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Abstract

University of Southampton
Faculty of Medicine
Clinical and Experimental Sciences

Thesis for the degree of Doctor of Medicine

Clinical outcomes and patient experience of biosimilar to biosimilar
infliximab switching in patients with inflammatory bowel disease

Background & aims:

Regulatory pathways compare biosimilars with originator molecules only and not with other
biosimilars. With the development of multiple infliximab biosimilars, patients may be asked to
transition between them. Data is emerging but there is still a gap in the evidence on
switching between infliximab biosimilars. Our aim was to conduct a full evaluation of
switching a cohort of IBD patients from one biosimilar (CT-P13) to another (SB2) in a real-
world setting including clinical, patient experience, molecular and drug immunogenicity
aspects of the process. The study was sponsored by University Hospital Southampton NHS

Foundation Trust and financially supported by Biogen Idec Limited.
Method:

Prospective, phase |V interventional study of patients on CT-P13 switched to SB2.
Demographics, disease history, validated disease activity scores, patient reported outcome
measures and laboratory measurements were collected. Semi-structured qualitative

interviews were also conducted.
Results:

133 out of 158 patients agreed to participate. Thirty-five subjects discontinued. Mean

disease duration was 9.2 years. There was no difference in mean haemoglobin, platelet



count, albumin and C-reactive protein before and after switching. Mean faecal calprotectin at
baseline and at week 30/32 was 306ug/g versus 210ug/g. Mean partial Mayo Clinic Score
and modified Harvey Bradshaw Index at baseline were 1.54 and 3.14 versus 1.18 and 2.91
at week 30/32 respectively. There were 16 serious adverse events. Thematic analysis of
interview transcripts from 26 participants identified six major themes that reflected the
patient experience — trust, clinical status at the point of switching, past experience, general

disposition, information provision and concerns/anxiety.
Conclusions:

Switching from CT-P13 to SB2 is safe and effective. Certain factors must be considered in
supporting patient decision-making and enabling trust in the process. The results from this
study support the development of a clear, stream-lined and well-monitored biosimilar

switching programme.
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Chapter 1 Introduction

1.1 Inflammatory bowel disease

Inflammatory bowel disease (IBD) is a group of chronic inflammatory conditions of the
gastrointestinal tract. The two main types are Crohn’s Disease (CD) and ulcerative colitis
(UC). The incidence and prevalence of IBD continues to increase with time with a current
prevalence of 0.5% of the general population in Western countries(1). CD can affect the
entire gastrointestinal tract from the mouth to the anus although it has a propensity for the
terminal ileum. It is characterised by transmural granulomatous inflammation and can lead to
the formation of strictures and/or fistulae. UC only affects the large bowel and is
characterised by inflammation and ulceration of the colonic mucosa extending proximally
from the rectum(2, 3). A small proportion of patients with UC can present atypically and have
rectal sparing disease although this is more common in CD(4). Patients with UC typically
experience a waxing and waning course of their disease. IBD-unclassified (IBDU) is a label
given to 5-15% of patients with IBD when it is not possible to distinguish the endoscopic and
histological findings as either CD or UC(5). There are an estimated 2.5-3 million people in
Europe alone who are affected by IBD with an estimated direct healthcare cost of 4.6-5.6
billion euros per year(6). This represents a global public health problem because of the
chronicity of the disease, with no increased mortality, and the need for expensive treatments

and surgeries.

1.2 Pathogenesis

The exact cause of IBD remains unknown. However, in recent years significant progress has
been made in our understanding of the disease process. Immunological abnormalities
triggered by genetic and environmental factors, in particular the gut microbiome, are thought
to be important in its pathogenesis (7). The intestinal immune system consists of innate and

adaptive responses. It is a complex system that aims to protect the gut against pathogenic



invasion but at the same time tolerate commensal flora. The intestinal epithelium is a single-
cell layer that forms the surface of the small and large intestine and separates the tissue
from the luminal content. It is made of intestinal epithelial cells (IEC). The role of the IEC is
to act as a physical and biochemical barrier and protect from invading pathogens, antigens
and toxins but at the same time allow the passage of nutrients and water. Disintegration of
this cell layer and loss of this protection can lead to intestinal inflammation like we see in
IBD(8). Intestinal homeostasis is thus achieved by intricate interactions between the

microbiota, the intestinal epithelium and the host immune system.

The innate immune response is rapid but offers no immunological memory. It consists of
anatomical barriers, toll-like receptors, immune cells (including neutrophils, monocytes,
macrophages, dendritic cells and natural killer T cells) and cytokines that all respond to
invading microbes by producing a rapid inflammatory response. The innate immune system
activates the adaptive immune response which in contrast is pathogen specific and
mediated by a T-cell response. This response is delayed and can take up to seven days to
develop. IBD is strongly immune mediated(9). Th1 cells secrete interferon(IFN)-gamma and
tumour necrosis factor (TNF). Macrophages and dendritic cells produce interleukin(IL)-12.
These cytokines are induced by IL-12 and thought to be associated with CD(10). Th2 cells

secrete IL-4, IL-5 and IL-13 and are induced by IL-13 and are linked to UC(11).

Carswell et al first described TNF-alpha in 1975 when studying tumour regression and
necrosis in the sera of mice(12). TNF-alpha has been extensively studied and is well known
to be one of the most significant pro-inflammatory cytokines in a wide range of pathological
conditions including infection, injury, inflammation and tumour development(13). It exerts its
effects by controlling cellular processes such as cell proliferation, survival and death. Over
production of TNF-alpha in patients with IBD leads to a pro-inflammatory response which

dysregulates immune cells and leads to tissue damage(14, 15). Targeting TNF-alpha in the



management of IBD was one of the major breakthroughs in treatment and will be discussed

later in this chapter.

A positive family history is a well-known risk factor for IBD which supports the genetic
contribution to the pathogenesis of IBD. Familial concordance in monozygotic twins is higher
in CD (30-35%) compared to UC (10-15%)(16). Genome-wide association studies have
successfully shown genetic risk loci for IBD with multiple shared between CD and UC(17,
18). Nucleotide-binding oligomerisation domain 2 (NOD2) gene, previously known as
caspase recruitment domain-containing protein 15 (CARD15), located on chromosome 16
was the first gene found to be associated with CD(19). Approximately a third of patients with
CD have a mutation in NOD2 and these patients often present earlier with a more
aggressive disease phenotype(20, 21). NOD2 is also closely associated with the regulation

of both the innate and adaptive intestinal immune system(22).

One of the key points genetic research has highlighted is that genetic susceptibility alone is
not enough to manifest disease. There are other key non-genetic risk factors that are
implicated, of which the diversity and composition of the microbiome is one of the most
important(23). The gut microbiome consists of bacteria, fungi, viruses and protozoa.
Firmicutes, Bacteroides, Proteobacteria and Actinobacteria are the four main phyla of
bacteria. The colon has the highest diversity and number of species(24). Both CD and UC
commonly present in areas of the gastrointestinal tract with the highest concentration of
microbiota such as the colon and terminal ileum. Dysbiosis is the imbalance in the
composition of the gut microbiome. It is not clear if dysbiosis is a cause or a result of IBD.
However significant changes in the gut microbiota have been associated with IBD(23). Many
of the other environmental factors linked to the pathogenesis of IBD are intimately related to
the microbiome and dysbiosis. These include but are not limited to early antibiotic use,

smoking, diet, exposure to gastroenteritis and breast-feeding.



1.3 Clinical features

Diarrhoea, abdominal pain and weight loss classically occur in most patients with CD. In
active disease patients can also experience lethargy, malaise, fever and loss of appetite.
However, the presentation is largely influenced by the site of disease, as in perianal CD
which can present with perianal pain, recurrent abscesses and fistulae. The cardinal
symptom of UC is bloody diarrhoea and the passage of mucous per rectum. Other
symptoms include systemic features of weight loss, fever and malaise as like CD. It can also
present acutely as acute severe UC (ASUC), a life-threatening medical emergency with
significant morbidity(25). ASUC is defined by the Truelove and Witts criteria and requires
immediate treatment and prompt consideration of colectomy if medical therapy fails(26).
Truelove and Witts criteria include: number of bloody stools per day, pulse, temperature,
haemoglobin and erythrocyte sedimentation rate to assess severity. Patients with IBD can
also present with extra-intestinal manifestations of the disease linked to the skin, eyes, joints
and hepatobiliary system. Some are directly related to disease activity like aphthous
ulceration, erythema nodosum and episcleritis. Others are independent of active disease, for

example sacroiliitis and small joint arthritis.

1.4 Disease classification

Crohn’s disease can be classified according to the Montreal classification based on age at
diagnosis (<16, 17-40, >40), location (ileal, colonic, ileocolonic and upper gastrointestinal
tract disease) and behavior (non-stricturing or penetrating, stricturing, penetrating and
presence of perianal disease) of disease. UC can also be classified using the Montreal
classification which looks at the extent of the disease only (proctitis, left sided and
extensive)(27). The macroscopic extent of disease in UC is important as it guides

management and prognosis especially in terms of the risk of dysplasia(28).



1.5 Clinical disease activity

There are several research tools available to assess disease activity in IBD. In CD, two
common tools are the Crohn’s disease activity index (CDAI) and the Harvey-Bradshaw Index
(HBI)(29-31). The CDAI was developed in 1976 and consists of eight domains which have

individual weightings and are totalled to provide a score as shown in the table below (

Table 1). A CDAI <150 indicates clinical remission, 150-219 mild disease, 220-450 moderate

disease and >450 severe disease.

Clinical or laboratory variable Weighting
factor

Total number of liquid/soft stool each day for 7 x2

days

Average daily rating for abdominal pain each x5

day for 7 days

(0=none, 1=mild, 2=moderate, 3=severe)

Average daily rating for general well-being each X7

day for 7 days

(O=generally well, 1=slightly under par, 2=poor,
3=very poor, 4=terrible)

Anti-diarrhoeal use x30
Presence of an abdominal mass x10
(0=no, 1=questionable, 2=definite)

Haematocrit X6

Presence of complications x20
(One point for each complication)

Percentage deviation from standard weight x1

TOTAL

Table 1: Crohn's Disease Activity Index (CDAI)

The validity of the CDAI has been vigorously verified and is considered the gold standard.
However, there are problems with this score(32, 33). Firstly, several of the domains used to
calculate the score are highly subjective which can affect the reliability. In addition, the CDAI
requires a seven-day period of diary data from patients which is often not accurate and also
can prove difficult in day to day clinical practice. The CDAI is also not applicable to patients
with ileostomies or colostomies. Finally, the correlation between the score and objective
markers of disease such as endoscopic evaluation and biomarkers is not well described.

The HBI on the other hand is more commonly used and was designed as the CDAI was



considered too complex. The HBI provides a score based on a patient’s general wellbeing,
severity of abdominal pain, number of liquid stools, presence of an abdominal mass and
complications related to CD. The subjective symptoms are based on the 72 hours prior to
calculating the score. The modified HBI (mHBI) is a tool used which excludes the physical
examination aspect and can therefore be calculated by the patient themselves. The Mayo
Clinic Score (MCS) has four components and is commonly used to asses disease activity in
UC(34). It takes in to account stool frequency, rectal bleeding, a physician’s global
assessment (PGA) and an endoscopic assessment of mucosal inflammation. This score is
simple and easy to use. However, it has not been fully validated. A partial Mayo Clinic Score
(pPMCS) that does not include the endoscopic evaluation has also been developed for use in
UC as this is not always feasible(35). The mHBI and pMCS tools are discussed in more

detail later in this thesis.

The above tools measure severity in terms of clinical and endoscopic markers. Increasingly
there has been importance placed on patient reported outcome measures (PROM) which
are standardised and validated surveys filled in by patients. Tools such as the CDAI and HBI
are unable to objectively capture a patient’s perspective of their health condition. PROMs on
the other hand are measures that come directly from the patient with no interpretation of
their response by a clinician or other individual(36). The major benefit of these assessments
is in supporting patient-centred care and thus providing a good quality IBD service. This

study used the IBD Control PROM which is discussed in more detail in chapter 3.

1.6 Investigations

In clinical practice the diagnosis of IBD is based on a combination of clinical, endoscopic,
radiological, biochemical and histological features. These should allow the differentiation

between the two conditions and allow a diagnosis to be made. All patients with a new



diagnosis of IBD should be fully investigated to establish the extent and pattern of disease.
lleocolonoscopy with mapping biopsies is the mainstay of both diagnosis and assessment of
IBD. Several scoring systems exist to aid endoscopic assessment by quantifying mucosal
appearances and behavior with an aim to standardise reporting. The CD Endoscopic Index
of Severity (CDEIS) and the Simplified Endoscopic Activity Score for CD (SES-CD) are two
systems used in both clinical practice and research for CD(37). The SES-CD is much less
complex to calculate compared to the CDEIS and therefore easier to use. It assesses the
size of mucosal ulceration, affected surface, endoscopic extension and the presence of
stenosis. Rutgeerts score is used to assess for recurrence of CD at the neo-terminal ileum
post-surgery(38). If upper Gl tract CD is suspected then endoscopic evaluation is indicated
to aid diagnosis. Small bowel capsule endoscopy (SBCE) can also be used to assess the
small bowel in CD(39). The Mayo Clinic endoscopy sub score is a commonly used scoring
system for UC which classifies disease activity in to normal, mild, moderate or severe based
on the most severely inflamed part of the colon macroscopically. Another scoring system
used to assess UC is the Ulcerative Colitis Endoscopic Index of Severity (UCEIS) which

looks at three descriptors: vascular pattern, bleeding and ulceration(40).

According to the British Society of Gastroenterology (BSG) guidelines samples should be
taken from the ileum, at least four colonic sites and the rectum with a minimum of two biopsy
samples from each(41). Ideally there should be areas of both normal and abnormal mucosa.
Histological assessment, in conjunction with endoscopic and clinical findings, is valuable for
a number of reasons. These include confirming the diagnosis of IBD, differentiating between
CD and UC, assessing disease extent/activity and excluding other non-IBD mimics as well
as dysplasia. Typical findings in UC include distortion of crypt architecture, crypt abscess,
inflammatory infiltrates and mucin depletion with the findings limited to the mucosa.
Conversely CD shows transmural involvement and mucosal discontinuity with ‘skip lesions’.

There are also typically the presence of granulomas to distinguish CD from UC(42).



Radiological investigations again complement endoscopic findings, especially in CD to
establish the presence of more proximal small bowel involvement. Cross-sectional imaging
including computed tomography (CT) and magnetic resonance imaging (MRI) as well as

ultrasonography are all used in the assessment of the small bowel in CD(43, 44).

1.7 Treatment

Treatment is aimed at achieving long-term control by gaining complete clinical, biochemical,
histological and endoscopic remission by tailoring evidence-based strategies to individual
cases. There is no consensus on the definition of remission and in more recent years the
concept of mucosal healing as a treatment target has been considered. However, this puts
considerable burden on endoscopy departments, patients themselves and healthcare

systems due to the need for regular endoscopic assessment.

1.7.1 Medical management

There are two aims in the medical management of IBD — firstly to induce remission of active
disease and then to maintain that remission and prevent further ‘flares’ of disease. There are
now five classes of drugs used in the treatment of IBD which include 5-aminosalicylates (5-
ASA), corticosteroids, immunomodulators, biologics and small molecules. The approach to
medical management is dependent on the severity of each individual case but broadly can
take a “bottom-up” (for mild disease) or “top-down” (for aggressive disease) approach with

early use of advanced therapies in the course of the disease.

A combination of oral and topical 5-ASA is the standard treatment for mild to moderate UC.
5-ASAs are chemically related to aspirin and aim to dampen down the inflammatory

response in order to allow healing. Mesalazine is the most widely used preparation and is



generally well tolerated compared to sulfasalazine. Side effects of mesalazine include
nausea, diarrhoea, abdominal pain and headache. 5-ASAs can be nephrotoxic and so
baseline renal function must be checked and then monitored regularly(45). Although
historically 5-ASAs were used in the treatment of CD they have no role now with increasing

evidence to show a lack of efficacy of these drugs in CD(46).

Corticosteroids can be administered orally and intravenously and have been extensively
studied and used for the induction of remission in IBD since the 1950s(26). The major
concern with steroids is the significant side effect profile which includes but is not limited to
the development of opportunistic infections, diabetes mellitus, hypertension and
osteoporosis(47). Drugs such as budesonide, which are second generation oral
corticosteroids, are becoming much more popular. Their role is in the treatment of mild to
moderate IBD. The aim with these drugs is to deliver the drug to the site of inflammation and

therefore reduce systemic side effects(48).

Immunomodulators are drugs used for the long-term treatment and maintenance of
remission in patients with moderate to severe IBD. Largely they include thiopurines,
methotrexate (MTX) and calcineurin inhibitors. MTX is not used in UC(49).
Immunomodulators can be used alone, although this is less fashionable now, or more

commonly in combination with biologics to reduce the risk of immunogenicity.

Biological drugs are products that are derived from or contain components of living
organisms. They are a diverse group of medicines that are generally proteins purified from
living culture systems and include vaccines, growth factors, immune modulators and
monoclonal antibodies. They are produced by a biological process, versus a chemical one,

and target specific parts of the immune system that trigger inflammation. There are multiple



biologics available for physicians to use to treat patients with IBD in clinical practice. These
include anti- TNF-alpha molecules (infliximab (IFX), adalimumab, golimumab and
certolizumab), anti-integrin molecules (vedolizumab) and anti-interleukin molecules
(ustekinumab, risankizumab, mirikizumab). The main focus of this thesis is the use of

biosimilars of infliximab and this will be discussed in more depth in Chapter 2.

As our understanding of the mechanisms involved in the pathogenesis of IBD have evolved
there has been increasing interest in new small molecules drugs (SMD). SMDs are organic
compounds that have a low molecular weight of <900 Daltons. They rapidly diffuse across
cell membranes and are absorbed into the systemic circulation(50). SMDs are orally
administered, have a rapid onset of action, are more stable in terms of their structure and
have a short half-life. This is particularly useful when rapid drug elimination is required such
as pre-surgery or with concurrent infection. These drugs also have more predictable
pharmacokinetics and immunogenicity is not an issue. The main SMD in use in IBD are the
Janus Kinase (JAK) inhibitors with tofactinib, filgotinib and upadacitinib currently licensed for

use in IBD.

Nutritional therapy can also be used in the treatment of IBD. Primarily this is used in
paediatric populations with robust evidence for inducing remission as well as promoting
growth(51). Exclusive enteral nutrition (EEN) is guided by specialist dietitians and involves a
complete liquid diet, as the sole source of nutrition, for a prolonged period of up to 12 weeks.
These can be elemental (individual amino acids), semi-elemental (peptides) or polymeric
(intact proteins). The main drawback to enteral nutrition is the palatability and tolerance by
patients. The exact mechanism of EEN is not clear although there is increasing evidence to

suggest it alters the microbiome to re-establish intestinal homeostasis(52).
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1.7.2 Surgical management

Clearly there are now extensive medical treatment options available for patients with IBD
compared to several years ago. However, the option of surgical management is still present
and must not be overlooked. In fact, the timing of surgery can be critical and delays due to
further trials of medical therapies can be catastrophic for patients. The specific procedures
pertaining to the surgical management of CD and UC will not be discussed in this thesis as
this is an extensive subject with no specific implications on biosimilar switching which is the

focus of this thesis.

1.8 Structure of thesis

This thesis is based on the IBD Biosimilar to Biosimilar Switching Study (iBiSS) which is a
prospective, single-centre, phase IV interventional study conducted at University Hospital
Southampton. Recruitment started in August 2018 and the final follow-up visit was in
February 2020. The results of this study are presented in two sections. The first section
looks at the quantitative data from the switch and the second analyses the data from the

nested qualitative study of the patient experience of switching.

1.9 Hypothesis and objectives
Hypothesis:

There is no difference in clinical outcomes for adult patients with IBD treated with infliximab

who are switched from one biosimilar of infliximab (CT-P13) to another (SB2).
Objectives:

- To evaluate the clinical outcome of switching a cohort of patients with IBD from CT-
P13 to SB2 at week 30/32 using validated disease activity scores (pMCS for UC and

mHBI for CD), patient reported outcome measures (IBD Control PROM) and
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laboratory measurements (full blood count [FBC], C-reactive protein [CRP], albumin

and faecal calprotectin[FC])(30, 35, 53, 54).
- To evaluate the safety of switching from one biosimilar to another.

- To assess drug trough levels and evaluate the risk of developing immunogenicity

after switching.

- To explore the patient experience of switching medication including their general

beliefs about their condition and treatment.

1.10 Thesis timeline

| started my Clinical Research Fellow post at University Hospital Southampton (UHS) NHS
Foundation Trust in 2018 at which point this project was a concept that required much
development. | was appointed as lead Research Fellow for the project and registered with
the University of Southampton (UoS) for a Doctor of Medicine to be completed based on this
work. In March 2020, as a result of the outbreak of the coronavirus disease 2019 (COVID-

19) pandemic, work slowed as | was re-deployed to the wards for several months.

| successfully submitted and passed my first progression review in May 2021 and shortly
afterwards suspended my candidature whilst | was on maternity leave with my second
daughter Miri. | returned to clinical training in April 2022 and have continued my research
alongside this. | completed clinical training and obtained my Certificate of Completion of
Training (CCT) in Gastroenterology and General Internal Medicine in June this year. In
September this year, | started my consultant job at the Royal Hampshire County Hospital in
Winchester having had a three month break in between jobs which gave me dedicated time

to bring my thesis together.
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Admittedly, my progress has waxed and waned during my candidature as | have balanced
my research deadlines with clinical work and family life. Despite this | have completed all the
required milestones and progression reviews and have submitted my final thesis as planned
at the end of my candidature with no extensions to this deadline other than for maternity

leave. The timeline below outlines my progress whilst conducting this Doctor of Medicine

(Figure 1).
Third progression review
Switched to nominal registration
Confirmation review report End of candidature
p——-s e i = e o e L S G i = S S e =L il 2
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

] ! " a CCT in Gastroenterology/General Internal Medicine
Blss: Ssyaiis Return to clinical training

Joined UHS as Clinical Research Fellow

Figure 1: Thesis timeline
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Chapter 2 Literature review

2.1 Infliximab

IFX is a chimeric, human-murine monoclonal antibody (mAb) against the pro-inflammatory
cytokine TNF-alpha and is a highly effective treatment for IBD. IFX was the first anti-TNF to
be approved by the United States (US) Food and Drug Administration (FDA) and the
European Medicines Agency (EMA) in 1998 and 1999 respectively(55, 56). The introduction
of these targeted biological therapies has significantly improved the outcomes of patients
with IBD as well as other immune-mediated inflammatory disorders (IMID). However, these
biological medicines were under patents which were expensive(57). This was a barrier to all
patients who might benefit from these treatments having access to them. The expiry of the
patents on these drugs has allowed the development of biosimilar molecules(58, 59).
Remicade, marketed by Janssen Biotech, is the trade name of originator infliximab and
came off its patent in February 2015 in Europe and September 2018 in the US(60).
Originator adalimumab was marketed by AbbVie as Humira and came off patent in Europe

in October 2018(61).

