Methotrexate
Tacrolimus

Metronidazole

Ciprofloxacin
Clarithromycin
Prednisolone
Methylprednisone
Deflazacort
Budesonide
Certolizumab pegol
Infliximab
Ustekinumab
Vedolizumab
Adalimumab
Golimumab
Ursodeoxycholic acid
Bisphosphonates
Mutaflor
Cholestyramine

CT scan

Colonoscopy

MRI scan
Ultrasonography
Sigmoidoscopy
Endoscopy

GP outpatient consultation

Gastroenterologist outpatient
consultation

Hospital outpatient department
consultation

Biologic agent infusions

Colostomy

General hospitalisation (per day)
Hemicolectomy

lleal resection

lleocecal resection

lleostomy

Proctectomy

Sigmoid resection

Subtotal colectomy

Total proctocolectomy
Seton, abscess drain
Fistulectomy/Fistulotomy
Fistula plug

Perianal abscess drainage
Seton drainage
Intra-abdominal abscess drainage
Fibrin glue instillation
Adhesiolysis
Appendectomy
Cholecystectomy
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Scenario analysis
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In scenario analyses, we evaluated the impact of assumptions made to derive transition probabilities

on owverall results. These are outlined in transition matrices to illustrate how these scenarios differ from

the base case analysis: (1) probabilities were evaluated conditional on previously experiencing an active

or remission state at least once (Table D7 and Table D8); (2) the probability of remission was

parameterised using the complement of all probabilities (Table D9); and (3) probabilities were derived

directly from Kaplan-Meier curves (instead of predicted parametric models) over 10 years (Table D10).

Table D7 Transition matrix used with conditional probability from remission to active health

states
Disease flares |Fistula Stricture Surgery Remission Death
]ICZI);sreeaSse 7 p_fistula p_stricture p_surgery p_remission | life tables
Fistula p_flare # p_stricture p_surgery p_remission | life tables
Stricture |p_flare p_fistula # p_surgery p_remission | life tables
Surgery p_flare p_fistula p_stricture # p_remission | life tables
Remission p_re§m|33|on_to_p_r_emlszlon_ip_remls?on_to_p_rem|s§5|on_to_ 4 life tables
lare o_fistula stricture surgery
Death 0 0 0 0 0 1

# represents 1 minus the sum of all row probabilities
p_: time-varying transition probabilities used for each health state based on survival functions

SConditional probabilities from remission to active health states were estimated from the subgroup of
patients who experienced at least 1 remission during follow-up

Table D8 Transition matrix used with conditional probability from active health state to

remission
Disease |_. . .
Fistula [Stricture [Surgery Remission Death

flares
]Ic?;sreeasse p_fistula |p_stricture [p_surgery | p_flare_to_remission® life tables
Fistula p flare # p_stricture [p_surgery | p_fistula_to_remission® life tables
Stricture  |p_flare p_fistula # p_surgery | p_stricture_to_remission® life tables
Surgery p_flare p_fistula |p_stricture W# p_surgery_to_remission® life tables
Remission [p_flare p_fistula |p_stricture |p_surgery |# life tables
Death 0 0 0 0 0 1
# represents 1 minus the sum of all row probabilities
p_: time-varying transition probabilities used for each health state based on sunvival functions
SConditional probability from active health states to remission was estimated from the subgroup of
patients who experienced the active health state at least once previously
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Table D9 Transition matrix when the complement was used to parameterise transitions to

remission
Disease flares |Fistula Stricture Surgery Remission Death

Disease flares [p_flare p_fistula p_stricture p_surgery # life tables
Fistula p_flare p_fistula p_stricture p_surgery # life tables
Stricture p_flare p_fistula p_stricture p_surgery # life tables
Surgery p_flare p_fistula p_stricture p_surgery # life tables
Remission p_flare p_fistula p_stricture p_surgery # life tables
Death 0 0 0 0 0 1

# represents 1 minus the sum of all row probabilities
p_: time-varying transition probabilities used for each health state based on sunival functions

Table D10 Transition matrix when transition probabilities were estimated directly from Kaplan-
Meier curves over 10 years

Disease flares|Fistula Stricture surgery Remission Death

Disease p_fistula_KM [p_stricture_KM_|p_surgery_KM | P_remission_K life tables

flares 10 years 10 _years | 10 years M_10 years

Fistula p_flare KM_10 4 p_stricture_ KM_|p_surgery KM | P_remission_K life tables
| years 10_years | 10_years M_10_years

Stricture p_flare_ KM_10|p_fistula_KM | " p_surgery_KM | P_remission_K life tables
| years 10_years | 10_years M_10_years

Surger p_flare_ KM_10|p_fistula_KM |p_stricture_KM_ P_remission_K life tables

gery | years 10 _years 10 years M_10 years

Remission p_flare KM_10|p_fistula_KM |p_stricture_KM_[p_surgery KM 4 life tables
| years 10_years 10_years | 10_years

Death 0 0 0 0 0 1

# represents 1 minus the sum of all row probabilities
p_: time-varying transition probabilities used for each health state based on Kaplan-Meier (KM) curves
estimated over 10 years
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One-way sensitivity analysis: Societal perspective

QALY stricture (0.64, 0.72) — [CER goes to infinity; intervention was dominated
Probability remission: Late/no biologic use* (0.20, 0.45)

Probability flare: Late/no biologic use (0.15, 0.35)

Probability flare: Early biologic use (0.11,0.25) —
——

QALY remission (0.69, 0.73)

Probability remission: Early biologic use (0.22, 0.51) — ICER goes to infinity: intervention was dominated
QALY fistula (0.61,0.74)

Cost flare: Late/no biologic use (8064, 13921)
Indirect cost active: Late/no biologic use (5616, 8423)