2.2 Biosimilars

Biosimilars are biological medicines which were developed to be highly similar to the active
substance of another biological product, also known as the reference or originator medicine,
at a lower cost. However, due to the nature and complexity of how biologics are
manufactured, they are impossible to replicate exactly. Unlike generic small molecule
medications such as paracetamol or aspirin, biological drugs are derived from living cells or
organisms using recombinant DNA technology and are relatively large, complex proteins.
These engineered living cells make numerous copies of the therapeutic protein with the
same primary amino acid sequence. However, very small changes can occur to these amino

acids during manufacture through a process known as post-translational modification (PTM).
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PTMs can change the functional diversity of the molecule by adding proteins, cleaving
regulatory subunits or degrading entire proteins. These include, but are not limited to
phosphorylation, glycosylation, methylation, acetylation and proteolysis. The resulting
molecule is therefore slightly different to the reference. The aim therefore in development of
these products is to demonstrate high similarity in terms of structure, biological activity,

efficacy, safety and their immunogenicity profile under a defined regulatory pathway.

The FDA and EMA have developed a specific biosimilar regulatory pathway which has
assessed >50 biosimilar products since 2006(62, 63). This process, which includes >200
separate assays, demonstrates that the performance and characteristics of a biosimilar
product lie within certain strict parameters. The process ensures comprehensive
physicochemical and biological characterisation of the molecule and ensures the biosimilar
drug has no clinically meaningful difference when compared to the reference molecule. An
important part of this regulatory pathway to be noted is that it compares the biosimilar

product with the originator only and not with other biosimilars.

CT-P13, manufactured by Celltrion, was the first of the four biosimilars of IFX approved by
the EMA in 2013. It was approved for use in the same indications as originator IFX, CD and
UC. SB2, manufactured by Samsung Bioepis, was the second biosimilar of IFX approved by
the EMA. SB2 is a chimeric human-murine monoclonal IgG1 antibody. Preclinical studies
showed that SB2 was comparable in terms of structural, physicochemical and biological
properties to reference IFX although it was acknowledged there were a number of clinically
non-significant differences between the molecules(64, 65). These included differences in the
primary structure, higher-order structure, glycosylation, aggregation, fragmentation, charge
heterogeneity, Fab-related biological activity and Fc-related biological activity. These are

summarised below in
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Table 2 adapted from the original paper by Hong et al (2017).

Category

Attribute

Assessment

Primary structure

Molecular weight

Amino acid sequence

Terminal sequence

Methionine oxidation

Deamidation

C-terminal and N-terminal variants
Disulfide linkage mapping

Similar to reference product

Higher-order
structure

Protein secondary and tertiary structure

Similar to reference product

Glycosylation

N-linked glycosylation site
determination

N-glycan identification and profile
analysis

Minor differences observed but
not clinically meaningful

biological activity

| Aggregation Soluble aggregates Similar to reference product
Fragmentation Low molecular weight Similar to reference product
Charge Acidic variants Minor differences observed but
heterogeneity Basic variants not clinically meaningful
Fab-related TNF-alpha neutralisation and binding Similar to reference product
biological activity | activity
Fc-related Multiple Fc-related binding Similar to reference product

Table 2: Comparison of SB2 to originator IFX in terms of structural, physicochemical and biological properties. Adapted

from Hong et al (2017).

Choe et al (2017) conducted a randomised, double-blind, multinational phase Il trial in adult

patients with moderate to severe rheumatoid arthritis despite MTX therapy. The primary

efficacy endpoint was the proportion of patient who achieved at least a 20% reduction in the

American College of Rheumatology (ACR) scores (a scale to measure changes in

rheumatoid arthritis symptoms) after 30 weeks of treatment. SB2 and reference IFX

demonstrated equivalent efficacy(66). Further work also showed that safety and tolerability

of SB2 were consistent with reference IFX(67-69). The EMA Committee for Medicinal

Products for Human Use reviewed SB2 and concluded that it was comparable in terms of

quality, safety and effectiveness to the originator IFX Remicade and it was therefore given

marketing authorisation in 2016(66-70).
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The availability of these biosimilar products has led to increasing drug acquisition cost
competition. In the United Kingdom, the NHS list price for Remicade is £419.62 per 100mg
vial. The price for a 100mg vial of Remsima is £377.66 and Flixabi is £377.00. This has
raised the possibility of patients being asked to transition from one biosimilar product to
another. Interchangeability, as described by the EMA, refers to the possibility of exchanging
one medicine for another with the expectation that it will have the same clinical effect(63).
This can either be by ‘switching’ which is a prescriber decision or by ‘substitution’ which is at
pharmacy level and is independent of the prescriber. The EMA does not make
recommendations on the interchangeability of biosimilars. This decision is left at individual
member state level due to different national health systems and budgets. They only compare
the originator with the biosimilar in question and do not compare with other biosimilar

molecules.

At the inception of this study, the bulk of the literature on CT-P13 and SB2 compared these
biosimilars of IFX to the originator molecule (Figure 2). The body of research pertaining to
this type of switching is vast and a systematic review of the data is beyond the scope of this
thesis. The original trials looking at originator to biosimilar switching were conducted in
patients with ankylosing spondylitis and rheumatoid arthritis (with an inadequate response to
MTX) being switched to CT-P13. These two trials, the PLANETAS and PLANETRA studies,
concluded that CT-P13 demonstrated equivalent efficacy to originator IFX at week 30. The
pharmacokinetic profile and immunogenicity were also comparable. In addition, the
biosimilar was well tolerated and safe(71, 72). Since then multiple peer-reviewed studies
have been published looking at originator to biosimilar (both CT-P13 and SB2) switching in a
wide range of IMID. These have provided an abundance of good quality data which has
given clinicians the confidence to switch their patients. They are also further supported in

their clinical practice by the official position statements released, based on the evidence, by
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bodies such as the European Crohn’s and Colitis Organisation (ECCO) and the BSG(49,
73). In contrast, there were far fewer studies on biosimilar to biosimilar switching and

certainly no policy documents from the main governing bodies.

/[ CT-P13 \‘-.,4_ ___________ / SB2 \
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Figure 2: European Medicines Agency approved biosimilars of infliximab and level of evidence to support their use at
the inception of iBiSS in 2018

In this chapter | will first review the current evidence base for this type of switch and then
provide an overview of the research problem and the rationale for this project. The second
part of this literature review will look at the available literature on the experiences of adult

patients with IBD, as well as other IMID, having their biologic medication switched.

2.3 Biosimilar to biosimilar infliximab switching

| used the PICO-S framework as below to frame my research question to facilitate the first

part of this literature search(74). This framework is primarily used for quantitative research.
Patient/population Adults with IBD or other IMID

Intervention On infliximab

Comparison Biosimilar (CT-P13) versus biosimilar (SB2)
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Outcome Ascertain if they are equivalent in terms of clinical outcomes
Study design Randomised controlled trials, observational studies

Research question: Is there a difference in clinical outcomes for adult patients with
immune mediated inflammatory disorders who are switched from one biosimilar of

infliximab (CT-P13) to another (SB2)?

This literature review was performed using the Pubmed, Medline and Embase databases.
The search was conducted in two parts — for IBD related studies and non-IBD related ones.
The key search terms used for the studies related to IBD were (inflammatory bowel disease*
OR Crohn’s OR ulcerative colitis OR IBD) AND (infliximab OR CT-P13 OR SB2) AND
(biosimilar*) AND (switch*). The Medical Subject Heading (MeSH) terms were used for all
databases and all MeSH terms were exploded. Studies were excluded if there was no clear
evidence of a switching process from one biosimilar of IFX to another biosimilar in the
methodology. The initial search identified 20 studies in IBD. This search is illustrated in the
PRISMA flowchart below (Figure 3)(75). Of those, ten were excluded on review with the

reasons shown in Table 3.

Records identified from: Records removed due to duplication

Databases (n = 184) (n=23)

Identification

Other sources (n=0)

Abstracts screened Records excluded
(n = 161) (n=143)

4

= Reports sought for retrieval Reports not retrieved

@

o (n=20) (n=0)
Full-text articles assessed for eligibility Reports excluded
(n= 20) (n=10)

b Studies included in review

=

.E (n=10)

Figure 3: PRISMA flowchart — Biosimilar to biosimilar infliximab switching in IBD
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Authors Year Reason for exclusion

Schulze-Koops et | 2017 Review article

al

Danese et al 2017 Review article

Moots et al 2017 No evidence of biosimilar to biosimilar switch
Gargallo et al 2017 Review article

Azevedo et al 2017 No evidence of biosimilar to biosimilar switch
Fiorino et al 2018 No evidence of biosimilar to biosimilar switch
Katsanos et al 2018 Letter in response to Fiorino et al article
Milassin et al 2019 No evidence of biosimilar to biosimilar switch
Queiroz et al 2020 No evidence of biosimilar to biosimilar switch
Gisondi et al 2020 Not IBD. Included in review of non-IBD studies

Table
3.

Articles excluded from analysis with reasons for exclusion - Biosimilar to biosimilar infliximab switching in IBD.

2.3.1 Biosimilar to biosimilar infliximab switching — in IBD

The studies included in this review are shown in

Table 4 below. As mentioned, the initial concept for this study was developed in 2018 at

which point there was no data on biosimilar to biosimilar infliximab switching. To

demonstrate this clearly the studies have been presented in chronological order using a

narrative approach to describe the studies and assess their strengths and weaknesses. |

used the Critical Appraisal Skills Programme (CASP) checklist to assess the studies which

are presented in Appendix A.
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Authors Year Study Population | Intervention Outcome Summary
design measures
Macaluso et | 2020 Prospective IBD Originator IFX to Safety Safety and effectiveness of SB2 was overall in
al Observational | n=276 CTP13 to SB2 Effectiveness line with originator IFX and CT-P13.
(double switch)
Pagnini et al | 2020 Case report IBD CTP13 to SB2 (single | Not applicable Caution advised in switching between
n=1 switch) biosimilars especially in IBD patients with
comorbidities.
Lauretetal | 2020 Prospective IBD Originator IFX to Immunogenicity Overall, immunogenicity is not favoured.
Observational | n=265 CTP13 +/- SB2 However, the consequences of immunogenicity
(single and double are not negligible with risk of allergic reactions
switch) and treatment discontinuation.
Lovero et al | 2021 Retrospective | IBD CTP13 to SB2 (single | Disease activity Switching between CT-P13 and SB2 seems to
Observational | n=36 switch) Safety be safe and effective either in patients with a
Loss of response | single switch or multiple switches between IFX
compounds.
Trystram et | 2021 Prospective IBD Originator IFX to Effectiveness No major clinical or biological changes
al Observational | n=158 CTP13 to SB2 Safety observed after the switch.
(double switch) Pharmacokinetics | Multiple switches did not promote
immunogenicity.
Mazza etal | 2021 Retrospective | IBD Originator IFX to Safety Double switching is safe and effective in
n=52 CTP13 to SB2 Efficacy patients with IBD.
(double switch)
Luberetal | 2021 Prospective IBD CTP13 to SB2 (single | Disease activity Switching from one biosimilar of IFX to another
n=186 switch) Safety had no adverse impact on trough levels or
IFX trough levels | disease activity whether switching for the first or
second time.
Tursi et al 2021 Retrospective | IBD CTP13 to SB2 (single | Safety IFX biosimilars CT-P13 and SB2 are safe and
n=380 switch) Effectiveness effective in managing IBD.
Hanzel et al | 2022 Prospective IBD Originator IFX to Clinical remission | Multiple successive switches from originator
Cohort n=176 CTP13 +/- SB2 Safety IFX to biosimilars are safe and effective,
(single and double particularly if patients are in remission at the
switch) time of the switch.
Dispasquale | 2022 Retrospective | IBD Originator IFX to Clinical remission | Biosimilar IFX is efficacious in children with IBD
et al Observational | (paediatric) | CTP13 +/- SB2 Adverse events with high treatment persistence and low
n=87 (single and double Treatment incidence of non-serious adverse events.

switch)

persistence

21




Table 4: Summary of study characteristics of articles included in review - Biosimilar to biosimilar infliximab switching in IBD.
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The first group to report on switching between CT-P13 and SB2 were Macaluso et al in the
SPOSIB SB2 Sicilian Cohort study in February 2020(76). This was a multi-center,
prospective, observational study involving 276 patients with IBD. Participants were divided in
to five groups based on their previous IFX and anti-TNF exposure. Of note, group D (n=43)
was a cohort switched from CT-P13 to SB2 and group E (n=24) was a cohort switched
multiple times (from originator to CT-P13 and then to SB2). The primary endpoint of this
study was the assessment of safety and the secondary endpoint was an evaluation of
effectiveness. There were 11 serious adverse events (SAE) in 11 participants in group D
and 4 SAE in 4 patients in group E. The highest incidence of SAE was noted in those naive
to IFX but exposed to another anti-TNF previously (group B). Importantly, participants in
groups D and E (who were all IFX experienced) had low disease activity scores at baseline
which suggested the timing of these swaps was at a point when their IBD was either in
clinical remission or of low activity. The authors concluded that in those who were switched
to SB2 treatment persistence was overall high. One of the main criticisms of this study, in
particular related to biosimilar to biosimilar switching, is the small patient numbers.
Furthermore, there was no data on endoscopic markers nor biomarkers such as FC of
disease activity at any timepoints in the study. And finally, there is no data on IFX trough
levels or anti-drug antibody (ADA) concentrations in this cohort to assess the risk of
immunogenicity which remains one of the biggest concerns with switching between

biosimilars.

Pagnini et al (2020) presented a case report of a 29-year-old patient with Crohn’s disease
and plaque psoriasis. The patient was started on CT-P13 due to extensive active ileal
disease and was in complete remission after induction. He had a non-medical switch to SB2
after nine months of maintenance treatment which resulted in a severe flare of his plaque
psoriasis which has previously been very well controlled. This occurred just a few days after

his first dose of SB2 and completely resolved on switching back to CT-P13. The authors
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concluded that caution must be advised in switching between biosimilars especially in those
patients with co-existing comorbidities(77). This is discussed further in section 2.3.2 in the
results of the paper by Gisondi et al who describe the implications of biosimilar to biosimilar

switching in a cohort of patients with chronic plaque psoriasis(78).

In 2020, further work on immunogenicity was conducted by Lauret et al(79). They looked at
two cohorts of patients with various chronic IMID — those on maintenance treatment with
originator IFX and subsequently switched to CT-P13 (n=265) followed by SB2 (n=140) and
those initiated on CT-P13 (n=44) who were then switched to SB2 (n=29). Twenty of 235 anti-
drug antibody (ADA) free patients at baseline developed antibodies in cohort 1 (10 on CT-
P13, 6 on SB2, 4 whilst back on originator) and 11 patients developed antibodies in cohort 2,
within the three-year follow-up period. A meta-analysis of 16 studies (including these
findings) showed a pooled incidence of immunogenicity of 4.7% after switching from
originator to biosimilar and 21.1% for anti-TNF naive patients being initiated on a biosimilar
(8.5% and 25% retrospectively in the Lauret et al study findings). The conclusion from this
study was that there was no predisposition to immunogenicity from multiple switches to
biosimilars of IFX. However, again the major limitation of this study was the small numbers

in the second cohort.

In 2021 further studies were reported focusing more on the clinical outcomes of switching
from CT-P13 to SB2. Lovero et al conducted a retrospective analysis of 36 IBD patients
switched from CT-P13 to SB2(80). The cohort included a proportion of patients who had
experience of a previous switch from originator IFX as well (n=12). The primary objective
was assessing safety and effectiveness after switching to SB2. The secondary objectives
were assessing the rate of loss of response (LOR) and defining factors that predict the
development of adverse events (AE) or LOR based on involvement in a single or double

switch. Only two AE were reported during the entire study period with 181 infusions of SB2
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being administered. Clinical remission was maintained in 69.4% of the cohort (n=25) based
on disease activity scores and CRP levels. A clinical LOR was seen in 11 patients after the
switch. Four of these patients were dose-optimised and the remainder were all switched to
vedolizumab based on clinician decisions. One of the major limitations of this study is the
lack of robust immunogenicity data in terms of IFX trough levels and ADA concentrations to
substantiate the cause of LOR. The other weaknesses are the small sample size and the

retrospective nature of data collection.

The next study reporting on biosimilar IFX switching was by Trystram et al. This French
study reported the clinical outcomes and patient perspectives after single and double
switching in stable, steroid-free IBD patients in clinical remission(81). This was a multi-
centre, prospective study lasting 54 weeks and involving 158 patients on CT-P13 who were
switched to SB2. The participants were further grouped based on previous exposure to
originator IFX (double-switch group, n=115) or not (single-switch group, n=43). The main
objectives were to assess effectiveness, safety, pharmacokinetics and the patient
experience after double switching. A novel aspect of this study was evaluating the patients’
perspectives by collecting survey data at baseline and 6-12 months post switch. These
included the Beliefs about Medicines Questionnaire, the Functional Assessment of Chronic
lliness Therapy — Fatigue (FACIT-F) questionnaire and a non-validated questionnaire about
biosimilars, generics and their delivery developed by the European Federation of Crohn’s
and Ulcerative Colitis Associations (EFCCA)(82-84). The FACIT-F questionnaire is a 40-item

measure to assess self-reported fatigue and the impact it has on daily activities and function.

There were no reported changes in disease activity scores, fatigue scores or biological
activity in this study. Mean trough levels and ADA did not change either after switching from
CT-P13 to SB2. These were taken at baseline (prior to the first dose of SB2) and 6-12

months after treatment. There was one fatal AE in this cohort (myocardial infarction with no
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known history of ischaemic heart disease). Otherwise, AE were reported in 39.9% (n=66) of
the cohort which was in keeping with current known evidence on IFX. The investigators
concluded there were no major clinical or biological changes observed after the switch.
There was also no appreciable difference in patients’ beliefs from double switching. This
study also concluded that switching to multiple biosimilars did not promote immunogenicity.
Overall this study had many strengths providing good quality evidence which started to
address the gap in knowledge on biosimilar to biosimilar switching. The main weakness was
the lack of endoscopic assessment and FC monitoring throughout the duration of the study
which would have provided objective markers of disease activity before and after the switch

to SB2.

In June 2021, Mazza et al published their data from the Safety and clinical efficacy of the
double switch from originator infliximab to biosimilars CT-P13 and SB2 in patients with
inflammatory bowel diseases (SCESICS) study(85). Fifty-two patients who had previously
switched from originator IFX to CT-P13 went on to be switched to SB2. They concluded that
double switching was safe and effective. However, this study too was limited by the small
size of the cohort, the lack of biochemical markers of disease activity and the lack of data on

immunogenicity.

Luber et al conducted a prospective observational study on 186 patients with IBD who were
switched from CT-P13 to SB2 and followed up for one year. This included a cohort of
patients who had been switched from the originator to CT-P13 prior to enrolling in the study.
They assessed disease activity, biochemical markers and drug trough levels. They
concluded that switching had no significant impact on disease activity or drug trough levels
whether you were switching for the first or second time(86). Later in 2021, Tursi et al

published a retrospective analysis of 380 patients with IBD who were switched from CT-P13
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to SB2. They found no difference in terms of reaching and maintaining remission between

the two biosimilars and concluded that the two biosimilars were effective and safe(87).

Hanzel et al conducted a prospective, multi-centre cohort study looking at three groups of
adult patients with IBD — double switched patients from originator to CT-P13 and then SB2
(group 1, n=69) and single switched patients from CT-P13 to SB2 (group 2, n=80) and
originator to CT-P13 (group 3, n=27)(88). The primary outcome was clinical remission based
on the physician’s assessment 12 months post switch. Secondary end-points for remission
included CRP <5mg/L and faecal calprotectin <250ug/g. IFX drug levels and antibodies were
measured at the discretion of the treating physician. 76.9%, 65.7% and 76.9% of patients in
groups 1, 2 and 3 respectively were in clinical remission at one year. There was no
significant difference in CRP and FC measurements at this time point. Treatment
persistence was 85.0%, 87.0% and 70.1% for groups 1, 2 and 3 respectively at 12 months.
There was nothing unexpected in terms of safety and immunogenicity in all of the groups.
The study concluded that multiple switches are safe and effective and this is particularly true
if patients are in remission at the time of the switch. This study adds valuable information to
the evidence base on biosimilar to biosimilar switching. However, it did not have any

evaluation of the patient experience.

The only study done on biosimilars in the paediatric IBD population was by Dispasquale et al
in 2022. This was a multicentre, observational, retrospective study conducted in Sicily on 87
paediatric patients with IBD. The outcome measures included clinical remission, treatment
persistence and safety. They reached similar conclusions to the studies in adult patients and
concluded that biosimilar IFX was safe and effective. This study did not specifically evaluate
a switch to biosimilar IFX but followed a cohort of children who were established on

biosimilar IFX for a period of 52 weeks.
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2.3.2 Biosimilar to biosimilar infliximab switching — in all IMID

The initial search was expanded by removing the terms restricting studies to IBD which

enabled studies related to other IMIDs to also be included. With the search expanded to

include all IMID a total of 28 studies were found (Figure 4).

5 Records identified from: Records removed due to duplication

=] >

E Databases (n = 322) (n=59)

& Other sources (n=0)

p=
Abstracts screened .| Records excluded
(n=263) (n=234)

&

s Reports sought for retrieval Reports not retrieved

a

g (n=29) (n=0)
Full-text articles assessed for eligibility Reports excluded
(n= 29) (n=28)

B Studies included in review

=)

e (n=1)

Figure 4: PRISMA flowchart — Biosimilar to biosimilar infliximab switching in all IMID

Twenty of those have already been discussed in the previous section. Seven were excluded

(see

Authors Year | Reason for exclusion

Jacobs et al 2016 | Systematic review — no switch data between biosimilars. Only
originator to biosimilar switching.

Jacobs et al 2016 | Further systematic review — no switch data between biosimilars. Only
originator to biosimilar switching.

Bellinviaetal | 2017 | Review article of SB2

Mahajan etal | 2018 | Review article

Strand et al 2020 | No evidence of biosimilar to biosimilar switch

Neveu et al 2020 | No evidence of biosimilar to biosimilar switch

Lee et al 2021 | Systematic review — no switch data between biosimilars. Only
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‘ originator to biosimilar switching.

Table 5). This left only one further study involving a biosimilar to biosimilar switch which is

reviewed here (Table 6).

Authors Year | Reason for exclusion

Jacobs et al 2016 | Systematic review — no switch data between biosimilars. Only
originator to biosimilar switching.

Jacobs et al 2016 | Further systematic review — no switch data between biosimilars. Only
originator to biosimilar switching.

Bellinviaetal | 2017 | Review article of SB2

Mahajan etal | 2018 | Review article

Strand et al 2020 | No evidence of biosimilar to biosimilar switch

Neveu et al 2020 | No evidence of biosimilar to biosimilar switch

Lee et al 2021 | Systematic review — no switch data between biosimilars. Only

originator to biosimilar switching.

Table 5: Articles excluded from analysis with reasons for exclusion - Biosimilar to biosimilar infliximab switching in all

IMID.
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Authors Year | Study Population | Intervention | Outcome Summary
design measures
Gisondi et | 2020 | Prospective Psoriasis CTP13 to Disease activity No change in disease activity. However, 10% patient
al Observational | n=96 SB2 (single Safety withdrawal rate due to loss of response or reactions.
switch)

Table 6: Summary of study characteristics of articles included in review - Biosimilar to biosimilar infliximab switching in all IMID.
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Ninety-six patients with chronic plaque psoriasis were followed in this prospective
observational study in Italy. The primary outcome measure was clinical effectiveness
measured by changes in the Psoriasis Area and Severity Index (PASI) at baseline and 2, 4
and 6 months after. The main headline from this study was the 10% withdrawal rate of SB2

due to either loss of response or drug reactions.

2.3.3 Conclusion

At the time of submitting my first progression review in May 2021 the data on biosimilar to
biosimilar switching was very limited. Over the last three years the pool of evidence has
expanded as reviewed above. However, this is still in stark contrast to the abundance of
evidence available on originator to biosimilar IFX switching in all chronic IMID. As
mentioned, for IBD alone there is clear evidence to support switching to biosimilar IFX and
this is supported by robust statements from major governing bodies(49, 73). The confidence
in this type of switching is also reflected in the changes in attitude of physicians which have
evolved since the inception of biosimilars. In 2013, ECCO conducted a survey amongst IBD
specialists to evaluate their awareness of biosimilars and their readiness to use them. The
two key concerns were regarding extrapolation of the evidence across indications and
interchangeability. It was also noted that there was still a significant proportion of physicians
who did not fully understand the concept(89). This survey was repeated in 2016 and
revealed a complete reversal in attitudes towards the use of biosimilars. The results showed
that physicians were better informed and educated on biosimilars and were much more
confident in their use. This dramatic change was attributed to increased knowledge from

postgraduate education and published evidence from clinical practice(90).

Overall, the studies reviewed here suggest that switching from CT-P13 to SB2 is safe with

no major clinical concerns. However, as discussed each of these studies has their limitations
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and it is clear that more data is needed to fill this gap and provide clinicians with the

information they need to make these decisions confidently based on robust evidence.

2.4 The patient experience of switching to biosimilars

The other major area of concern in the biosimilar switching landscape is the patient’s
understanding of these molecules and their experience of switching medication. Shared
decision making between patients and health care professionals has long been believed to
be the best approach to determining an optimal IBD treatment plan (91-94). The EFCCA
conducted an online survey of 1181 patients between November 2014 and October 2015 to
explore their perspectives of biosimilars. The most common concerns were safety and
efficacy in 47% and 40.3% of respondents respectively. It was evident that a significant
proportion of patients were unfamiliar with the concept of biosimilars, even those who were
on a biologic at the time. This suggested that biosimilars had not been discussed as a future
option. The survey also highlighted the impact of the physician-patient relationship and the
importance of patient involvement in developing a management plan that is acceptable to
both parties and adhered to(84).The next part of this literature review looks at the available
literature on the experiences of adult patients who are treated with biologic medication who

have their medication switched to a biosimilar.

For this part of the literature review | used the SPIDER framework to develop the research
question as below(95). This framework is used to formulate questions that explore
experiences and perspectives and is used more in qualitative research and hence the

reason for its use in this part of the literature review.

Sample Adults treated with biologic medication
Phenomenon of Interest Switching to a biosimilars
Design Interviews, surveys
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Evaluation Patient experience, perspectives of biosimilars and having

biologic medication switched

Research type Qualitative, mixed methods

Research question: What are the experiences of adult patients who are treated with a

biological medicine having their medication switched to a biosimilar?

This literature review was performed using the Pubmed, Medline and Embase databases.
Based on the above SPIDER framework a search was conducted with the MeSH terms
(patient*) AND (experience*) AND (biosimilar*) to identify any studies that used qualitative

interviewing techniques to gather data. The results of the search are shown below in Figure

5.

S Records identified from: .| Records removed due to duplication

8 Databases (n = 205) (n=11)

g Other sources (n=0)

p=
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5 Reports sought for retrieval Reports not retrieved

[}

2 (n=6) (n=0)
Full-text articles assessed for eligibility Reports excluded
(n=6) (n=0)

E Studies included in review

E (n=6)

Figure 5: PRISMA flowchart — Patient experience of biosimilar switching.

Of the 194 abstracts screened, 188 were excluded as they did not explore the patient

experience of having their biologic medication switched to a biosimilar. Six studies have
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been included in this review and are discussed below. Only one study used qualitative data
to describe the patient experience and was published in 2022. The studies have again been
presented in chronological order to highlight the lack of data in this area when this study was

first conceived (

Table 7).
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Authors | Year | Population Study Aim Intervention Summary
design
Vlijmen 2017 | Patients switched to | Questionnair | To survey patient Novel questionnaire Overall, satisfied with switch and minimal side
et al biosimilar growth e data experiences on developed by study team | effects observed.
hormone switching from Extensive counselling before switching was
n=79 originator to biosimilar worthwhile.
growth hormone
Chau et | 2019 | Rheumatological Questionnair | To describe patient Novel questionnaire Overall patients were satisfied with switching.
al conditions e data perspectives of developed by study team | Some concerns raised regarding safety and
n=52 switching from efficacy.
originator to biosimilar Shared decision making can enhance successful
biosimilar uptake.
Teeple et | 2019 | Autoimmune Online To evaluate attitudes Novel questionnaire Significant concerns about effectiveness and side
al conditions survey on non-medical developed by study team | effects raised.
n=1696 switching to
biosimilars in patients
with autoimmune
conditions
Petitdidie | 2019 | IBD Questionnair | To assess patients’ -Beliefs about medicine No difference observed in patients’ perspectives
retal n=113 e data perspectives in a questionnaire after switching to biosimilar IFX
prospective manner -FACIT-F
after switching from - IBD disability index
originator to biosimilar
Gasteige | 2020 | Rheumatological Questionnair | To examine which -Brief iliness perception More concerns about switching were associated
retal conditions e data demographic and questionnaire with being female, iliness beliefs, high perceived
n=196 psychological -Beliefs about medicine sensitivity to medicines, information seeking
characteristics are questionnaire behavior and preference for originators.
associated with -Perceived Sensitivity to
patients’ safety Medicines Scale
perceptions and
concerns about
switching to
biosimilars
Young et | 2022 | IBD Semi- To explore the patient | Semi-structured interview | Overall patients felt comfortable with future
al n=35 structured experience of guide designed by study | transitions to biosimilars of adalimumab. Injection
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interviews

biosimilar adalimumab
transition

team

experience was an important component to patient
satisfaction.

Table 7: Summary of study characteristics of articles included in review — Patient experience of biosimilar switching.

36




The first study that described patient experience was in 2017 in a group of 79 patients who
were switched from originator to biosimilar growth hormone. This study used a questionnaire
designed by the study team to explore the difficulties experienced, the level of patient
education, the effectiveness of the biosimilar, the side effect profile and the experience of
the injecting device itself. Overall the patients rated the process of transition a 7.8 (out of 10)
and were satisfied with the biosimilar. They also concluded that pre-switching counselling

was highly valued(96).

Chau et al (2019) conducted a survey in 52 patients with rheumatological diseases to
describe the patients’ perspectives of switching from originator IFX to a biosimilar. Their
results showed that overall 80% of patients were either satisfied or very satisfied with
disease control on the biosimilar. However, there were major concerns about a lack of
knowledge on the biosimilar (38%), developing side effects (35%) and lack of efficacy with
loss of disease control (35%). They similarly reported that patient involvement with the
decision making process could help to lessen those concerns and increase compliance(97).
Further to this study, in 2019 Teeple et al conducted a large online survey in 1696 patients
with autoimmune conditions to evaluate attitudes towards non-medical switching of
biosimilars(98). This included patients with rheumatoid arthritis, IBD, psoriasis or psoriatic
arthritis who were on a biological medication. They reported multiple concerns with switching
including; concerns that the biosimilar would not treat their disease as well (85%), concerns
about switching when they were stable on the originator (85%) and concerns about

developing side effects (83%).

Petitdidier et al (2019) conducted a survey on 113 patients with IBD to investigate their
perspectives after switching from originator IFX to a biosimilar. They concluded that although

there were some concerns, mainly related to developing side effects and/or the loss of
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disease control, there were no differences observed in the patients’ perspectives post
switching(99). Gasteiger et al (2020) conducted a slightly different study using a
guestionnaire to establish which demographic and psychological characteristics can be
associated with patients’ safety perceptions and concerns about switching to biosimilars.
They used three validated questionnaires — the Brief lliness Perception questionnaire,
Beliefs About Medicine questionnaire and the Perceived Sensitivity to Medicines
questionnaire — to collect their data. They concluded that being female, iliness beliefs, high
perceived sensitivity to medicines, information seeking behavior and a preference for

originators were associated with higher concerns about switching to biosimilars(100).

These studies were all solely based on questionnaire data using closed questions. There
was no opportunity to collect qualitative data using open questioning which is arguably
imperative to assess a patient experience. In a more recent study, Young et al (2022)
conducted semi-structured interviews on 35 patients with CD who were transitioned from
one biosimilar of adalimumab to another(101). They used open questions to gather
qualitative data and then thematic analysis to present their findings. This study was also
conducted at UHS with a protocol that was similar to ours but involved switching between
biosimilars of adalimumab (where this study explored biosimilars of IFX). They identified five
themes from their analysis; low level of knowledge related to biosimilars ahead of the switch
despite being on one, an understanding of the motivation to switch being linked to financial
implications and reducing drug expenditure, concerns about loss of disease control and the
risk of side effects, trust in healthcare teams being crucial to acceptance of the transition and
ultimately good experiences of the transition process with consistent efficacy and good

tolerability.

There are instances where switching between biosimilars may not be considered beneficial.

The nocebo effect is one of the main ones and is described in more detail in the next

38



section. Other challenges include the risk of immunogenicity and side effects associated with
multiple switches and/or reverse switching between biosimilars. In these circumstances
there is an increased risk of losing response, developing side effects or failing to regain
response(102). Other situations where caution should be advised is in vulnerable groups
such as the paediatric population, pregnant women or the elderly who can be more

susceptible to poor outcomes(103).

2.4.1 Nocebo effect

The ‘nocebo effect’ has been identified as both a significant clinical challenge as well as an
under recognised entity in the era of biosimilars(104). It has been shown to impact the
number of adverse events experienced by a patient as well as a resultant perceived loss of
efficacy(105-107). It is defined as a negative placebo effect in which a patient develops
adverse side effects or symptoms that can occur with a drug or other therapy just because
they believe they may occur. These effects are unrelated to the specific pharmacological
action of the drug(108). Gaps in patients’ understanding of biosimilars may trigger feelings of
uncertainty and ungrounded negative attitudes towards the treatment which may then impact
adherence and outcomes. There is a fine balance between providing patients with enough
information to make an informed decision whilst minimising nocebo-related risks. In this
study we also discuss and explore the presence of a nocebo effect to understand its impact

on our cohort. This is described in more detail and discussed at length later in this thesis.

2.5 Conclusion

The main aim of this study was to evaluate the clinical outcomes of switching a cohort of IBD
patients from one biosimilar of IFX to another in a real-world setting in terms of objective
clinical markers, disease activity scores, patient reported outcome measures, safety and

immunogenicity. By conducting semi-structured qualitative interviews with our patients, we
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also aimed to explore the patient experience in more depth and identify the key factors that
influence their decision making and adherence. Overall, the aim was to address all aspects
of a managed switching programme in order to provide comprehensive data to support
clinicians in their decision making about swapping from CT-P13 to SB2 in IBD. To my
knowledge and based on this literature review, this is the first time that all these elements of

a managed biosimilar switching programme have been incorporated in to one study.
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Ethics, Approvals & Funding

Ethical approval for this research study was granted by the South-Central Hampshire B
Research Ethics Committee (REC reference 18/SC/0254) and the Health Research

Authority (HRA) in July 2018.

Local sponsor approval was granted by University Hospital Southampton under the

reference MED1526.

The study is also registered on the European Union Clinical Trials Register with the

EudraCT reference number 2018-001546-33.

This was an investigator-initiated study financially supported by Biogen Idec Limited. Biogen
Idec Limited are the manufacturers of several biosimilars — Benepali™ (etanercept),
BYOOVIZ™ (ranibizuman-nuna), Flixabi™ (infliximab), Imraldi™ (adalimumab) and

TOFIDENCE™ (tocilizumab-bavi).

Written informed consent was obtained from all participants prior to any study activity.
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Chapter 3 Methodology

Research methodology is the process of discussing and explaining the type of research that
was conducted, how the data were collected and analysed, the tools used to conduct the
research and the reasons for choosing those methods. It aims to answer the what, why and
how of the research. There are three main types of methodology: quantitative, qualitative
and mixed methods. Quantitative data is precise and uses numerical data collected from
large groups of participants. Qualitative data is non-numerical and aims to capture human
experience or behaviour by gathering data from interviews, observation or focus groups.
Qualitative research generally presents data as words rather than numbers in order to
discover reasons for observed patterns(109). Simply put, mixed methods research involves
researchers collecting and analysing both quantitative and qualitative data within a single
study(110). The aim of this type of research is to use the positives from both types of
methodology in order to analyse data from different viewpoints and thus explore research

questions in greater depth.

3.1 Mixed methods design

There are different ways in which mixed methods research can be conducted. Halcomb and
Hickman (2015) describe four different types of mixed methods designs: explanatory
sequential, exploratory sequential, parallel and nested(111). There are four characteristics

which define each of these designs:
1. How do the quantitative and qualitative data sets interact?
2. What sequence will the data be collected in?
3. What priority is given to each data set?

4. How do the two data sets integrate?
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Table 8 below is adapted from their work to summarise the four different types.

Explanatory sequential Quantitative data collected and analysed first followed by
collection and analysis of qualitative data.

Quantitative data takes priority.

Explanation of quantitative data is helped by qualitative data.

Exploratory sequential Qualitative data collected and analysed first followed by
quantitative data

Qualitative data takes priority.

Qualitative data informs the quantitative data collection and
verifies it.

Parallel Quantitative and qualitative data collected and analysed in
parallel.

Both data sets take equal priority.

Different types of data obtained to answer a single research
question.

Nested Main design is either quantitative or qualitative dominant with
an embedded study to answer a complementary question.
One data set or the other takes priority.

Different data obtained to answer a complementary research
question.

Table 8: Summary of the different types of mixed methods designs. Adapted from Halcomb and Hickman (2015).

The procedures adopted for ‘mixing’ the data sets are important. Zhang and Creswell (2013)
describe three methods: integration (qualitative and quantitative data collected separately
and integrated at the interpretation stage), connection (one set of data builds upon the
findings from the first data set) or embedding (the analysis of one data set is embedded

within the other)(112).

| decided the best way to investigate the clinical outcomes of switching adult patients with
IBD from one biosimilar of IFX to another was therefore to use mixed methods with a nested
study design. Having identified my research question, which looked not only at clinical
outcomes but also at the patient experience, | was clear that a mixed methods approach
would be best. Quantitative measures would enable me to clearly show the outcome in
terms of objective clinical and biochemical disease activity markers. However, this alone

would not tell the whole story and so qualitative measures were incorporated to enrich this
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data by allowing participants to have a voice and share their experiences in more depth.
Ultimately, quantitative data was used for the main design of the research project with a
nested qualitative project using thematic analysis embedded in to the study to explore a

complementary part of the study which was the patient experience.

3.2 Study design

This was a prospective study set up at University Hospital Southampton NHS Foundation
Trust following a single cohort of adult patients with IBD as they were transitioned from CT-
P13 to SB2. The original concept was developed by Dr Fraser Cummings (Chief
investigator) with an initial draft protocol outlining the proposed study design. The study was
sponsored by University Hospital Southampton NHS Foundation Trust and funded by
Biogen Idec. An external Contract Research Organisation (CRO) PHARMEXxcel managed
the study in terms of regulatory approval, study management, data management and

monitoring.

My role in this study was lead clinical research fellow. | was involved in further development
of the initial draft protocol until it was finalised and liaised with the CRO to develop all the
study procedures and materials. My role also included preparing the documents for local
approval from University Hospital Southampton as well as the South-Central Hampshire B
REC and the HRA. | attended the REC meeting alongside the Cl to present our study for

consideration of approval.

There were to be five study visits, as outlined below (Figure 6). IFX is usually given in six or
eight weekly intervals and so the study was to run over a 54-56 week period depending on

which infusion regime (six or eight weekly) the subjects were on.
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Visit 1
Consent & enrolment
1%t infusion SB2

2

Visit 2
Week 6/8
2nd infusion SB2

U

Visit 3
Week 16/18
3rd infusion SB2

O

Visit 4
Week 30/32

Revert to IFX used in standard care*
L. >

U

Visit 5
Week 54/56
End of study

Figure 6: Visit schedule for iBiSS

* Infliximab biosimilar used in standard of care at the time of visit 4 was SB2 and so participants continued on the
same biosimilar

Patients were provided with a letter of invitation with brief information about the study ahead
of recruitment (Appendix B). We included any patient 18 years or older with CD or UC who
had been treated with at least one dose of CT-P13 and who we anticipated would continue
on treatment for at least the following three months. All participants who were recruited had
to be able to provide written consent themselves. Exclusion criteria for this study included
anyone who was pregnant or lactating at time of enrolment, anyone on a dosing regimen
other than six or eight weekly or on doses higher than 5mg/kg and those with a diagnosis of
IBD-unclassified (Table 9). All patients who fulfilled the inclusion criteria were sent
information about the study in the post ahead of their next appointment to allow ample time
to consider the study (Appendix C). This was a 12-page detailed patient information sheet
(PIS) which was divided in to two parts. The first part explained the purpose of the study and
what would happen if they agreed to take part. The second part provided a more detailed

account of how the study would be conducted.

45



Inclusion criteria

e Any patient 18 years or older with
Crohn’s disease or ulcerative colitis

e Must have had at least one dose of
CT-P13 with a plan to continue for >3
months

e Able to provide written consent
themselves

Exclusion criteria

e Anyone who was pregnant or
lactating at time of enrolment

e Anyone on a dosing regimen other
than six or eight weekly

e Anyone on doses higher than 5mg/kg

¢ Anyone with a diagnosis of IBD-
unclassified.

Table 9: Inclusion and exclusion criteria

The electronic booking system for the Managed Care Infusion Centre was screened on a
weekly basis by our Clinical Trials Assistant (CTA) to identify potential participants to recruit.
| then formally approached these individuals face-to-face at their appointment where | would
explain the study and review the PIS with them which had always been provided ahead of
time. The participants were given ample time to consider the study and ask any questions
before deciding about participating. | conducted all initial visits and recruited all participants
in to this study obtaining written consent (Appendix D) myself over a four-month period from
August to December 2018. At recruitment, patients were also provided with a patient
identification (ID) card with details of the study and how to contact our team during and out
of hours (Appendix E). Subsequent study visits were done by any member of the clinical

research team including myself, the research nurses or the CTAs.
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All eligible patients at UHS were approached for this study and the aim was to maximise
recruitment to this single cohort to provide the most data. The number of patients who were
ineligible or declined was small. We were therefore unable to use them as a comparator
group due to the small sample size (n=25). At visit 1 the participants were switched to SB2
from CT-P13. At visit 4, they were then transferred back to routine care. During the study,
SB2 became the biosimilar that was used in routine care at UHS and therefore the

participants all ended up continuing on SB2 as they progressed to the final visit.