Cost remission: Late/no biologic use (5190, 7584)
Cost flare: Early biologic use (13220, 16442)
Probability fistula: Late/no biologic use (0.03, 0.08)
Cost stricture: Late/no biologic use (7481, 12756)
Probability surgery: Early biologic use (0.01, 0.03)
Cost remission: Early biologic use (14064, 15566)
Cost fistula: Late/no biologic use (16435, 26594)
Probability stricture: Late/no biologic use (0.12, 0.28)
Probability surgery: Late/no biologic use (0.01, 0.02)
Cost stricture: Early biologic use (15001, 20476)
QALY surgery (0.6, 0.68)

Indirect cost active: Early biologic use (2048, 3072)
Probability fistula: Early biologic use (0.01, 0.03)
Probability stricture: Early biologic use (0.03, 0.06)
Cost surgery: Early biologic use (30697, 39417)
Cost surgery: Late/no biologic use (27291, 38227)
Cost fistula: Early biologic use (16159, 22415)
QALY flare (0.63, 0.68)

Indirect cost remission: Early biologic use (548, 876)

'“““"Il'1|||“|||

Indirect cost remission: Late/no biologic use (176, 264)
CD-specific mortality rate (1.3, 1.49) Base case ICER: CHF 449,130 per QALY

0 500000 1'000'000 1'500'000 2'000'000 2'500'000 3'000'000
Incremental cost-effectiveness ratio (CHF per QALY)

Figure D3 Tornado diagram showing influence of model parameters using in the base case
analysis from the societal perspective (includesall direct health care costs and indirect costs
associated with work absenteeism); *Indicates ICER turned cost-effective — intervention
strategy dominant
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Probabilistic sensitivity analysis: Incremental cost-effectiveness scatterplot
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Figure D4 Scatterplot of incremental cost and QALY differences between the intervention and
comparator strategies for each of the 10,000 Monte Carlo simulationsin the PSA; navy circles:

health system perspective; orange circles: societal perspective; base case results indicated by
diamond
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Summary (French)

Les maladies inflammatoires chronigues de l'intestin (MICI) comprennent la maladie de Crohn (MC) et
la rectocolite ulcéro-hémorragique (RCUH). Ces affections chroniques du tractus gastro-intestinal
pésentlourdement surla santé des individus et surles codts du systeme de santé. L’accessibilité accrue
aux médicaments hiologiques s'est révélée prometteuse pour améliorer les résultats de santé et réduire
le recours aux stéroides et a la chirurgie; toutefois, les implications cliniques et financiéres de leur
utilisation a long terme doivent étre clairement établies. Le but de cette these a été d’évaluer les colts
et le rapport colt-efficacité associés aux biologiques utilisés pour traiter les MICI en Suisse. Les études
conduites s'appuient sur des méthodes statistiques et économétriques appliquées aux données du
monde réel de la Swiss IBD Cohort Study et aux données liées aux demandes de remboursemernt.
L’analyse du fardeau économique des MICI a permis d’estimer les colts de santé moyens par patient
et par an a CHF 10'553 pour la MC et CHF 6'334 pour la RCUH. Entre 2006 et 2016, les dépenses ont
augmenté en moyenne de 7% par an pour la MC et 10% pour la RCUH. Les dépenses liées aux
hospitalisations et soins en ambulatoire, ainsi que les co(ts indirects associés a l'absence au travail,
sont restés stables dans cette période. L’analyse a mis en évidence un changement important dans la
prise en charge des MICI en faveur d'une utilisation accrue des médicaments biologiques.

Dans la MC, de nouvelles stratégies thérapeutiques suggérent I'utilisation précoce de biologiques pour
obtenir une guérison muqueuse et modifier la progression de la maladie a long terme. Cette thése a
montré que les patients avec MC traités par biologiques dans les 2 années suivant le diagnostic
n'avaient pas de modification significative de la progression de leur maladie a long terme, ni du taux de
recours a la chirurgie, comparativement a des patients a caractéristiques similaires n’ayant pas recu de
biologiques ou en ayant recu plus de 2 ans aprés le diagnostic. En outre, awoir eu un biologique
précocement, en comparaison avec un biologique tardivement/pas de biologique a été associé a des
colts cumulatifs plus élevés (CHF 384'607 versus CHF 340'800) et a des améliorations mineures de la
qualité de vie (QALY: 16.84 versus 16.75). Cette stratégie n'était donc pas été rentable d’'un point de
wie colt-efficacité, le ratio colt-efficacité incrémental (ICER) dépassant les seuils acceptables du paint
de we du systeme de santé Suisse (CHF 887'450 par QALY) et sociétale (CHF 449130 par QALY).
Toutefois, dans un sous-groupe de patients ayant regu un traitement biologique, l'initiation précoce a
amélioré les résultats cliniques et s'est révélée plus rentable que l'initiation tardive. En outre, Iutilisation
future de biosimilaires, dont le prix est plus bas, pourraient contribuer a contenir 'augmentation des
colts et a améliorer le rapport codt-efficacité des stratégies précoces.

Cette thése souligne la nécessité d'identifier les caractéristiques pouvant influencent le pronostic de la
maladie afin de stratifier les patients et cibler les stratégies de traitement agressives sur ceux qui en
bénéficieraient le plus. De plus, une suneillance plus étroite de l'efficacité des traitements pourrait
permettre de prendre des décisions en temps opportun et assurer une meilleure gestion de la maladie.
Plus généralement, ce travail contribue au développement de méthodes utilisant des données du monde
réel pour évaluer les résultats de santé a long terme et les aspects colt-efficacité. Il souligne
limportance d'une éwvaluation continue du rapport codt-efficacité des nouveaux produits
pharmaceutiques pour assurer l'optimisation de I'utilisation des ressources du systeme de santé.
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