Each participant had their own individual folder which contained a paper copy of the case
report form (CRF). There were two separate CRFs — one for those on a six-weekly regime
and one for those on an eight-weekly regime. A copy of the paper CRF for those on a six-
weekly regime is shown in Appendix F and the eight-weekly regime was similar but with the
altered schedule. This was filled in at each study visit and the data was then entered in to an
electronic case report (€CRF) form by the study team. These folders were all stored on site

in the research office.

Once the participants were recruited they were entered in to an electronic tracker which
alerted our study team each time they had any contact with the hospital. Given the ‘real-
world’ nature of this study, the tracker was crucial. It prompted us if appointments were
rescheduled or cancelled, as is often the case, and therefore avoided us missing any study
visits and data collection. The general procedures at each study visit are outlined in Table
10. The two tables below this show a detailed overview of the trial procedure at each visit for

those on a 6 weekly infusion regime (Table 11) and an 8 weekly infusion regime (Table 12).

Visit Assessments undertaken
Number
Visit 1 Written informed consent

(Week 0) Demographics and detailed medical history including drug history
Disease activity scores
Patient questionnaires
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Routine laboratory tests
Anti-drug antibody and drug trough levels
Faecal calprotectin

Visit 2
(Week 6/8)

Brief clinical history to assess progress and any changes in drug
history

Discuss any adverse events

Disease activity scores

Patient questionnaires

Routine laboratory tests

Visit 3
(Week
16/18)

Brief clinical history to assess progress and any changes in drug
history

Discuss any adverse events

Disease activity scores

Patient questionnaires

Routine laboratory tests

Anti-drug antibody and drug trough levels

Qualitative interviews on a sub-set of the cohort

Visit 4
(Week
30/32)

Brief clinical history to assess progress and any changes in drug
history

Discuss any adverse events

Disease activity scores

Patient questionnaires

Routine laboratory tests

Anti-drug antibody and drug trough levels

Faecal calprotectin

Visit 5
(Week
54/56)

Brief clinical history to assess progress and any changes in drug
history

Disease activity scores

Patient questionnaires

Routine laboratory tests

Anti-drug antibody and drug trough levels

Faecal calprotectin

Early
termination

Brief clinical history to assess progress and any changes in drug
history

Disease activity scores

Patient questionnaires

Routine laboratory tests

Anti-drug antibody and drug trough levels

Faecal calprotectin

Table 10: Schedule for each study visit in iBiSS
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Infliximab infusion Week Week Week Week Week Week Week Week Early

0 6 12 18 24 30 36, 42, 54 discontinuatio

48 n
Study visit number 1 2 3 4 5
Consent No No No
& study study study
enrolmen visit visit visit

t
Study information provided to patient X
Informed consent obtained X
Patient identification card provided X
Past medical history X
Active and inactive tuberculosis tests X
Hepatitis B & C virus and varicella tests X
Review of entry criteria X
Prior/concomitant medication history X X X X X X
Partial Mayo Score or modified Harvey X X X X X X
Bradshaw Index
History and physical examination X X X X X X
(as indicated by routine clinical care)
Health-related quality of life (IBD Control- X X X X X X
PROM)
TSQM X X
Adverse events X X X X X X
Routine laboratory measurements (as per X X X X X X
routine care)
Anti-drug antibody and drug trough levels X X X X X
Faecal calprotectin X X X X
Qualitative interviews X
Administer trial medication X X X X X
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routine care)

Investigational Product accountability X X X
Table 11: Schedule of assessments — 6 weekly regime

Infliximab infusion Week Week Week Week Week Week Week Early

0 8 16 24 32 40, 48 56 discontinuati

on
Study visit number 1 2 3 4 5
Consent No study No study
& visit visit
enrolmen

t
Study information provided to patient X
Informed consent obtained X
Patient identification card provided X
Past medical history X
Active and inactive tuberculosis tests X
Hepatitis B & C virus and varicella tests X
Review of entry criteria X
Prior/concomitant medication history X X X X X X
Partial Mayo Score or modified Harvey X X X X X X
Bradshaw Index
History and physical examination X X X X X X
(as indicated by routine clinical care)
Health-related quality of life (IBD Control- X X X X X X
PROM)
TSQM X X
Adverse events X X X X X X
Routine laboratory measurements (as per X X X X X X
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Anti-drug antibody and drug trough levels

Faecal calprotectin

Qualitative interviews

Administer trial medication

Investigational Product accountability

Table 12: Schedule of assessments — 8 weekly regime
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3.3 Disease activity scores

This study used the pMCS to assess disease activity in UC and the mHBI for CD which were
discussed in Chapter 1 and are shown in full detail in Appendix G. Remission was defined
as a mHBI <5 and a pMCS of <1. Worsening of clinical status was defined as a >3-point

increase in mHBI or pMCS.

3.4 Laboratory measurements

Blood tests were done at each study visit as per routine standard of care. These samples
were processed and handled by the main hospital laboratory at UHS in accordance with
Trust policy. The samples collected included a full blood count, renal profile, liver profile and
a C-reactive protein. At enrolment all patients’ results were reviewed to ensure they had
been screened for any opportunistic infections prior to their original initiation with IFX. These

included tuberculosis, hepatitis B, hepatitis C, HIV and varicella zoster.

3.5 Faecal calprotectin

FC is a small calcium-binding protein of the S-100 protein family. It is released in to the
intestinal lumen at sites of inflammation from activated neutrophils with higher levels
indicative of active inflammation(113). It is measured in stool samples and is stable at room
temperature and does not degrade. It is used widely, in both primary and secondary care,
and is recommended by NICE in the differential diagnosis of IBD and irritable bowel
syndrome (IBS) and to guide referral for further investigation(114). It is simple, non-invasive
and less expensive - all of which make it an ideal test and surrogate marker for disease
activity in IBD patients. Its use has also reduced the need for endoscopic assessment which
is disliked by patients and is often not feasible in stretched healthcare systems. We

monitored FC at visit 1, 4 and 5. A FC was also collected at early termination if possible.
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3.6 Patient questionnaires
3.6.1 Quality of life

Health related quality of life was assessed using the IBD Control PROM questionnaire which
assesses disease control from a patient’s perspective (Appendix H). Achieving and
maintaining disease control is one of the main goals of IBD treatment and this correlates
with improved quality of life. The IBD Control PROM is a validated tool comprising 13 items
and a visual analogue scale (VAS)(53). It is rapid, reliable and sensitive and can be used to
measure disease control from the patient’s perspective. The IBD Control 8 sub score and
the IBD Control VAS score are intended to represent a summary measure of perceived
disease control by the patient. The two scores show a strong positive correlation, with higher
scores in both indicating better disease control. The IBD Control PROM was conducted at

each study visit including end of study (or early termination).

3.6.2 lliness perception

IBD is an unpredictable illness which often results in severe symptomatology which can be
disabling. This can have a negative impact on both a patient’s physical and psychological
wellbeing as well as their performance in their day to day life(115). Almost half of all patients
with IBD report some form of psychological effect from living with this chronic and invasive
condition(116). Perception of iliness has been described as a patient’s cognitive appraisal
and personal understanding of a medical condition and its potential consequences(117).
These perceptions influence multiple factors including self-management, adherence to
treatment and decisions to seek healthcare(118). Patients’ beliefs about their iliness clearly
influence their overall health and importantly their treatment outcomes. It is therefore
important that we understand their perceptions to enable decisions, such as those under

investigation in this study, to be undertaken well with good uptake and clear understanding.
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The revised illness perception questionnaire (IPQ-R) is an 84-item questionnaire developed
to provide a quantitative measurement of illness representations (patient’s beliefs about their
chronic disease) and has been used extensively across various different health
conditions(119). We used the IPQ-R at baseline to help us understand our cohort of patients
and their perceptions prior to this treatment change (Appendix I). The IPQ-R consists of
three sections. The first two explore a patient’s views about their illness and the last section
looks at their views on the cause of their iliness. The final question in the IPQ-R asks the
participants to list the three most important causes of their IBD. This can be based on the

suggested factors in the questionnaire or written as a free hand answer.
Identity

The first section of the IPQ-R (identity) lists a number of symptoms and asks the participant
to state if they have experienced that symptom (yes or no) since being diagnosed with IBD
and if they have, to determine if they relate that symptom to their underlying iliness (yes or
no). Only the second part of this question is scored where the answer ‘yes’ scores 1 and ‘no’

scores 0. The responses are summed to give an overall score.
Opinions

The second section (opinions) looks at the participants’ personal opinion of their current
illness and the personal meaning they give to their IBD. They are asked to rank 38
statements on a 5-point Likert scale from ‘strongly disagree’ to ‘strongly agree’. The
statements are grouped in to seven sub-scales: timeline (acute/chronic), consequences,
personal control, treatment control, illness coherence, timeline (cyclical) and emotional
representation. ltems for each subscale are summed and divided by the number of items to
give an overall score. Higher scores in the identity section as well as in the subscales of
timeline (acute/chronic), consequences and timeline (cyclical) are thought to represent the
negative attributes and consequences of iliness. Conversely, high scores in the personal
control, treatment control and iliness coherence subscales reflect positive beliefs of iliness
(119).
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Causes

The third section (causes) lists fourteen possible causes of their iliness which are ranked on
a 5-point Likert scale from ‘strongly disagree’ to ‘strongly agree’ and participants are to
indicate how strongly they feel the cause relates to their illness. These statements are also
grouped in to four subsections: psychological attributes, risk factors, immunity and

accident/chance and are detailed in the table below (Table 13).

Psychological Stress or worry
attributes Mental attitude

Family problems/worries
Overwork

Emotional state
Personality

Risk factors Hereditary

Diet

Poor previous medical care
Behaviour

Ageing

Alcohol

Smoking

Immunity Germlvirus

Pollution

Altered immunity
Accident or chance Chance/bad luck
Accident/injury

Table 13: Subsections of causes — grouped in to psychological attributes, risk factors, immunity and accident/chance.

3.6.3 Treatment satisfaction

The treatment satisfaction questionnaire for medication (TSQM) was used to assess
patients’ satisfaction with their medicine and was conducted at baseline and then at week
16/18 after the switch (Appendix J). This timepoint was chosen as patients would have had
sufficient experience of their new infusion (SB2), but not be too far from their previous
experiences with CT-P13. The 14 items of the TSQM are scored on 2-, 5- or 7-point Likert
scales and cover four domains — effectiveness, side effects, convenience and global
satisfaction(120). Higher scores reflect greater perceived effectiveness, lower burden of side

effects, greater convenience and greater satisfaction. The minimal clinically important
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difference (MCID) was estimated as one half of the standard deviation of the baseline

values(121).

3.7 Safety

All adverse events (AE) were coded using the Medical Dictionary for Regulatory Activities
(MedDRA) and documented clearly in the AE log sheet (Appendix K). AE were reported from
the point of enrolment up until eight weeks after the last trial dose of SB2 (visit 4) to assess
safety during the study. We recorded any AE, serious AE (SAE), AE of special interest
(AESI) and suspected unexpected serious adverse reaction (SUSAR). The AESI are shown

in Table 14.

Acute hypersensitivity reaction (including anaphylactic shock)

Hepatitis B reactivation

Congestive heart failure

Opportunistic infections

Serious infections including sepsis (excluding opportunistic infections and
tuberculosis)

Tuberculosis

Serum sickness (delayed hypersensitivity reactions)

Haematological reactions

SLE/lupus like syndrome

Demyelinating disorders

Melanoma and Merkel cell carcinoma

Lymphoma (excluding Hepato-splenic T-Cell Lymphoma)

Hepato-splenic T-Cell Lymphoma (HSTCL)

Hepatobiliary events

Intestinal or perianal abscess (in CD)

Serious infusion reactions during a reinduction regimen following disease
flare

Sarcoidosis/sarcoid like reactions

Leukaemia

Malignancy (excluding lymphoma, HSTCL, leukaemia, melanoma, merkel
cell carcinoma)

Colon carcinoma/dysplasia (in UC)

Skin cancer

Exposure during pregnancy

Use of infliximab during lactation

Table 14: List of adverse events of special interest (AESI)
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Adverse events were also actively sought out if the patient tracker alerted the research team

that a participant had visited the hospital outside of their scheduled visits for their infusions.

Reporting included:

the symptoms or diagnosis of the AE
- onset

- duration

- severity

- action taken with SB2

- any medical intervention

- whether the AE was expected or not.

A causality assessment with regards to SB2 was undertaken for each AE where the relation
was assessed as either possible, probable or definite. SAE were reported in more detail
using a separate reporting form which included a follow-up report (Appendix L). All SAEs
were reviewed and signed off by the Cl and were then reviewed promptly by the sponsor at

the time of the event.

3.8 Drug levels, immunogenicity and cytokine profiles

Blood samples were also taken to measure IFX drug trough levels and anti-drug antibody
levels at visit 1 (baseline), 3, 4 and 5. Further work was then undertaken to look at cytokine
profiles in our cohort. Samples were collected from the patients and stored securely in the
NIHR Southampton Clinical Research Facility. | was not involved in this part of the study as
analysis of these samples was undertaken at the University of Lisbon by Professor

Goncgalves and his team. Details of the processes involved are in Appendix M.
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3.9 Nocebo effect

| explored the presence of a nocebo effect in this study by reviewing biochemical markers of
inflammation, quality of life measures and disease activity scores in those who discontinued
from the study. We split this group in to two and compared these parameters in those who
discontinued early due to their own choice versus those who discontinued due to objective
secondary loss of response. This was based on objective evidence of disease activity (i.e. a
rise in markers of inflammation and/or endoscopic evidence of disease activity). The
cytokine profiles that were chosen and analysed by Professor Gongalves and his team in
Portugal were also reviewed with regards to the presence of a nocebo effect. | also
reviewed the transcripts of the interview participants who discontinued early due to their own
choice to assess for any specific evidence to suggest and support the presence of this

effect.

3.10 Statistical analysis

The statistical analysis for the majority of the quantitative results of iBiSS was conducted by
an external statistician, Justin Harvey, who was based at the University of Capetown, South
Africa. The statistical analysis plan (SAP) described the methods used during the analysis

for the reporting of demographic, efficacy and safety data. He designed the SAP which was

then reviewed by myself and the study team at UHS before being finalised.

3.11 Patient experience

The primary aim of this nested qualitative study was to explore the experience of having
biological medication switched in patients with IBD. Qualitative research has long been
criticised for being researcher biased, for lacking reproducibility and generalisability(122,
123). However, rigor has been described as a way that trust and/or confidence can be

established in the findings of a piece of qualitative research. Ritchie describes three central
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principles to qualitative research as described below, of which rigor is one of the key

components(124).

1. Research must have an explicit methodological base and conducted in a rigorous way to

ensure precise design and execution.
2. There is a ‘reality’ to be captured to inform social policy and theories.

3. The data from small-scale qualitative studies can be used to draw conclusions based on

evidence and reasoning about the ‘social world’.

3.11.1 Philosophical stance

In medicine there is a strong tradition of research and evidence-based practice being
centred on conventional, quantitative studies. This has indeed been my experience working
mostly as a Specialist Registrar in Gastroenterology during my period of research and
latterly as a Consultant. There is an integral role of qualitative research to understand social
phenomena by recording experiences and collecting rich data. This was apparent in trying to
answer our complementary research question which integrates the social and clinical
entities. In order to conduct qualitative research, there were certain principles that had to be

understood ahead of designing the study.

The first was understanding the role of the researcher themselves. It is essential to
appreciate that the position and views of the researcher has a huge impact on the
project(125). This is often referred to as their ‘world view'. Researchers must first fully reflect
and articulate their position in relation to the research. Addressing questions such as - Why
does this interest me? What do | perceive the answer to be? What do others think of me and
my expertise on this subject? What will | achieve from doing this research? — can help to
start the reflective process. Ontology is our understanding of what we call reality and what
there is to know about the world(124). Epistemology is the theory of knowledge and seeks to
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discover what is known and how we know it. An in-depth understanding and transparency of
your own ontological and epistemological views is crucial to conducting rigorous qualitative

research.

My philosophical stance on this aspect of the project came from two different perspectives.
One was as a clinician with fairly extensive experience of patients with IBD and the second
was as a research student with no previous experience of qualitative data and analysis. As a
trainee in Gastroenterology | developed a passion for IBD quite early on and therefore have
had a lot of exposure to the medical aspects of this condition. Having this experience
shaped my personal views and beliefs on the research. On the other hand, as a research
student, acquiring and handling qualitative data was entirely new to me. As such | had
minimal preconceived thoughts or notions affecting how | approached this part of the study.
Critical realism evolved from the work of English philosopher Roy Bhaskar. It is a branch of
philosophy which looks at the ‘real’ world and the ‘observable’ world. It states the ‘real’ world
cannot be truly observed as it is independent of external perception and knowledge. The
‘observable’ world is therefore created based on our own knowledge and perspectives. This

philosophy applied to me and is the approach | used for this part of the study.

In this next section | will outline the processes involved in conducting the nested qualitative
part of the research study including the deliberate planning and steps taken to ensure rigor
was achieved. | have also completed the Standards for Reporting Qualitative Research
(SRQR) checklist to show transparency of my reporting (table 15). The SRQR consists of 21
items which are recommended as key elements that must be reported in qualitative

research(126) (Appendix N).
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Title and abstract

1 Title For journal publication:
Clinical Outcomes and Patient Experience of Biosimilar to
Biosimilar Infliximab Switching in Patients with
Inflammatory Bowel Disease: A Prospective, Single-
Centre, Phase IV Interventional Study with a Nested
Qualitative Study.
2 Abstract See Abstract
Introduction
3 Problem formulation | See Section 2.4 The patient experience of switching to
biosimilars
4 Purpose or research | See Section 2.4 The patient experience of switching to
question biosimilars
Methods
5 Qualitative approach | See Section 3.1 Mixed methods design
& research paradigm
6 Research See Section 3.11.1 Philosophical stance
characteristics and
reflexivity
7 Context See Section 3.11.2 Sample and recruitment
8 Sampling strategy See Section 3.11.2 Sample and recruitment
9 Ethical issues See Ethics, Approvals & Funding
pertaining to human
subjects
10 Data collection See Section 3.11.3 Data collection method
methods
11 Data collection See Section 3.11.3 Data collection method and Appendix
instruments and O
technologies
12 Units of study See Section 5.1 Study participants
13 Data processing See Section 3.11.3 Data collection method
14 Data analysis See Section 3.11.4 Qualitative analysis
15 Techniques to See Section 3.11.3 Data collection method
enhance
trustworthiness
Findings
16 Synthesis and See Chapter 5 Qualitative findings
interpretation
17 Links to empirical See Chapter 5 Qualitative findings
data
Discussion
18 Integration with prior | See Abstract, Chapter 6 Discussion and Section 6.3
work, implications, Qualitative analysis
transferability, and
contribution to the
field
19 Limitations Chapter 6 Discussion and Section 6.3 Qualitative analysis
Other
20 Conflicts of interest None declared
21 Funding See Ethics, Approvals & Funding

Table 15: Standards for Reporting Qualitative Research checklist
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3.11.2 Sample and recruitment

Purposive sampling is a well-used method in qualitative research. Creswell and Plano Clark
(2011) describe it as identifying and selecting individuals or groups of individuals that are
especially knowledgeable about or experienced with a phenomena of interest(127). |
purposively sampled participants with the aim of including a range of patients with
characteristics representative of the factors identified in the literature that were thought to
affect decision making namely age, education level, severity of disease at the time of switch
and experience of a previous switch(91, 128). This type of purposive sampling is known as
maximum variation or heterogenous sampling(129). The aim being to identify a diverse
range of cases relevant to a particular event or experience. This is important as it ensures a
broad representation of perspectives and a comprehensive range of experiences of the
targeted population. The participants all specifically consented to take part in qualitative
interviews during the consent process and only those who agreed were approached for this
part of the study. In order to identify this sample, demographic data were collected at
baseline including age, sex and highest education level. This was incorporated with disease
activity scores at enrolment and whether participants had experience of a switch before, to

identify a range of participants to provide insight to the research question.

There are various approaches to undertaking qualitative assessments and for this study |
chose to use semi-structured interviews. Other methods include focus groups, participant
observation, content analysis and case studies. The reason for choosing interviews for this
study was to gain a depth of insight in to their experiences and to enable the data collection
to be entirely participant-centred. The pros and cons to each type of approach are shown in

the table below (Table 16)(109).

Pros Cons

Interviews Depth of insight Time-intensive
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Flexibility
Particpant-centred

Interviewer bias

Focus
groups

Allows group dynamics and
participants to build on each other’s
ideas

Time-efficient

Natural interactions

Dominance in discussions can skew
views

Sensitive topics may not be discussed
in an open setting

Requires a facilitator with experience

Observation

Captures experiences in real-life
setting

Moves beyond self-report
Useful to study interactions or
systems

Observer bias

Behaviour may be altered due to
presence of the observer

Ethical issues with covert observation

Content Cost-effective Dependent on material being available

analysis Uses existing data Relies on accurate documentation of
the event or experience at the time
Risk of ambiguity

Case Provides a holistic view Resouce-intensive

studies Allows multiple data sources to be

utilised and incorporated

Table 16: Strengths and weaknesses of qualitative assessments

Interviews were conducted soon after week 16/18. This was selected as a timepoint at which

interviewees would have had ample experience of the new infusion but not be so far from the

initial switch to be able to compare and describe their experience of the process accurately.

Our aim was to continue sampling until data saturation had been reached with no new data

emerging. This originates from Glaser and Strauss’ (1967) grounded theory but is now widely

used in various approaches in qualitative research(130). Data saturation is the point at which

there is enough data to draw conclusions and new data is redundant (131, 132).

We identified three groups in our cohort to interview. The main group comprised,;

- those who agreed to switch from CT-P13 to SB2

The two subgroups included;

- those who discontinued early from the trial due to their own choice and
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- those who declined to take part in the switching study from the outset and chose to remain

on CT-P13.

| felt it was important to include the two sub-groups as they had very different experiences to

the main group and provided a very different narrative to the research question.

3.11.3 Data collection method

A topic guide was developed to outline the key issues and areas of questioning required
based on the existing literature and the study team’s combined clinical experience. All
interviews were semi-structured and conducted by myself, either face-to-face on the hospital
site or over the telephone, based on interviewee preference. Interviews were conducted at a

convenient time to the participant.

The main purpose of semi-structured interviewing is to gather information systematically
whilst also allowing new topics or issues to be explored as they emerge during the interview.
The topic guide was created based on this premise and was used to provide a framework to
the interview so that all relevant themes were covered. At the same time | was also able to
be flexible to enable the conversation to flow naturally and allow the participants to expand

on any points without being interrupted.

| designed the topic guide using a series of open questions which were neutral, clear and
void of jargon(133). The interviews were started with a clear introduction of the process and
my role in the interview. This introduction was adapted slightly based on the specific group
that was being interviewed at the time. The full topic guide is available in Appendix O. The
interviews were recorded using an audio-recorder and transcribed verbatim by myself.
These transcripts were then read and re-read to see what emerged from the data. There are

several computer programmes available to help organise qualitative data including, but not
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limited to, NVivo, ATLAS.ti, MAXQDA and Quirkos(134). However, | chose to look at the
data ‘by hand’ which was my personal preference. An inductive process as described above
was then used to produce a coding framework. Once the initial codes and themes were
derived | went through a process of verification with one of my supervisors. They acted as a
‘second checker’ and were trained in qualitative research. They performed their coding
independently initially before then reviewing results together. Verification by a third-party is a
process of rigor to reduce bias in the analysis. Checking can either be by the respondent
(member check) or by independent peer review (inter-rater reliability) by another qualitative

interviewer(122, 135, 136).

3.11.4 Qualitative analysis
Inductive versus deductive approaches

These are the two fundamental approaches to analysing qualitative data(124). An inductive
approach works from the ground up with the data with no prior assumptions or theories. The
idea is that the data itself will derive the structure of the analysis. In a deductive approach
the researcher already has a pre-conceived theory and uses that basis to explore if the

theory is supported or not.

Methods of qualitative analysis

Analysing qualitative data is not a simple or quick task. There are different approaches to
analyse qualitative data. Five common approaches include: content analysis, narrative
analysis, discourse analysis, grounded theory and thematic analysis(133). | have discussed
four of these briefly below. Thematic analysis is discussed separately in more depth

afterwards as it is the analysis that | carried out.

Content analysis: Systematically and objectively analysing data by categorising, coding and

quantifying specific words, themes or concepts within a text to identify patterns and themes.
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Narrative analysis: Interpretation of stories and personal narratives to understand
participants feelings and behaviours and how they make sense of their experiences and

communicate their perspectives.

Discourse analysis: A process that goes beyond analysing words and sentences. It tries to

establish a deeper context of how language is used in social context to create meaning.

Grounded theory: Aims to develop theories and concepts grounded in data. It uses iterative

data collection and analysis to develop an inductive theory from the unstructured data.

In some respects, data analysis occurs alongside data collection as the researcher is being
constantly exposed to the data during the interviews(137). It is difficult to ignore and set
aside and therefore becomes part of the process. This was evident in part in this study.
Initially interviews were only conducted with the participants who agreed to the biosimilar
switch (Group 1). It was clear after several interviews that there was a large void in our
understanding of this experience as | was only being presented with one side of the
experience. | was unable to gain any insight in to the participants who had a negative
experience of the switch. Nor did | gather data on the experiences of those who were not
inclined to switch at all. This led me to include and interview those who withdrew their
consent part way, as well as those who declined to take part from the outset. By having an
appreciation of the data that | was gathering initially | was able to realise this gap existed

and therefore refine the study and develop new avenues of inquiry to enrich the data.
Thematic analysis

Thematic analysis is a method described by Braun and Clarke for identifying, analysing and

reporting patterns within a qualitative data set(138).

There are six phases of thematic analysis:
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Familiarising yourself with the data and identifying items of interest
This process is said to be easier if data collection and transcription is done by the

same researcher doing the analysis.

Generating codes: finding labels that capture what is interesting about the data.
These codes are determined at the start but can evolve throughout the process.
Codes are either semantic (capturing obvious or surface meanings) or latent
(capturing an underlying meaning or assumptions that underpin the surface

meaning).

Generating themes: codes cluster together to build themes which have a central
organising concept.
At this stage the researcher starts to think about the relationship between themes

and can use the data collection questions to structure the analysis.

Reviewing potential themes

It is important to not have too many themes and to be flexible and discard themes if
appropriate.

The quality of each theme needs to be assessed. Questions that can help this
process include: Is there enough meaningful data to support this theme? What are

the boundaries of this theme? Is the theme too diverse or wide-ranging?

Defining and naming your themes
Important to use clear descriptions at this stage for the reader to have an explicit

understanding of the theme.

Producing the report
A report must be produced by using analytic commentary, data extracts and agreed
themes following the above processes. The order of presenting the themes must be

finalised with vivid and compelling examples to support them taken from across the
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participants. Ultimately the analysis must link back to the research question and the

existing literature to show how it builds on and contributes to this in the wider context.

The amount of textual data generated from transcripts is vast. This data is descriptive and
needs to be analysed using a structured approach in order to provide a comprehensive
description of the phenomenon being explored. Using thematic analysis, | was able to
provide an in-depth understanding of the human behavior around switching medication in

this cohort and the factors that govern those behaviours.

3.12 Summary

In this chapter | described the processes involved in this study and clearly explained the
rationale for a mixed method design to evaluate the research questions posed. In the next

chapter | will describe the quantitative results from the main body of the study.

68



Chapter 4 Quantitative results

4.1 Study population

A total of 158 eligible subjects were approached for the study (125 CD, 33 UC) and of these

133 consented to take part. Ninety-eight subjects completed the study and 35 discontinued.

Figure 7 shows the CONSORT flow diagram through this process in more detail. This figure

also shows the reasons for early termination from the study.

Assessed for eligibility (n=138)

Excluded (n=25)
» Decined o parlicipabs [n=20]
# Olhear reasons (n=5)

Enraolled (n=133)

}

l

Crohn's Diseasea (n=105)

Discontinued (n=26)

Last ta faliow-up (n=5)
Adverse svenl (n=10)
‘Wilkdrew corsant (=4}
Other (n=7)

Analysed (n=T3)

& weekly cohorl (re28 )
8 weekly cohort (reE1 )

Figure 7: CONSORT diagram for iBiSS

The demographics and baseline characteristics of the cohort are shown in Table 17. Male
subjects comprised 55.6% of the cohort. The median age was 39 years [range 18 — 90
years]. The median disease duration was seven years [range 0 — 38 years]. Of the 133

subjects, 105 [78.9%] had CD and 28 [21.1%] had UC. 113 subjects [84.9%] were biologic
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naive and 20 subjects [15.1%] were biologic exposed prior to starting IFX. Eighty-three

[62.4%] subjects were on concomitant immunomodulator therapy at baseline.

UC cohort CD cohort Complete cohort

Total number 28 105 133
Age — median [range] years 43 [19-74] 38 [18-90] 38 [18-90]
Male/Female — no [%] 16[57.1)/12[42.9] 58 [55.2]/47 [44.8] 74 [55.6]/59 [44.4]
Race — no [%]

- White 24 [85.7] 99 [94.3] 123 [92.5]

- Mixed 0[0] 01[0] 01[0]

- Asian or Asian background 1[3.6] 41[3.8] 5[3.8]

- Black or Black British 3[10.7] 2[1.9] 51[3.8]

- Chinese 01[0] 01[0] 01[0]

- Other 01[0] 0 [0] 01[0]
BMI — median [range] 26.5[19.7-40.2] 25.4 [16.6-48.4] 25.9 [16.6-48.4]
Smoking status — no [%]

- Never 21[75.0] 52 [49.5] 73[54.9]

- Current 0[0] 22[21.0] 22 [16.5]

- Previous 7 [25] 31[29.5] 38 [28.6]
Vaping status — no [%)]

- Never 26 [92.9] 97 [92.4] 123 [92.5]

- Current 2[7.1] 71[6.7] 91[6.8]

- Previous 01[0] 1[1.0] 1[0.8]
Duration of disease — median [range] years 3[0-38] 8 [0-36] 7 [0-38]

Age at onset — no [%]
- Al:<16
- A2:17-40
- A3: >40

Site of Crohn’s disease — no [%)]
- L1: lleal
- L2: Colonic
- L3: lleocolonic
- L4: Upper Gl tract

Crohn’s disease behaviour — no [%)]
- B1: Non-stricturing/non-penetrating
- B2: Stricturing
- B3: Penetrating
- p: Perianal disease

Site of Ulcerative Colitis — no [%]

81[7.6]
78 [74.3]
19 [18.1]

25 [23.8]
30 [28.6]
50 [47.6]
4[3.8]

- E1: Proctitis 0 [0]

- E2: Left sided 14 [50.0]

- E3: Extensive 14 [50.0]
Concomitant medications at baseline — no [%]

- Azathioprine/Mercaptopurine 11 [39.3]

- Methotrexate 6[21.4]

65 [61.9]
16 [15.2]
24 [22.9]
17 [16.2]

56 [53.3]
14 [13.3]

67 [50.4]
20 [15.0]
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Previous biologic history — no [%]

- Remicade 7 [25.0] 451[42.9] 52 [39.1]
- Adalimumab 3[10.7] 16 [15.2] 19 [14.3]
Disease activity at enrolment — no [%)]

- Remission 15 [55.6] 79 [76.7] 94 [72.3]
- Mild 9[33.3] 14 [13.6] 23 [17.7]
- Moderate 3[11.1] 9[8.7] 12[9.2]
- Severe 0[0] 1[1.0] 11[0]

- Unknown 1[3.7] 2[2.0] 3[2.3]

Table 17: Patient demographics and clinical characteristics

4.2 Clinical outcomes

The primary outcome of the study was clinical status at week 30/32 using disease activity

scores and laboratory measurements. The results are presented for the cohort as a whole

except for the disease activity scores which are disease-specific and presented as such. The

results from week 30/32 excluded all those who had discontinued at that point as we were

unable to collect complete data after discontinuation. This is discussed further later in this

chapter.

421 Disease activitv

Partial Mayo clinic score

W0 W6/8 W16/18

W30/32

o

W54/56

Modified Harvey-Bradshaw index

W6/8

W16/18

W30/32

W54/56

Figure 8: Disease activity scores for UC and CD cohorts with error bars representing one standard deviation from the

mean.

Remission defined as mHBI <5 and pMCS of <1. Worsening of clinical status defined as >3-point increase in mHBI or pMCS.
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4.2.2 Laboratory measurements

All 133 subjects had mean haemoglobin, platelet count, albumin and CRP collected at
baseline and 107 subjects had samples collected at week 30/32. Overall, there was no
difference in mean haemoglobin, platelet count, albumin and CRP before and after switching

to SB2. This is shown in

Figure 9 along with normal ranges at UHS for the measurements shown.

Haemoglobin (g/L) Platelet count (10*9/L)
150 310
145 300
290
140
280
135
270
130
260
125 250
120 240
W6/8 W16/18 W30/32 W54/56 W6/8 W16/18 W30/32 W54/56
Albumin (g/L) C-reactive protein (mg/L)

w

41
405 20
40
15
395
39
10
385
38
- i &
37 0

we/8 W16/18 w30/32 W54/56 w6/8 W16/18 W30/32 W54/56

Figure 9: Laboratory results at weeks 0, 6/8, 16/18, 30/32 and 54/56 with error bars representing one standard deviation
from the mean.

Reference ranges: Haemoglobin 130-170g/L (for males) 120-150g/L (for females), platelet count 150-400 10*9/L, albumin 35-
50g/L, C-reactive protein 0-7.5mg/L

4.2.3 Faecal calprotectin

The mean FC results at baseline (n=119) and at week 30/32 (n=84) were 306ug/g versus
210ug/g (Figure 10). The reference range for FC at UHS is 0-50ug/g but in our participants
with known IBD a value <250ug/g was considered acceptable and indicative of clinical

remission.
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Figure 10: Faecal calprotectin results at weeks 0, 30/32 and 54/56 with error bars representing one standard deviation
from the mean.

4.2.4 Patient reported outcomes
4.2.4.1 Quality of Life

Patient-reported outcomes were collected before and after the switch to SB2. The mean IBD
Control 8 score was 11.75 at baseline and 13.19 at week 30/32 (p=0.005). The mean IBD

Control VAS was 75.24 versus 79.59 at week 30/32 (p=0.57).

4.2.4.2 lliness Perception Questionnaire - Revised

132 out of 133 participants completed the IPQ-R at baseline.

4.2.4.2.1 Identity

Only two participants reported none of the listed symptoms since being diagnosed with IBD.
The remaining 130 all reported at least one symptom with the mean reported number of
symptoms being 7.6 (range 0-14, SD 3.5). The top three reported symptoms were fatigue
(86.3%), abdominal pain (83.3%) and upset stomach (81.1%) with the vast majority believing
these were related to their IBD (96.5%, 91.9% and 90.7% respectively). Overall, the cohort
attributed a mean of 5.9 (SD 3.2) of the symptoms to IBD. Figure 11 shows these results in

full detail.
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Figure 11: lliness Perception Questionnaire—Revised: Section 1 Identity.

4.2.4.2.2 Opinions

The cohort gave the highest overall score to the statements contributing to the subscale of

perceiving the disease as being chronic. Although this is accurate with IBD being a long-

term condition this was seen as a negative attribute. The mean scores of each subscale are

shown in Figure 12.
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Figure 12: lliness Perception Questionnaire—Revised: Section 2 Opinions.
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4.2.4.2.3 Causes

The most weight was given to stress in the list of causes of IBD followed by diet/eating

habits and being hereditary. The full results are shown below in Figure 13.
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Figure 13: lliness Perception Questionnaire—Revised: Section 3 Causes.

This was closely reflected in the final question of the IPQ-R which is shown in the word cloud
below (Figure 14). This is a visual representation of our cohort’s views on the causes of their
IBD based on the final question in the questionnaire, with the larger and bolder words being

the causes most mentioned.
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Figure 14: Word cloud showing all causes for IBD from final question in the IPQ-R.

4.2.4.3 Treatment Satisfaction Questionnaire for Medication

The TSQM results are shown in Figure 15. Overall, the mean scores in all four domains of
the TSQM remained similar from baseline to week 16/18. These included: effectiveness
76.22 vs 79.79 (p=0.12), side effects 74.69 vs 79.80 (p=0.06), convenience 71.00 vs 74.73
(p=0.12) and global satisfaction 75.49 vs 78.13 (p=0.27) with all domains scored out of 100.
The differences between the two groups was not found to be statistically significant in each
domain. The MCID were estimated as 9.4 for effectiveness, 11.6 for side effects, 9.5 for
consequences and 9.3 for global satisfaction. The mean change from baseline to week
16/18 was less than the MCID in all four domains, therefore suggesting there was no

clinically significant difference.
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Figure 15: Mean change from baseline to week 16/18 in the four domains of the TSQM with error bars representing one
standard deviation from the mean.

4.2.5 Safety

A total of 193 AE were recorded throughout the study period. With regards to causality, nine
[4.7%] AE were deemed possibly and 38 [19.7%] were probably related to SB2 by the
investigators. Further details are presented in Table 18. Of these, 16 were deemed to be
SAE which were all reviewed in detail with the sponsor (5 possibly related and 1 probably
related to SB2). There were no fatal AEs, AESIs or SUSARs. The most common AE was

viral upper respiratory tract infection (9% of all AEs).

UC cohort CD cohort Whole

n (%) n (%) cohort n (%)
Any adverse event 27 166 193
Severity of adverse event
Mild 19 [70.4] 105 [63.3] 124 [64.3]
Moderate 8 [29.6] 43 [25.9] 51 [26.4]
Severe 0[0] 18 [10.8] 18 [9.3]
Serious adverse events 01[0] 16 [9.6] 16 [8.3]
Fatal adverse events 01[0] 01[0] 0[0]
Adverse event leading to 5[18.5] 12 [7.2] 17 [8.8]
discontinuation of SB2
Adverse event associated | 2 [7.4] 010] 2[1.0]
with infusion reaction
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Relationship to SB2
Not related

Unlikely

Possibly

Probably

4[14.8]
16 [59.3]
01[0]

7 [26.0]

31[18.7]
95 [57.2]
9[5.4]

31[18.7]

35[18.1]
111 [57.5]
9[4.7]

38 [19.7]

Table 18: Summary of all adverse events

4.2.6 Drug levels and immunogenicity

Figure 16 shows the analysis of pharmacokinetics (PK), anti-drug antibodies (ADA) and

neutralising antibodies (NAb) along the course of the study. The analyses showed a stable

concentration of IFX up to the primary end-point in those who completed the study (week

30/32). A decline in IFX concentration was noted from baseline to week 30/32 in those who

terminated early compared to those who completed. Development of immunogenicity was

comparable between patients that completed the study and those who terminated early. The

ADA response was predominantly IgG1 followed by IgG4, IgG2 and 1gG3.
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Figure 16: Drug levels and immunogenicity
Analysis of PK (light blue), ADA (dark blue) and neutralising antibodies (purple) along the course of the study
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4.2.7 Nocebo effect

Thirty-five participants discontinued early from this study. Fifteen required a change to a
different medication due to a loss of response (two to adalimumab, nine to ustekinumab and
four to vedolizumab), six stopped treatment completely, two moved out of area, one required

re-loading with SB2 due to a gap in treatment and one was lost to follow-up.

The remaining ten participants (7 CD, 3 UC) discontinued due to perceived side effects and
loss of efficacy to SB2. They all asked to be switched back to CT-P13. All but one of these
was before week 30/32. This sub-set of participants were of particular interest to us in terms
of the nocebo effect. Unfortunately, the dataset for this sub-set is not complete as not all
samples were handed in by participants. However, of the data available, objectively the
mean CRP at termination was 9.4 (n=9) and the mean FC was 18.6 (n=5) which did not
suggest active disease. Subjectively, IBD Control VAS changed from 73 at baseline (n=10)
to 50 (n=9) at the point of discontinuation. The mHBI changed from 3.8 to 5 (n=6) suggesting
subjects were still classed as being in clinical remission and the pMCS from 1 to 1.3 (n=3)

which suggests a slight worsening of clinical status. Table 19 shows these results in more

detail.

CD/UC | Duration | CRP FC IBD Control Disease

in study VAS activity score

(days) WO ET WO ET WO ET WO ET
CD 37 2 2 1640 | NA 95 50 1 3
CD 43 23 9 295 NA 75 50 4 5
CD 98 1 40 1 26 35 35 6 9
CD 119 1 15 4.5 NA 75 40 NA 3
CD 154 4 9 11 3.8 97 93 2 2
CD 155 6 5 299 11 30 10 4 8
CD NA 1 NA 22 NA 50 NA 6 NA
uc 63 1 1 67 NA 100 95 0 0
uc 112 1 1 13 8.2 97 50 0 1
uc 138 4 3 59 44 77 32 3 3

Table 19: Data from the sub-set who discontinued due to patient choice
CD = Crohn’s Disease UC = Ulcerative Colitis NA = not available WO = Week 0 ET = early termination CRP = C-reactive
protein FC = faecal calprotectin
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4.2.7.1 Cytokine profiles

As discussed, serum samples were sent to Portugal for analysis of cytokine profiles by
Professor Gongalves and his team. The method is described in Appendix M. Particular
interest was paid to the group of subjects who discontinued from the study. The aim was to
investigate whether the concentration of pro-inflammatory cytokines was altered during the
study in order to distinguish any potential differences in immune system responses. When
analysed, the cytokine concentrations in patients that terminated early due to their own
choice versus those who did so due to objective secondary loss of response, a statistical
difference in some Th1, Th2, Th9 and Th22 cytokines was observed. Patients who
discontinued due to their own choice showed lower concentration of IL-2, TNF-alpha, IL-5,
IL-13 and IL-9 versus sera from the second group who maintained higher concentration of
these cytokines suggesting disease activity (Figure 17). Although the number of patients
included in this comparison is low, these results might indicate that these cytokines can be
used to distinguish different causes for stopping treatment and hence the presence of the
nocebo effect. Most of the other cytokines showed relatively consistent frequencies of

detection across the two groups (Figure 18).
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Figure 17: Cytokine profiles — IL2, TNF-alpha, IL5, IL13, IL9

Comparison between those who terminated due to patient choice (green circles) versus objective loss of response (orange
circles).

*, xR % denotes a p<0.05, p<0.01, p<0.001, p<0.0001 and ns denotes not significant
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Termination due to patient choice

Termination due to objective loss of

Figure 18: Cytokine profiles — IL4, IL10, IL17, IL22

Comparison between those who terminated due to patient choice (green circles) versus objective loss of response (orange

circles).
*, ) wx v denotes a p<0.05, p<0.01, p<0.001, p<0.0001 and ns denotes not significant
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Summary

In this chapter | presented the results from the main body of the study looking at the clinical
outcomes of the participants in iBiSS who were switched from one biosimilar of IFX (CT-
P13) to another (SB2). Overall, the results show that making this switch is effective from a
clinical perspective in terms of disease activity, biochemical markers, immunogenicity and
safety. Furthermore, these results show that patient satisfaction with their treatment after the
switch is maintained. In Chapter 5 | will discuss the findings from the nested qualitative study
exploring the patient experience of having their medication switched. Finally, in Chapter 6 |
will discuss the study as a whole looking at the strengths and limitations of both the
quantitative results and the qualitative findings and drawing all pertinent conclusions from

this work as a whole.
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Chapter 5 Qualitative findings

There were three separate groups in the qualitative study as previously discussed;
Group 1: those who agreed to take part in the switch
Group 2: those who discontinued early from the study due to their own choice

Group 3: those who declined to take part in the study from the time they were first

approached.

5.1 Study participants

At the point that | started to sample participants for the interviews in December 2018, there
were 85 participants already enrolled to the main iBiSS study. Of those, 70 had consented to
being interviewed at enrolment. The 15 participants who had not given consent were not
considered in the purposive sampling nor approached again for consent. | approached 34
participants regarding the Group 1 interviews, and of those 16 were ultimately interviewed
for this cohort. Eight participants were unable to help with this part of the study when they
were approached. This was mainly due to time constraints. The remaining ten participants

were not required for the interviews in the end as | had reached data saturation.

All ten participants who exited the study due to their own choice were approached for a
Group 2 interview. Of those only five were willing to take part and were interviewed. Finally,
of the 25 IBD patients at UHS who were eligible to take part but declined to do so | was able
to interview five for the Group 3 cohort. Twenty of those patients were not willing to be
interviewed. | did not question them at the time as to their reasons for declining. The two

subgroups (group 2 and group 3) therefore consisted of five interviewees in each.
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The total number of interviews was 26 which included 21 participants with CD and 5 UC
participants. Eleven of the 26 interviewees had previous experience of an originator to

biosimilar switch. All the interviews lasted approximately twenty minutes. Nineteen

interviews were face-to-face and seven were telephone interviews. Detailed characteristics

of the sample are shown in Table 20.

ID Age Sex Education IBD Active disease at Prev switch
level subtype switch experience
Group 1 — those who agreed to switch from CT-P13 to SB2 (n=16)
Group 1:003 37 M PG CD Yes No
Group 1:012 40 F uG CD No Yes
Group 1:013 44 M uG CD No Yes
Group 1:014 29 M AL CD No Yes
Group 1:015 73 M None uc No No
Group 1:016 64 F None CD No No
Group 1:017 21 F AL uc No No
Group 1:018 33 F UG CD No No
Group 1:021 28 M PG CD No Yes
Group 1:030 21 F uG CD No Yes
Group 1:037 49 M GCSE CD No Yes
Group 1:051 32 M GCSE CD No No
Group 1:055 73 M None CD No No
Group 1:057 45 M GCSE CD No Yes
Group 1:071 24 F AL uc Yes No
Group 1:082 45 F GCSE CD No Yes
Group 2 — those who discontinued early from the trial due to their own choice (n=5)
Group 2:026 23 F AL uc No Yes
Group 2:038 43 F uG CD No Yes
Group 2:039 55 M GCSE CD No Yes
Group 2:079 65 F GCSE CD No No
Group 2:105 25 M AL CD No No
Group 3 — those who declined to switch from the outset (n=5)
Group 3:BR 21 F - uc - No
Group 3:HW 48 F - CD - No
Group 3:KS 34 M - CD - No
Group 3:SM 35 F - CD - No
Group 3:SW 69 F - CD - No

Table 20: Demographics of qualitative interviewees.
PG: Postgraduate, UG: Undergraduate, AL: Advanced Level, GCSE: General Certificate of Secondary Education
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5.2 Thematic analysis

Thematic analysis, as described in chapter 3, was undertaken with the transcribed data from
the interviews. Data from the three groups were initially analysed separately. However, as

the analysis progressed it was apparent that the themes across the groups were similar and
so have been presented together and this will be discussed in more depth in Chapter 6. The

six themes identified were:

e Trust

o Clinical status at the point of switching
e Past experience of switching

o General disposition

e Information provision

e Concerns and anxieties

These are described here in narrative form with representative quotes. The code in
parentheses after the quotes refers to the exact participant who made the comment. This is
their group followed by their three-digit iBiSS participant ID. As group 3 participants were not
formally part of the iBiSS study they are represented by their group number followed by a

three-digit code in the order of their recruitment in to the qualitative study.

5.2.1 Trust in the multidisciplinary team

Trust in the IBD multidisciplinary team (MDT) was a clear theme that emerged. Participants
across all three groups identified this as a significant contributing factor to a successful (or
unsuccessful if lacking in trust) transition. There appeared to be widespread inherent trust in
the staff with several commenting that even if they themselves did not understand the switch

the clinical team would protect them.
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“I trust you guys to do your job basically. It sounds quite blunt but | do. | don’t want to go into reading everything about it and
trying to learn everything about it. | see you guys know everything that is going on so, it wouldn’t bother me. | trust you. I'm

pretty sure you're not going to give me something that might poison me.” (Group 1:051)

Comments covered issues such as the staff's clinical and research knowledge as well as the

value of a good rapport between staff and patients that had developed over many years.

“It comes from a history of dealing with medical professional people... which | have had a good relationship with in that way

throughout my life. So, | suppose that has given me the confidence to say you know best.” (Group 1:015)

“My experiences here at the General have been many and have always been good. Everybody’s fantastic! You all do a

marvelous job.” (Group 2: 039)

One of the more tangible benefits of this trust was the expectation that they would receive

support if they needed it and also be able to switch back if they felt it wasn’t working.

“And | think in general, we get to see doctors who then explain to us on the day what is happening and check if we have any
questions and things like that.. It’s just nice to have a human person come and speak to you so you know there is someone on

the other side who knows what is happening and responding to any letters or emails | send.” (Group 1:017)

“And having that point of contact that if you are slightly concerned or have any queries that there's someone there that you can

ask.” (Group 3:002)

“So no because you gave me a phone number and everything so | was able to call that and that was reassuring. And | was able

to get straight through and speak to somebody. So yeah that was good.” (Group 2:038)

“Not worried, no because you’ve answered the question...when | said to you, ‘if it doesn’t do it properly — cant | go

back?’...then the worry is taken out.” (Group 1:055)

5.2.2 Clinical status at point of switching

Another over-arching theme, with significant importance on the decision-making process to
switch, was the impact the participant’s disease state had at the time of switching. Being in
either a stable or an active disease state was a major consideration prior to agreeing to

switch or not. For some, being stable was a deterrent to switching in an attempt to maintain

their much-valued stability.

“It kind of felt like | was relatively stable and | was managing the condition quite well and then changing — it kind of went back to

the old adage ‘if it ain’t broke, don't fix it’'!” (Group 1:003)
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“If you've got something that works very well the question in your head is why would you change it? We've taken so long to get

where we are you know? If it's working why change it?” (Group 2:039)

“l was just unsure about switching because | didn't want to rock the boat if you like. | didn't want it to go back to how it was...”

(Group 3:005)

“...for once things were actually going well. After everything I've been through...I think | was a bit reticent to change anything,

you know...kinda better the devil you know!” (Group 3:002)

Whereas others felt that if they were stable they would be willing and happy to try something

new. This seemed to work either way and was different for individual patients.

“l was really easy going and happy about it because my Crohn’s is well controlled so | felt reassured | was still staying on a very

similar drug. Umm...and so | was perfectly happy.” (Group 1:018)

“...I found myself flaring more in the last week or two. Not sure if it was due to the change or it was my Crohn’s. | think | was on

infliximab only for about 3-4 months before the trial so | didn’t really find my feet properly...” (Group 1:003)

5.2.3 Past experience of switching

Unsurprisingly, a participant’s past experiences of switching medication weighed heavily on
their decision to participate this time, as demonstrated by those who had a bad experience

in the past being more reluctant to switch despite reassurance.

“Because of the experience | had from it, it has made me more cautious and | would worry. And the problem with that is then
that you’ve got it in your head...you start thinking and worrying you’ve got symptoms and you become more aware. In your
mind it all becomes more psychological and you're thinking you feel like this because you've changed drugs but maybe that's

not the case at all.” (G2:038)

“I said | was not going on it because of my previous experiences. As soon as | saw it was about the biosimilar | was like no.

That was it. | don't think so.” (Group 3:004)

Conversely, those who had a good experience were reassured by this and happy to go
ahead.

“All a very smooth transition. | suppose going through it before helped.” (Group 1:013)

However, a few unique stories showed us that even those who had a bad experience in the

past were able to make the decision to switch again with the right information and support.
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“My past experience wasn'’t good..it was a bit upsetting at the time. But this time, there were more people around to speak to,

more availability of information.” (Group 1:012)

5.2.4 General disposition

Individual differences in how participants think, feel, and behave in different situations also
influenced the decision and emerged as a theme. At one end of the spectrum were those
who wanted to be helpful and were grateful for their treatment so far and portrayed a degree

of altruism towards the research being conducted.

“I thought, ‘Well, why not?’ - as long as it didn’t make me any worse someone could gain from it.” (Group 1:016)

“For the patient - benefits health wise, that nothing is going to change but that the hospital could benefit from this and save

money elsewhere.” (Group 1:012)

There were other participants who described themselves as “easy-going” and “laid back”

and this was their driver for participating in the study.

“l just go with the flow. I'm optimistic. I'm not a worrier in that respect.” (Group 1:015)
“As | said I'm pretty laid back and it is what it is. Let’s get on with it!” (Group 1:057)
At the other end were those who appreciated the rationale for making this change but did not

want to change what they were familiar and comfortable with.

“l was a little bit nervous just because | always am...” (Group 2:026)

“It was all down to me really, just being a bit of a pain really.” (Group 3:001)

5.2.5 The importance of blended modes of information

The role of information provision at the time of the switch was a clear theme from the
interviews with sub-themes emerging related to preferences for how much information was
given, in what format and by whom. In relation to how much information was provided,;
thorough and understandable information was important to the majority of participants in the

study.

“You can never have too much information in my opinion. It may have been a bit heavy going for some people but not for me.”

(Group 1:057)
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With regards to the format of information, in general written information was very well
received, and participants appreciated having the time to consider this and also have it for

future reference.

“l do think that pack was nice because it didn’t hide anything. Not that you would hide anything! (laughs) | did appreciate the

fact
that it was all there so if | wanted to ‘Google it’ | could. | found that quite useful.” (Group 1:017)
Having said that, there was an overwhelming preference for a face-to-face discussion and

for some was actually a prerequisite to deciding about going ahead one way or the other.

“I felt reassured rather than if someone had just given me a sheet and said we're going to do this. Having someone speak to

me about it was definitely better for me.” (Group 2:038)
“I do think having a face-to-face discussion is really important...well for me it was.” (Group 1:018)

“I think they'd be better off coming and speaking to you. Like | say, it's pretty complicated to try and work it out for yourself.”

(Group 3:004)

A blend of information with written information being sent out first followed by a face-to-face

discussion was identified as some of the cohort as their preference.

“I thought it was good how you could have a read at home and then speak to someone in person if you had any questions.”

(Group 2:026)
Whilst a few participants preferred their face to face interaction to be with a doctor, the
majority expressed no specific preference as to the type of healthcare professional as long

as they were well informed.

“As long as it's someone who is able to answer the questions and give their confident opinion on what I'd be likely to

experience and things related to it...it wouldn’t matter who did it as long as they had the information.” (Group 1:021)

An alternative, though less recurrent view, was that too much information could cause worry

or be too complex and lead to “over-thinking” the decision to switch.

“It was very medically gravitated for some of the documentation you gave me especially the manufacturer’s sheet and things

like that” (Group 1: 003)
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“I think when | saw the pack | was slightly overwhelmed...it seemed like a very big deal with lots of information and seemed a

bit daunting...” (Group 1:017)

No one complained of insufficient information or the need for more detail. Choosing not to
read any of the information and go ahead regardless was another observation from some
participants which seemed to link in with emphasis being placed on other themes such as

their past experiences and trust in the team.

“To be honest — | didn’t really read it! As the last one worked | didn’t see the problem in changing.”

5.2.6 Concerns and anxiety

The final theme identified was the role a participant’s concerns and anxieties played in the
decision-making process. This theme does tie in with those above (general disposition and
clinical status at the point of switching). Yet, in its own right, was distinct and had a clear
impact. Interestingly, this theme seemed to relate more to the overall process of switching
rather than the initial decision to switch. Again, there appeared to be a spectrum. There were
those who had no concerns about quality, efficacy, side effects, safety or the fact that the

new biosimilar was less expensive (“the optimists”).

“I don’t notice any difference whatsoever. That is the nice part. | feel absolutely fine and no different.” (Group 1:037)

“Nothing major seems to have changed. I'm just as happy on this drug as the previous” (Group 1:018)

On the other hand, there were those who were quite concerned about most of these aspects
(“the sceptics”). However, this did not always ultimately preclude them from switching as

with the first quote from a participant in group 1.

“If it was again considering changing just purely for the price of it | would maybe be a bit concerned about why we are getting it
cheaper and cheaper and cheaper. Is it going to be cost effective or is it going to be a health effective thing? | do look at quality

and finance and worry that if you’re going cheaper, cheaper, cheaper - would the quality still be there?” (Group 1:012)
“As it's cheaper they are obviously going to use inferior medication...that's what I think!” (Group 3:005)

“I didn't really worry that it wasn't safe. | did worry that it might not be as effective...” (Group 3:002)
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5.2.7 Conclusion

In this analysis, six themes were identified. There was no clear hierarchy to the themes. It
was very individualistic with each participant placing varying degrees of importance on each
theme to reach their ultimate decision. Of note, it was clear that some themes could be off-
set by other themes depending on the importance it held to the participant in order to come
to a final decision. For example, concerns and anxieties could be overcome by trust and

information provision and lead to a participant still agreeing to switch.

Figure 19 is a visual representation of this thematic analysis. It shows the factors that were
identified and impact on participants from the point they start to consider the decision to
switch to the point that they then make that decision. In this diagram | have also introduced
the concept of ‘modifiable’ and ‘non-modifiable’ themes. Of the six themes, some were
inherent and likely to be unchangeable at the point of switching (trust, disease state, past
experience, general disposition) whilst others (information provision, concerns and anxieties)
were potentially modifiable. It is vital to appreciate that this distinction between a theme
being ‘modifiable’ or ‘non-modifiable’ is at the point of deciding to switch. This is discussed in

more detail in Chapter 6.
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5.3 Nocebo effect

As discussed, of the ten patients in the group who discontinued due to their own choice, five
were interviewed at the point of discontinuation. The transcripts from these five participants
were analysed again separately to establish if there were any other themes that emerged
specifically illustrating the presence of a nocebo effect. Overall, the group felt well informed

about the process and were happy with all the information that was given to them.

“It was discussed really well.” (Group 2:026)

“The letter was good - it explained it pretty well and then clarification in person just before kickstarting everything.” (Group

2:105)

There were no clear character traits that were evident to suggest they would be more

nervous about the switch nor were there any overwhelming negative preconceptions.

“I felt quite relaxed about it all...” (Group 2:038)

“I had obvious sorts of worries because you don't know but | wasn't expecting a problem...no.” (Group 2:079)
Interestingly, all five participants maintained that their IBD symptoms remained stable with
no major flares. It was the intolerance of the side effects they developed that were the main

factor in deciding to switch back. These were many and varied.

“The next day - sore throat, runny nose, joint pain. Following day - heavy head, sore throat, tightness, joint pain particularly in

the right leg.” (Group 2:039)
“But | did really struggle with the nausea.” (Group 2:026)

“I do get tired anyway, but this was very tired. | became very hot, | had a stomach ache, heavy head, my eyes have become
heavy.. | tried to eat something but | did not even get to the first mouthful. | was just laying on the floor and | stayed there for a

while.” (Group 2:079)

“Yeah I just felt | had had six weeks of feeling really rough and | just wanted to go back on what I'd already been on.” (Group

2:038)

Given the small sample size (n=5) it is difficult to draw any significant conclusions. However,
there were some pertinent quotes that | have picked out that do suggest the presence of a

nocebo effect to an extent in this cohort.
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“Having said that even after going back on the other one I've been the same. So it’s hard to know really what the cause is.”

(Group 2:038)

“In your mind it all becomes more psychological and you're thinking you feel like this because you've changed drugs but maybe
that's not the case at all. | mean having switched back and still having problems there is a part of me that thinks is it worth

going back to it, but then at the same time it scares me as well.” (Group 2:038)

“It seems a lot for just a change in drug but it might be the drug as well as the stress...a bit of a combination maybe.” (Group

2:039)
Despite their experiences on iBiSS and needing to switch back to CT-P13 all five
participants volunteered that they would still consider switches in the future if they were

deemed necessary but would be likely to question the rationale more.

“I wouldn't want to rule it out but | would be more apprehensive about it. | mean | wouldn't rule it out but | would probably ask

more questions...” (Group 2:038)

“Yeah I'd probably give it a go. But not for another year or couple of years or so I think. But | probably would think about it

though.” (Group 2:105)

Summary

In this chapter | have presented the qualitative findings using a narrative with quotes from
the interview transcripts to highlight the themes described. Overall, the implications from this
analysis are that individualised discussions surrounding medication changes are likely to be
highly valued and preferred by patients. These discussions must take in to account multiple
factors including a patient’s previous experiences, their current well-being as well as their

general disposition. This will all be discussed in more detail in the final chapter of this thesis.
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Chapter 6 Discussion

6.1 Introduction

In this thesis | have presented the IBD Biosimilar to Biosimilar Switching Study which
prospectively followed a large cohort of patients with IBD as they switched from CT-P13 to
SB2. | was brought on to this study at its inception. | was involved in all stages, from
developing the protocol and obtaining ethics, to recruiting each participant and conducting
qualitative interviews and finally analysing the data and publishing the results. This study
primarily investigated the clinical outcomes of the patients in terms of disease activity,
clinical biomarkers, drug levels and safety. Importantly, it also explored the patient
experience of this process and having their medication switched using qualitative research
methods. This study came about in 2018, at a time when there was no data on biosimilar to
biosimilar IFX switching. Over the years, as my thesis has progressed the available data on
this type of switching has admittedly grown. However, to my knowledge and based on my
review of the literature this is the first time that both these elements of a managed biosimilar
IFX switching programme have been incorporated into one piece of research using a mixed

methods design.

6.2 Overview of thesis

Chapter 1: This chapter provides the background to IBD by providing an in depth
understanding of the two main conditions, UC and CD. In this chapter | discuss
pathogenesis, how the conditions present and are diagnosed, the tools used in disease
classification and measuring disease activity and management of IBD with the main
emphasis on medical options. | have also clearly laid out the objectives and hypothesis of

the study.

Chapter 2: Chapter 2 is a comprehensive literature review which is based on two separate

research questions;
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Is there a difference in clinical outcomes for adult patients with immune mediated
inflammatory disorders who are switched from one biosimilar of infliximab (CT-P13) to

another (SB2)?
And;

What are the experiences of adult patients who are treated with a biological medicine having

their medication switched to a biosimilar?

This chapter also clearly describes the role of IFX in the management of IBD and provides a

deep dive in to biosimilars.

Chapter 3: In Chapter 3 | present the methodology of the study. | have shown what a mixed-
methods design entails and why this was the chosen method to answer the specific research

questions posed.

Chapter 4: A detailed analysis of the results from the main body of iBiSS which includes
clinical outcome measures, patient reported outcomes, safety data and IFX drug levels and

immunogenicity. This chapter also provides data on the nocebo effect.

Chapter 5: This chapter provides the findings from the thematic analysis of the nested

qualitative study of iBiSS.

Chapter 6: In this final chapter | will discuss the results of both the quantitative and
qualitative aspects in depth and summarise the main findings. | will also discuss how this

piece of research links back to the wider literature and how it might inform future care.

6.3 Strengths and limitations

One of the major strengths of this piece of research is that the data were collected from a
large, unselected group of IFX treated IBD patients in as close to a real-world setting as
possible. This therefore allows these results to be applied to wider clinical practice. The aim

was that iBiSS would mimic a real-world managed switching programme as far as possible
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in terms of information provision, patient support, monitoring and the ability to switch back if
not tolerated. | do acknowledge that there were aspects that resembled the stricter discipline
of a phase IV study with clinical trial framework compared to routine care. The full details of

all these aspects were discussed in Chapter 3.

Another strength of this study was the survey data that was collected from the participants at
baseline and during the study. This included the IBD Control PROM, the IPQ-R and the
TSQM. This provided valuable information from the participants about their perspective of
their illness as well as the change. The IBD Control and TSQM questionnaires in particular
which were measured before and after the switch to SB2 objectively showed that
participants felt their disease control was maintained as was their satisfaction with the
medication. The impact illness perception has on treatment compliance is widely
documented in many chronic conditions(139-141). Given the focus of the patient experience
in this thesis, the data from the IPQ-R at baseline was incredibly valuable. It highlighted that
symptoms such as fatigue, which are not necessarily directly related to the gastrointestinal
tract, were the most highly reported affecting patients. This is well known in the wider
literature and is a significant unmet need in IBD(142, 143). Having an understanding and
appreciation of such perceptions is therefore crucial and if this is lacking there is often a
disconnect between the patient and the clinician(144). Tailoring discussions such as a
switch in medication based on a patient’s individual perspectives and perceptions, which can
be gleaned from surveys like the IPQ-R, could enable optimal care. However, in time and
resource constrained systems such as the National Health System (NHS) this is clearly a

challenge.

This study did not use endoscopic assessments routinely. This is the current gold standard
for assessment of disease activity and histological remission. However, patient acceptance

of colonoscopy in real-world routine clinical practice, as well as in the context of research is
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poor. Whilst there are challenges with sample handling and logistics to overcome in the use
of faecal calprotectin, it is widely accepted as a surrogate marker of inflammation in IBD in
clinical practice and correlates well with endoscopic disease(145). The lack of endoscopic
and histological assessments at baseline and week 30/32 was therefore not felt to be a

major limitation.

Overall, the quantitative results from Chapter 4 showed no appreciable difference before and
after the switch in terms of the clinical and biochemical disease activity markers. This type of
biosimilar to biosimilar switching is deemed safe and effective. Showing that was crucial as
this was the main hypothesis of the study and was what was expected to be the outcome.
There were no clear preconceptions about the thematic analysis as this has not been
explored before. This nested qualitative study was therefore another major strength of the
study. The implications from the thematic analysis are that individualised discussions and
care surrounding medication changes are likely to be highly valued and preferred by
patients. An awareness of the importance of the six main themes should enable insightful
and more constructive discussions around switching medication, especially when switches

are non-clinically driven and based on funding or availability.

There are however limitations to this study. The main limitation is the dataset for those who
terminated early, and in particular the sub-set of participants who discontinued due to
perceived side effects to SB2, is not complete. Unfortunately, it was more difficult to acquire
samples from this set of participants as they were not available to have them collected or
were unable to send them in. This has implications for the analysis and in particular
determining if there was a definite nocebo effect. This is discussed in more detail later in this
chapter. Similarly, the dataset for faecal calprotectin results is not complete with 119
samples at baseline but only 84 at week 30/32 which was the primary end-point. Although

these results were encouraging in the analysis, the interpretation of these results could be
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falsely reassuring as a proportion of the participants whose data was lacking are likely to

have been the sub-group of participants who had active disease.

Another limitation of this study was the exclusion of those who were not on a six- or eight-
weekly regime and those who were on a dose other than 5mg/kg. It could be argued that
these patients required more intensive schedules and were more prone to treatment failure
hence causing selection bias to the results. Another criticism is that almost 75% of the
cohort at baseline were in remission. Having said that, non-medical switching between
biosimilars, based on cost or availability, generally happens irrespective of disease activity
state and patients are usually stable. So, although this could cause bias, this cohort does
represent the real-world experience. Regardless, this therefore means that the views and

outcomes of those with active disease are not clear.

Another limitation of this study was the lack of a comparator arm. Our goal was to recruit as
many patients as possible in to the main study. Of the 158 eligible participants, 133 were
successfully recruited. This therefore left too few patients to be used as a comparator group
as they continued on CT-P13. A comparator arm establishes a baseline for comparison and
allows researchers to compare the effects of the intervention and determine if there is a true
effect of that intervention. However, it was felt more important to have as large a cohort as

possible to enhance the results of the study and therefore not use a comparator group.

Finally, of the three groups that we conducted qualitative interviews with data saturation was
achieved in group 1 only. This is primarily because the other two groups were harder to
recruit to given their nature. Hence, the results of groups 2 and 3 must be interpreted with
caution and further research is required with those who declined or discontinued a switch to

achieve data saturation.
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6.3 Qualitative analysis

There is a paucity of data on switching between biosimilars of infliximab and certainly there
are no randomised controlled trials that evaluate this. In clinical settings physicians therefore
need to use real-world data such as the data presented in this study and combine this with
what they know about their individual patient. In the qualitative analysis | described patient
related themes that would be pertinent to understand ahead of discussing a biosimilar to
biosimilar switch. In this next section | will discuss these findings in more detail and show

how they link to the existing literature.

Trust in the clinical team was one of the most prevalent themes which corroborates previous
research that emphasises the importance of the relationship between healthcare
professionals and patients in order to develop an optimal and adhered to IBD management
plan(84, 91, 101, 108, 128). It has implications for practices such as drug substitution which
are done at a pharmacy level with minimal patient interaction(146). There is an expectation
from NHS England that Integrated Care Boards (ICB) will work with clinicians and
prescribers and support them to work with their patients to ensure the most cost-effective
biosimilars are used wherever possible in a timely fashion(147). The rationale being that the
money saved could be channeled in to additional services and benefit the patients in other
ways(148-150). The trust that patients’ have in their teams and the role of continuity of care

has implications for the success of such policy and is critical.

A full appreciation of a patient’s clinical status at the point of switching along with any
concerns they may have regarding this, and therefore their appropriateness to switch,
should be fundamental prior to designing targeted information and suggesting a switch in

treatment. This was evident in my analysis. Interestingly this was true of both stable and
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active disease at the point of making the decision to switch. Some valued disease stability
and this was one of the most cited barriers to accepting a switch in medication but this was
not true for all. It is well documented that prolonged and stable periods of remission
positively impact patients(144). Further research is now needed to understand the interplay
between disease stability and the decision to switch as this is clearly a very important

consideration when asking patients to change their medication.

Information provision was discussed extensively. Most patients clearly valued being well
informed by both written information and face-to-face interactions. A less common finding
was that too much information could be overwhelming and complicate the decision-making
process. This study was not entirely akin to standard clinical practice as the information
provided was more detailed due to being given as part of a fully consented clinical trial.
Further research should focus on the optimal amount of information provision and the format
this should take. This should aim to include an evaluation of those who don’t agree to switch

and achieve data saturation to assess reasons why as this will provide very valuable insight.

Figure 19 in Chapter 5 is a visual representation of the thematic analysis and illustrates the
six themes identified. The main diagram shows the factors identified in Group 1 that tended
towards them making the decision to switch from the point they first learnt about the study to
the day that consent was obtained. The box inset shows the flip-side to this. The diagram is
laid out as it is (versus being presented as one merged diagram) because data saturation
was not achieved in this group. Hence more research is needed here as this was based on
the views of a smaller sub-group. Nonetheless, we speculate that these may still be the main
factors to be considered by teams before asking patients to switch their biosimilar

medication.
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The concept of being modifiable or non-modifiable also has important implications for future
practice in terms of where to target time and resources to enable participants to feel more
comfortable in committing to a switch. Past experiences, disease stability and general
disposition certainly seemed unchangeable at the point of switching and did have bearings
on a participant’s preconception of the trial. However, as previously discussed, some themes
could off-set others. There were several participants who had poor experiences of a past
switch in their medication but were able to overcome this with good information provision
and from the trust they had developed in the team subsequently. Trust was deemed to be
non-modifiable. However, it was clear that trust was more complex than this. Trust can and
must be developed continually as it can be easily broken down and so must not be assumed
or ignored. In particular, for some patients who had never met me personally before this had

to be gained during our discussion before an agreement was made.

Overall, the findings from this part of the study suggest that assessing past experiences and
any other concerns or anxieties (related to safety or efficacy) in conjunction with
understanding a patient’s general disposition and providing individualised information based
on all these factors is key(98, 151-154). This is in keeping with the wider literature on

adherence which supports the importance of shared decision-making(92, 128).

6.4 Nocebo effect

One of the subgroups that we paid particular attention to was the group of patients who
discontinued of their own choice due to perceived side effects. As mentioned, the dataset for
this group was not complete. However, of the data available objectively the mean CRP at
termination was 9.4 (n=9) and the mean FCP was 18.6 (n=5). Both these markers do not
suggest objective evidence of active disease. This is corroborated in the transcripts from the

five participants who were interviewed and confirmed that there was no subjective worsening
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of disease control. The main concern was the side effects from SB2. In Section 5.3 | have
highlighted more excerpts from the transcripts which suggest some insight in to the
presence of the nocebo effect. The cytokine profile data also showed interesting results to
suggest that pro-inflammatory cytokine levels are higher in those who discontinue due to
objective loss of response versus those who did so due to side effects and in whom disease

activity was maintained.

Clearly, this is a very small number of participants and interpretation of these findings must
be done with caution but it is certainly of interest that there was no clear marked change in
both clinical and biochemical markers. The true burden of the nocebo effects in patients on
biosimilars is difficult to estimate(104). In previous studies on originator to biosimilar
switching rates were >10%(155). Confirming this was the nocebo effect and not a true
worsening of IBD due to a loss of response from switching to SB2 is difficult. However, it
does pique interest and could suggest the presence of the nocebo effect which has been

identified as a significant problem in the era of biosimilars.

6.5 Future work

There are opportunities for this data to be developed further. The data on the nocebo effect
is one of the most interesting parts of this research project. Further research with larger
samples is now necessary to explore this in more depth and identify clinical, or even
perceptual markers, at baseline that could predict which patients might be prone to the
nocebo effect and thus tailor discussions around switching accordingly. This could lend itself
to the development of targeted patient education sessions and initiatives to discuss
treatment plans. Research should focus on how to deliver the optimum amount of

information to those identified as being at risk to prevent the nocebo effect from occurring. In
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line with this, further work could also look at correlating biochemical markers with survey

data and qualitative data.

This research could also provide the basis to develop a clear patient information leaflet for
biosimilar switching in the future. It is highly likely that non-medical switching will become
common practice and a succinct but comprehensive information sheet highlighting the
positive real-world data could help compliance with these changes by providing patients with
examples of how this has worked in practice. There would also be the opportunity to design
a clinician information leaflet sheet and disseminate to different specialties who use biologics
and biosimilars. This information could help guide clinicians during their consultations about
biosimilar switching and understand the different themes that have been identified and how
they impact a patient’s decision to switch. Furthermore, the information gleaned in the
qualitative analysis could be used to develop an information sheet for patients and clinicians

for organisations such as CCUK.

The cytokine profile work could also be developed further with a possible role in diagnostics
and predicting treatment failure and/or susceptibility to the nocebo effect. In disease process
like IBD,where cytokines are crucial mediators in the inflammatory pathway, specific
cytokine expression could predict disease activity and pathophysiology. However, there is
lack of specificity to disease processes which can make interpretation difficult. Cytokine
profiling is also expensive and unlikely to be feasible in routine care due to the cost
implications. Overall, these results are important but much more work will be needed to fully
understand which exact markers could be used in diagnostic assays and how they can be
clinically useful. In the future there may be a role for integrating cytokine profiles with
disease activity scores and biochemical markers to create multimodal scores to use in

specific disease processes.
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6.6 Conclusion

Biosimilars have provided a less expensive treatment option for patients with immune-
mediated conditions. Remaining competitive, by being able to switch between biosimilars
based on cost, is imperative to health systems such as the NHS with significant financial
constraints. It allows more access to wider populations whilst controlling expenditure. During
the course of their illness, patients with IBD are likely to experience many different changes
to their treatment plans and switching between biosimilars is an example of one such
decision. Involving patients and understanding their thought processes in making these
decisions when they occur is key. This is due to both the increasing complexity of the
choices available as well as when there is equipoise in the treatment decision with no clear
‘right answer’. Having patient involvement and sharing decision making between patients
and the clinical teams has also shown to improve adherence with treatment plans and be the
best approach(91-94, 156). Foundations such as the Crohn’s and Colitis United Kingdom
(CCUK) charity, which is the leading charity for IBD in the UK, place great emphasis on
shared-decision making and purport that when patients participate in decision making with
all aspects of their care, they are more likely to follow through and have better
outcomes(157). However, the degree to which these discussions do actually take place
varies significantly. Although exact reasons are not declared, one UK based study of
patients with ankylosing spondylitis showed that the majority of patients who were switched
to biosimilar adalimumab were never actually asked for consent, showing that this is an
issue(158). As a general rule, clinicians rely on robust evidence-based data to guide clinical
decisions and come to the best option for their patients. In biosimilar to biosimilar switching
this will always be lacking as providing this type of data is not a priority for regulatory
bodies(159). Hence, the emergence of real-world data such as the data shown here is of

major value to provide that confidence to clinicians.
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This study has shown that in a population of IFX treated patients, switching from CT-P13 to
SB2 is safe and effective. Overall, the data showed there did not appear to be any significant
issues switching from one biosimilar molecule to another. Participants completed the study
without major clinical concern beyond what is experienced in routine clinical practice. The
safety profile of SB2 was similar to the current evidence for IFX(160, 161). The study also
gained insight into the factors that may need to be considered in supporting patient decision-
making which is crucial. The aim is that the results from this study will support clinical teams
in the development of clear and stream-lined processes between pharmacy, physicians,
nurses and patients to confidently deliver a well-monitored biosimilar switching programme.
This is of particular relevance now with the development of multiple biosimilars, not just of

IFX but of other biologics as well.
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Appendix

Appendix A Critical Appraisal Skills Programme (CASP)

Checklist
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ChSP

Critical Appraisal
Skills Programme

Section A: Are the results of the study valid?

HINT: A question can be ‘focused’

1. Did the study address a clearly Yes
focused issue? in terms of
Can’t Tell e the population studied
e the risk factors studied
No . ’
e is it clear whether the study tried to
detect a beneficial or harmful effect
* the outcomes considered
Comments:
2. Was the cohort recruited in Yes HINT: Look for selection bias which might
an acceptable way? compromise the generalisability of the
Can't Tell findings:
N e was the cohort representative of a
o

defined population

e was there something special about the
cohort

e was everybody included who should
have been

Comments:

Is it worth continuing?
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ChSP

Critical Appraisal
Skills Programme

3. Was the exposure accurately Yes HINT: Look for measurement or
measured to minimise bias? classification bias:
Can't Tell e did they use subjective or objective
measurements
No e do the measurements truly reflect what
you want them to (have they been
validated)
e were all the subjects classified
into exposure groups using the
same procedure
Comments:

4. Was the outcome accurately Yes HINT: Look for measurement or
measured to minimise bias? classification bias:
Can't Tell « did they use subjective or objective
measurements

No

e do the measurements truly reflect what
you want them to (have they been
validated)

e has areliable system been
established for detecting all the cases (for
measuring disease occurrence)

e were the measurement

methods similar in the different groups

e were the subjects and/or

the outcome assessor blinded to
exposure (does this matter)

Comments:
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ChSP

Critical Appraisal
Skills Programme

5. (a) Have the authors identified Yes HINT:
allimportant confounding e list the ones you think might be
factors? Can't Tell important, and ones the author missed

No

Comments:

5. (b) Have they taken account of Yes HINT:
the confounding factors in the e |ook for restriction in design, and
design and/or analysis? Can’t Tell techniques e.g. modelling, stratified-,

regression-, or sensitivity analysis to
No correct, control or adjust for confounding
factors

Comments:

6. (a) Was the follow up of Yes HINT: Consider

subjects complete enough? e the good or bad effects should have
i I had long enough to reveal
Cant Te themselves
e the persons that are lost to follow-up

No may have different outcomes than

those available for assessment

e inan open or dynamic cohort, was

there anything special about the

outcome of the people leaving, or the

exposure of the people entering the

cohort

6. (b) Was the follow up of Yes

subjects long enough?
Can’t Tell

No




ChSP

Critical Appraisal
Skills Programme

Comments:

Section B: What are the results?

7. What are the results of this study?

HINT: Consider

e what are the bottom line
results

e have they reported the rate or
the proportion between the
exposed/unexposed, the
ratio/rate difference

e how strong is the association
between exposure and
outcome (RR)

e what is the absolute risk
reduction (ARR)

Comments:

8. How precise are the results?

HINT:
look for the range of the confidence
intervals, if given

Comments:
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ChSP

Critical Appraisal
Skills Programme

9. Do you believe the results? Yes HINT: Consider
e big effect is hard to ignore
Can’t Tell e can it be due to bias, chance or
confounding
No e are the design and methods of this
study sufficiently flawed to make the
results unreliable
e Bradford Hills criteria (e.g. time
sequence, dose-response gradient,
biological plausibility, consistency)
Comments:
Section C: Will the results help locally?
10. Can the results be applied to Yes HINT: Consider whether
the local population? e a cohort study was the appropriate
Can’t Tell method to answer this question
e the subjects covered in this study could
No be sufficiently different from your
population to cause concern
e your local setting is likely to differ
much from that of the study
e you can quantify the local benefits and
harms
Comments:
11. Do the results of this study fit Yes
with other available
evidence? Can’t Tell
No
Comments:
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ChSP

Critical Appraisal
Skills Programme

12. What are the implications of Yes
this study for practice?

Can’t Tell

No

HINT: Consider

e one observational study rarely
provides sufficiently robust
evidence to recommend changes
to clinical practice or within health
policy decision making

e for certain questions,
observational studies provide the
only evidence

e recommendations from
observational studies are always
stronger when supported by other
evidence

Comments:
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Appendix B Patient Letter of Invitation

INHS

Southampton University Hospital
Southampton
NHS Foundation Trust

Date 25t July 2018
Patient Letter of Invitation

STUDY TITLE: IBD Biosimilar to Biosimilar Infliximab Switching Study

SHORT TITLE: iBiSS

Dear Sir or Madam

You have been given this letter as you are currently being treated with a drug called Infliximab for
adults with Ulcerative Colitis or Crohn's disease and we would like to invite you to consider participating
in our research study

Infliximab was originally marketed by a single pharmaceutical company and was given the brand name
Remicade. Remicade belongs to a group of drugs called "biologics”. After an agreed number of years
other companies are now allowed to produce their own copies of the medicine. Simple medicines, like
paracetamol, are relatively easy to produce and copy exactly. The production of biologics, like
Remicade, is much more complicated. The resulting molecule is similar but it won’t be an exact copy.
These are known as “biosimilars”. Biosimilars have been extensively tested and analysed by the
authorities that regulate medication in the UK and have been deemed just as safe and effective as
Remicade (the original Infliximab).

You are currently being treated with a biosimilar called CT-P13 or Remsima for your IBD. There have
been many studies that compare switching from the originator Infliximab (Remicade) to biosimilar CT-
P13 (Remsima) including some that were run here at UHS. However, there are currently no studies that
compare switching from one biosimilar to another biosimilar. This is what we aim to do in this our study.

We would like to give you the option to participate in this study, which includes switching you from your
current medication (CT-P13) to an alternative biosimilar (SB2). Despite the fact that we do not expect
any patients to experience problems as a result of switching to this biosimilar, you will be monitored
very closely as part of this in terms of your progress and any side effects. We believe this alternative
medication is as safe and effective as your current medication.

If you would like any more information regarding this new biosimilar Infliximab or if you have any
questions regarding any of the issues raised in this letter please feel free to discuss them with us.

iBiSS Invitation Letter_V3.0_030718_Final
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Appendix C  Patient Information Sheet (PIS)

INHS

University Hospital
Southampton

E Southampton
Trial ID (M[E|D[1[5]26 |

Site: m
Patient ID No I:I:I:l

&)

PATIENT INFORMATION SHEET

PART 1

STUDY TITLE:  IBD Biosimilar to Biosimilar Infliximab Switching Study

SHORT TITLE:  iBiSS

INTRODUCTION

We would like to invite you to take part in our research study as you either have Ulcerative
Colitis (UC) or Crohn's disease (CD) and are currently being treated with a drug called CT-P13
(known commercially as Remsima).

Before you decide, it is important for you to understand why the research is being done and
what it will involve for you.

A member of our team will go through this information sheet with you and answer any questions
you may have. We recommend you take about 10 minutes to read it. We would encourage you
to talk to others about the study if you wish and ask us if there is anything that is not clear.

Part 1 tells you the purpose of the study and what will happen to you if you take part.
Part 2 gives you more detailed information about the conduct of the study.

This is an important document. Please read it carefully as it contains information you need to
know about this study. If you agree to participate, you will be asked to sign a consent form. This
will ensure that you are aware of the study features, the risks that you may be exposed to whilst
participating and confirm your agreement to participate.

We are willing to provide any further clarification if required.

iBiSS_PATIENT INFORMATION SHEET

Final V4.0 18/09/2018

Confidential Page 1
Dr Fraser Cummings-University Hospital Southampton NHS Foundation Trust

IRAS ID: 244677
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Southampton ‘ University Hospital
Southampton
NHS Foundation Trust
Trial ID [M[E[Df1]5]2]6 |

Site: m
Patient ID No l:l:l:l

WHY ARE WE DOING THIS STUDY?

This study is looking at the effects of switching from one type of Infliximab used to treat UC or
CD to another type of Infliximab. Currently, you will be receiving CT-P13 which is commercially
known as Remsima. CT-P13 is a biosimilar drug which we will explain more about shortly. In
this study, we would like to switch you from CT-P13 to another biosimilar drug, SB2
(commercially known as Flixabi).

This study aims to explore a number of things including;
e How your condition is maintained after switching
e How safe it is to switch from one biosimilar drug to another
e To assess your quality of life after switching from CT-P13 to SB2.
e To assess your views and experience of being asked to switch from CT-P13 to SB2.

We will now provide a brief explanation of this medication and how the study will work if you
decide to take part in this study.

iBiSS_PATIENT INFORMATION SHEET

Final V4.0 18/09/2018

Confidential Page 2
Dr Fraser Cummings-University Hospital Southampton NHS Foundation Trust

IRAS ID: 244677
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Site: m
Patient ID No l:l:l:l

What is the current treatment for IBD?

The aim of treatment in patients with IBD is to control the inflammation which causes the
symptoms. Current treatments can be medical, surgical or a combination of both. One example
of medical treatment is biologic drugs.

When your body is fighting infection or inflammation it naturally produces a protein called TNF-
alpha (tumor necrosis factor) as part of its immune response. Over-production of this protein is
thought to be partly responsible for the chronic inflammation found in IBD. Biologic drugs are a
group of drugs known as anti-TNFs. One of these is Infliximab and it acts by binding to TNF-
alpha and helping to prevent inflammation and thereby relieve symptoms.

What is a biosimilar product?

Infliximab was originally marketed by a single pharmaceutical company and given the brand
name Remicade. After a number of years, it was agreed that other companies would be allowed
to produce their own copies of Remicade. These are known as biosimilars.

Simple medicines, like paracetamol, are relatively easy to produce and copy exactly. These
copies are known as ‘generic’ medicines. The production of biologics, like Remicade, is more
complicated. Biosimilars have been extensively tested and analysed by the authorities that
regulate medication in the UK and have been deemed just as safe and effective as Remicade
(the original Infliximab).

CT-P13 (branded as Remsima) and SB2 (branded as Flixabi) are two different ‘biosimilars’ of
Remicade. You are currently being treated with CT-P13 and in this study you will be switched to
SB2.

What will this study do differently?

This study aims to evaluate the outcome of switching patients currently on CT-P13 to SB2 as
there are currently no comparisons in terms of efficacy (how well the drug works) and outcomes
between biosimilars. There have been many comparisons made between switching from the
originator Infliximab (Remicade) to a biosimilar and you yourself may have been involved in
such programmes here at Southampton General Hospital in the past. This study is novel in that
we are switching from one biosimilar to another biosimilar.

iBiSS_PATIENT INFORMATION SHEET

Final V4.0 18/09/2018

Confidential Page 3
Dr Fraser Cummings-University Hospital Southampton NHS Foundation Trust

IRAS ID: 244677
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WHAT WOULD TAKING PART INVOLVE?

If you decide to take part in this study you will be required to attend a number of visits at
University Hospital Southampton NHS Trust (UHS) for trial assessments and study drug
infusion which will mirror exactly your normal clinical care.

The total duration of your time in the study will be up to 56 weeks.

Consent & enrolment including initial switch from CT-P13 to SB2 (Study Visit 1-Week 0)

At this visit you will have already received this information sheet to read. You will have been
given time to take all this information away and discuss it with relatives and friends before
deciding if you would like to take part.

If you chose to do so we will reconfirm you are eligible and you will be asked to sign a consent
form.

We will then do a number of baseline evaluations (many of which would have been undertaken
as part of your routine care) to ensure you meet the inclusion criteria for the study. These
baseline assessments will be carried out at UHS.

The baseline assessments include the following tests/assessments:
e Checking prior and current medication
o Taking your blood pressure, temperature, respiration rate, height and weight
¢ Undertaking a physical examination if clinically indicated

¢ If not done previously as part of your standard care we will take a blood test to check for
Tuberculosis, Hepatitis B, Hepatitis C virus and Varicella virus — this is to rule out any
underlying infection before starting your treatment.

o Collecting a stool sample to test for active inflammation in the intestine (faecal
calprotectin)

o Taking routine blood tests and urine samples as per your normal standard of care
e Taking a blood test for measuring drug antibody levels
e Completing a questionnaire regarding the status of your condition
iBiSS_PATIENT INFORMATION SHEET
Final V4.0 18/09/2018
Confidential Page 4

Dr Fraser Cummings-University Hospital Southampton NHS Foundation Trust
IRAS ID: 244677
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¢ Completing a questionnaire regarding your satisfaction with your medication

o Completing quality of life questions regarding your condition

¢ If you become pregnant during this study your doctor must be informed as soon as
possible so this can be reviewed and your treatment discussed.

o Taking specific blood tests to look at inflammatory markers

Switch from CT-P13 to SB2 and SB2 Administration

If your baseline assessments are satisfactory and your eligibility in the study confirmed, you will
then have your current CT-P13 treatment switched to SB2 and your 1% SB2 infusion given.

You will be given SB2 intravenously (in a vein), which will be administered at the same rate as
your previous dose of CT-P13 was given. During the infusion, you will be monitored and have
your routine observations (blood pressure, pulse rate, respiration rate, temperature and oxygen
saturation) taken. All of this is standard practice for these infusions. Once completed you will be
observed and monitored for 1 hour.

Your observations will be taken every 30 minutes for up to 1 hour after the infusion has finished.
You will also be monitored for acute infusion-related reactions. After this observation period you
will be allowed to go home.

As reactions can still occur a few hours after the infusion, you will be advised to seek immediate
medical advice if you experience any delayed adverse effects.

WHAT WILL HAPPEN AT EACH INFUSION?

At each visit during this study we will try to mimic, as much as possible, what would happen if
you were still in standard NHS care.

- You will have a number of assessments and tests as part of your normal standard of
care including a brief history and a physical examination if indicated.

- We will take your blood samples for the study

- Whilst your infusion is running, we will ask you to complete a series of questionnaires to
assess your progress. During the questionnaire process, if at any time you feel any level
of distress, you will be given the option to either take a break or to discontinue
completion of the questionnaire. A member of the research team will always be available
to discuss any issues you may have about any of the questions you are presented with.

- You may be selected for an interview regarding your experience of switching from CT-
P13 to SB2. You will have provided your consent to participate in such interview. This is

iBiSS_PATIENT INFORMATION SHEET

Final V4.0 18/09/2018

Confidential Page 5
Dr Fraser Cummings-University Hospital Southampton NHS Foundation Trust

IRAS ID: 244677
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a novel aspect of this study and we would like to get your views and experience of
having your medication switched. We would use these patient perspectives to guide our
future practice to ensure the best experience for patients.

- We anticipate that there will be some patients who do not respond, or lose response, to
SB2 during the study. If this is evident, we will discuss it with you and if clinically
indicated consider discontinuing this medication early. This would mirror exactly what
would happen in routine care if a similar situation were to arise.

- At week 32, considered as the end of treatment, patients will revert to whichever
infliximab is currently being used as standard of care at UHS. This may include
continuing on SB2, switching back to the originator Infliximab Remicade or switching
back to the previous biosimilar CT-P13.

WHAT ARE THE POSSIBLE BENEFITS OF TAKING PART?

It is not known if you will personally benefit from this research, however, we hope that this
research will show that it is safe to switch from biosimlar to another biosimilar (ie CT-P13 to
SB2).

DO I HAVE TO TAKE PART?

It is up to you to decide whether or not to take part. If you do decide to take part, you will be
given this information sheet to keep and be asked to sign a consent form of which you will also
receive a copy. If you decide to take part, you are still free to withdraw at any time and without
giving a reason. If you decide to stop treatment with SB2, you will be invited to participate in an
interview for us to understand a little more about your experiences. You are under no obligation
to participate in the interviews. We will seek your consent for the option to approach you about
such interviews.

Stopping this medication will not affect the standard of care that you will receive.

EXPENSES AND PAYMENTS

Patients will not be given any payments for taking part in this research as the infusion visits and
schedules follow standard of care.

WHAT ARE THE POSSIBLE DISADVANTAGES AND RISKS OF TAKING PART?

Most of the treatments and assessments you will receive/undergo will be standard of care (i.e.
you will have received this anyway even if you weren't in the study).

It has been shown that the risks associated with SB2 infusion are no greater than those
associated with its reference drug, Remicade.

iBiSS_PATIENT INFORMATION SHEET

Final V4.0 18/09/2018
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The most common risks associated with SB2 are exactly the same as other biosimilars of
Infliximab i.e. CT-P13. These include viral infections (such as flu or cold sores), headache,
upper-respiratory-tract infection (colds), sinusitis (inflammation of the sinuses), nausea (feeling
sick), abdominal pain (stomach ache), infusion-related reactions and pain which is comparable
to the originator molecule.

With any Infliximab infusion there is a risk of developing an allergic reaction. This is no different
with SB2. If a serious reaction occurs, treatment will be given to alleviate the symptoms and
further treatment with SB2 will be reviewed.

In previous clinical trials, delayed hypersensitivity reactions have been reported so you will be
advised to seek immediate medical advice if you experience any delayed adverse effects.

If you were to become pregnant whilst on the trial and receiving SB2 then it is important that you
are aware that your baby will not be allowed to have any ‘live’ vaccinations until they are six
months old.

Your GP will also be notified of this.

WHAT HAPPENS IF | OR-MY-PARTNER BECOME PREGNANT?

If you were to become pregnant we would ask that you let your study doctor know as soon as
possible. Current practice would be to continue your treatment until you reach the 3™ trimester.
At this point, after discussion with your doctor and the obstetric/midwifery team, | may be
advised to stop treatment at 32 weeks or continue treatment until my delivery date. The sponsor
will be notified of your pregnancy and its outcome in an anonymized format. This data will be
captured on the study database and held in Cape Town, South Africa. If you do become
pregnant the local research team would like to follow your pregnancy specific data up until
delivery and we will seek separate consent to do this. This data will not be transferred outside of
the hospital or provided to the sponsor

WHAT HAPPENS IF MY PARTNER GETS PREGNANT DURING THE STUDY?

There will be no requirement for us to monitor your partner’s pregnancy specific data through
their pregnancy but if you have any questions or concerns we would be happy to review these
with you

iBiSS_PATIENT INFORMATION SHEET
Final V4.0 18/09/2018
Confidential Page 7
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WHAT HAPPENS WHEN RESEARCH STOPS?
When you finish taking part in the research your treatment and subsequent follow-up will
continue as it would have had you not taken part in the study.

WHAT IF THERE IS A PROBLEM?

Any complaint about the way with which you have been dealt with during the study or any
possible harm you might have suffered will be addressed. The detailed information relating to
this is given in part 2 of this information sheet.

WILL MY TAKING PART IN THE STUDY BE KEPT CONFIDENTIAL?

Yes. All the information about your participation in this study will be kept confidential. More
details are included in Part 2 of this information sheet.

This completes Part 1

If the information in Part 1 has interested you and you are considering participation, please read
the additional information in Part 2 before making any decision.

iBiSS_PATIENT INFORMATION SHEET

Final V4.0 18/09/2018

Confidential Page 8
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PATIENT INFORMATION SHEET

PART 2

WHAT IF RELEVANT NEW INFORMATION BECOMES AVAILABLE?

Sometimes during a study, new information becomes available about the treatment that is being
studied. If this happens, your doctor will tell you about it. You can then discuss if you want to
continue the study or not. Your doctor can also decide to withdraw you from the study if it is felt
this is in your best interests.

WHAT WILL HAPPEN IF | DO NOT WANT TO CARRY ON WITH THE STUDY?

Taking part in this study is your choice. You can choose to participate in this study and then you
can change your mind. Your choice will not influence the medical care that you receive.

The study doctor may decide to remove you from this study without your permission for different
reasons:

¢ If you do not follow the procedures required by the study.

¢ If the study procedures are found to be unsafe.

¢ If the study procedures are found to be ineffective.

¢ If the study is closed.

It is important that you tell the study doctor if you want to withdraw from the study, so that they
can plan an appropriate visit to discuss withdrawal and follow up.

WHAT IF THERE IS A PROBLEM?
Complaints

If you have a concern about any aspect of this study, you should ask to speak with the research
staff who will do their best to answer your questions. If you remain unhappy and wish to
complain formally, you can do this through the NHS Complaints Procedure. Details can be
obtained from your local hospital. If you are harmed due to someone’s negligence, then you
may have grounds for legal action. If you wish to complain, or have any concerns about any
aspect of the way you have been approached or treated during the course of this study, the
normal National Health Service complaints mechanisms will be available to you.

iBiSS_PATIENT INFORMATION SHEET
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Involvement of the General Practioner/Family Doctor/Other Healthcare Practitioner

If you agree and sign a consent form to participate in the study a letter will be sent to your
GP/family doctor/health practitioner informing them of your participation. Please discuss this
with your research doctor if you have any objections to this being undertaken.

WILL MY TAKING PART IN THE STUDY BE KEPT CONFIDENTIAL?

University Hospital Southampton NHS Trust (UHS R&D) is the sponsor for this study based in
the United Kingdom. We will be using information from you and your medical records in order to
undertake this study and will act as the data controller for this study. This means we are
responsible for looking after your information and using it properly. The sponsor will retain non-
identifiable study data for 5 years after study conclusion

Your rights to access, change or move your information are limited, as we need to manage your
information in specific ways in order for the research to be reliable and accurate. If you withdraw
from the study, we will keep the information about you that we have already obtained. To
safeguard your rights, we will use the minimum personally-identifiable information possible.

You can find out more about how we use your information by contacting Dr Fraser Cummings.

University Hospital Southampton NHS Trust (the site) will keep your name, NHS number and
contact details confidential and will not pass this information to the sponsor. The site will use
this information as needed, to contact you about the research study, and make sure that
relevant information about the study is recorded for your care, and to oversee the quality of the
study. Certain individuals from the sponsor organisation and regulatory organisations may look
at your medical and research records to check the accuracy of the research study. The sponsor
will only receive information without any identifying information. The people who analyse the
information will not be able to identify you and will not be able to find out your name, NHS
number, or contact details.

The site will keep identifiable information about you from this study for 5 years after the study
has finished.

When you agree to take part in a research study, the information about your health and care
may be provided to researchers running other research studies in this organisation and in other
organisations. These organisations may be universities, NHS organisations or companies
involved in health and care research in this country or abroad. Your information will only be
used by organisations and researchers to conduct research in accordance with the UK Policy
Framework for Health and Social Care Research.
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This information will not identify you and will not be combined with other information in a way
that could identify you. The information will only be used for the purpose of health and care
research, and cannot be used to contact you or to affect your care. It will not be used to make
decisions about future services available to you, such as insurance.

The anonymised data collected for the purposes of this research will be sent to a data
management company (located in Cape Town, South Africa) so that we can analyse the results.
You cannot be identified but we will ask for your consent to this.

Following the study, the researchers may share results of the study with other researchers
which may be used to support other research in the future. You will not be identified in any of
the published data.

We will ask for you to consent to your GP being informed of your taking part in the study.

WHAT WILL HAPPEN TO ANY SAMPLES | GIVE?

The blood and stool samples you provide will be stored at The Wellcome Trust Clinical
Research Facility Prep Lab storage facility at UHS, analysed locally and the results maintained
within the normal hospital systems. These will remain at this facility throughout the duration of
the study.

Once the study is closed, we would like to retain certain samples at an HTA licensed Biobank
facility (University of Southampton Faculty of Medicine) at UHS. These samples may be used
for further research in the field of biosimilars and will be stored for up to five years. This may
involve samples being analysed by another researcher who may potentially be in the European
Union. . All samples will be fully anonmised. We will seek your consent for this. Should you
choose not to have your samples retained, this will not preclude you from the research project.

WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY?

The results of the study will be published in relevant medical and scientific journals once the
data has been reviewed by the researchers. The results will also be made available to you via
your study team (upon request) and through accessing the European Clinical Trial Database.
The results will also be reviewed by the Ethics Committee and the Medicines and Healthcare
product Regulatory Agency (MHRA) at the end of the study. We will also share the results with
patients, for example, at the IBD patient open day at UHS.

WHO IS ORGANISING AND FUNDING THIS RESEARCH?

The study is Investigator driven and sponsored by University Hospital Southampton NHS Trust.
The funding for the research has come from Biogen Idec Ltd who produce SB2.
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WHO HAS REVIEWED THE STUDY?
The study has been reviewed by Biogen Idec Ltd as part of the process for obtaining funding
and the internal Southampton trial committees.

The study will also be reviewed and approval obtained by the Research Ethics Committee and
the Medicines and Healthcare product Regulatory Agency (MHRA) before the study can
commence.

FURTHER INFORMATION AND CONTACT DETAILS

If you have any questions about the study or if you have an injury — please contact the following

persons:

Study Physician: Dr Clare Harris Telephone: 0238 120 3713

Study Physician: Dr Fraser Cummings Telephone: 0238 120 3713

iBiSS_PATIENT INFORMATION SHEET

Final V4.0 18/09/2018

Confidential Page 12
Dr Fraser Cummings-University Hospital Southampton NHS Foundation Trust

IRAS ID: 244677
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Appendix D  Informed Consent Form (ICF)

-] [m] University Hospital Southampton [\'/Z5]

NHS Foundation Trust

Trial ID: IM]JE|D|1]5]2]6 ]

Site Number: [0 |1 |
Enrolment Identification Number for this trial D:l:l

CONSENT FORM

Title of Project: IBD Biosimilar to Biosimilar Infliximab Switching Study

Short Title: iBiSS

Name of Principal Investigator: Dr Fraser Cummings

6.

Please initial

box

. | confirm that | have read the information sheet V4.0 dated 18" September 2018

for the above study. | have had the opportunity to consider the information,
ask questions and have had these answered satisfactorily.

| understand that my participation is voluntary and that | am free to withdraw at
any time without giving any reason, without my medical care or legal rights being
affected.

| understand that relevant sections of my medical notes and data collected during
the study, may be looked at by individuals involved in the trial, from regulatory

authorities or from the NHS Trust, where it is relevant to my taking part in this research.

| give permission for these individuals to have access to my records.

| am also aware anonymised data collected from the trial will be sent to a data
management company based in Cape Town, South Africa to allow the data to be
prepared ready for analysis.

| understand that certain blood samples collected will be sent for analysis as part of the
study.
| agree to my samples being sent for the purposes of the study.

| understand that certain blood samples will be collected and stored in a Biobank for

iBiSS Consent Form

Final_V4.0 18th Sep 2018

When completed: 1 for researcher site file (original); 1 for participant (copy); 1 to be kept in medical notes (copy).
IRAS ID: 244677
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use in future projects. This may involve samples being analysed by another researcher who

will potentially be within the European Union. All samples will be fully anonymised.
| agree/do not agree (delete as appropriate) to my samples being held in a biobank for
use in future projects. (You may still participate in the study if you do not agree to
retention of samples)

7. lunderstand that | may be selected to take part in an interview and answer questions

regarding my experience of switching from one biosimilar of infliximab to another.

| also understand the interview will be conducted at a setting of my choice, last for
up to 1 hour and will be audio recorded using a digital recorder and fully transcribed.
| agree/do not agree (delete as appropriate) to participate in such interviews

8. lunderstand that if | stop treatment | will be invited to participate in an interview
to understand a little more about my experiences in the study. There is no
obligation to take part in this interview.
| agree/do not agree (delete as appropriate) to be approached about such interviews

9. lunderstand that if | become pregnant during the study separate consent will
be sought from me to allow follow up from the research team
(add N/A if not applicable)

10.1 understand that if my partner becomes pregnant during my participation in
the study, | will have any questions/concerns regarding treatment answered by the
research team
(add N/A if not applicable)

11.1 understand that the results of the study may be used to support other ethically
approved research in the future, and may be shared anonymously with other
researchers

12.1 agree to my General Practitioner being informed of my participation in the study.

13. | agree to take part in the above study.

Name of Participant Date Signature

Name of Person Date Signature

taking consent

iBiSS Consent Form

Final_V4.0 18th Sep 2018

When completed: 1 for researcher site file (original); 1 for participant (copy); 1 to be kept in medical notes (copy).
IRAS ID: 244677
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Appendix E  Patient identification (ID) card

PATIENT IDENTIFICATION CARD  university Hospital Southampton [ZE3

NHS Foundation Trust

SUBJECT ID: iBiSS01-XXX

This patient is taking part in a clinical trial at University
Hospital Southampton NHS Trust with Flixabi — a biosimilar

used in the treatment of Inflammatory Bowel Disease (iBiSS).

*Please carry this card with you at all times and show it to
any doctor you visit*
Patient identification card V1.0 18 Jul 2018

CONTACT DETAILS

Lower Gl Research Team

Southampton General Hospital

& 02381203713

0 07769234251

Y% ibdresearch@uhs.nhs.uk

In case of emergency:

Contact Dr Fraser Cummings via UHS switchboard on 02380
777 222,

*Please carry this card with you at all times and show it to
any doctor you visit*
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Appendix G

Partial Mayo Clinic Score (pMCS)

Disease Activity Scores

Partial Mayo Score — for patients with UC

PARTICIPANTID iBiSSO1
INITIALS 1
DATE I __

PATIENT ID LABEL HERE

Dear patient,

Please enter the number of daily bowel motions you would have when in remission or before

your diagnosis or symptoms of ulcerative colitis began.

This number will be your normal.

Then please complete questions 1 & 2 only.

1. Stool frequency (based on the past 3 days)

Normal number of stools

1-2 stools more than normal

3-4 stools more than normal

5 or more stools more than normal

2. Rectal bleeding (based on the past 3 days)

No blood seen

Streaks of blood with stool less than half the time

Obvious blood with stool most of the time
Blood alone passed

**To be completed by medical team**

3. Physician’s Global Assessment (PGA)
Normal (sub-scores are mostly 0)
Mild disease (sub-scores are mostly 1)

Moderate disease (sub-scores are mostly 1 to 2)
Severe disease (sub-scores are mostly 2 to 3)

TOTAL SCORE

WN -0

WN -0

WN -0
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Modified Harvey Bradshaw Index

Modified Harvey-Bradshaw Index
For patients with Crohn’s Disease

PARTICIPANTID  iBiSS01
INITIALS /

T
DATE /|

Dear Patient,

PATIENT ID LABEL HERE

Please complete questions 1, 2 & 3 and base your answers on how you felt yesterday.

1. General well-being
Very well
Slightly below par
Poor
Very poor
Terrible

2. Abdominal Pain
None
Mild
Moderate
Severe

3. Number of liquid or soft stools per day (yesterda

**To be completed by medical team**

4. Additional manifestations
None
Arthralgia
Uveitis
Erythema nodosum
Aphthous ulcer
Pyoderma gangrenosum
Anal fissure
New fistula
Abscess

TOTAL SCORE

W N

WN -0

_aaa0
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General Well-being Descriptors

General well being includes fatigue in the overall rating and how you feel today.
Record the worst you have felt today.
Compare yourself to someone else of your age, how would they rank their general wellbeing?

Below are some descriptors to help you rank your category of general well being.
o Very Well: General health is not generally a problem. You're feeling very good or great and under control.

o Slightly Below Par: You're getting through things but feeling below par and not normal. Something overall is preventing
you from saying ‘I feel wonderful”. You're feeling good but not great. You can work, socialize, and function on a day to
day basis.

¢ Poor: Your symptoms bother you. You occasionally miss work, school, or social activities. You have some
embarrassing moments with faecal incontinence. You have diarrhoea, abdominal pain, fatigue, and basically just feeling
unwell, but you are still able to function. You're getting through the day, doing all your normal stuff but it is a struggle.

¢ Very Poor: You're getting through a part of the day, but can’t do your normal stuff. You can’t attend social events in
evening. You sometime leave home from work early. You feel pretty bad and are not doing much activity — only those
absolutely necessary. Your symptoms interfere with life considerably, you don’t go out or are fearful when out, you miss a
lot of school or work. Faecal incontinence happens several times per week.

o Terrible: You're unable to function. You can’'t manage the basics and you're almost bedridden. This is the worse you
have ever been. You're not working.

Abdominal Pain Descriptors

Abdominal pain may include cramping and discomfort.
It does not have to be just “pain” as we know it.

Below are some descriptors to help you rank your category of abdominal pain.

e Mild: You're aware that the abdominal pain is there but it does not interfere with your life and you continue with
activities such as work and pleasure. You feel and hear rumbles, gurgles and cramps.

e Moderate: You're aware of your abdominal pain and must alter your activities to manage the pain (i.e. lie down to rest,
postpone shopping trips until later, and take pain killers).

The pain interferes with your life and daily activities.

You may have to miss work or pleasure activities on occasion.

e Severe: Your abdominal pain causes you to stop all activity. You are frequently in bed because of the pain, you call in
sick to work and cancel all activities.
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Appendix H IBD Control PROM

IBD Control PROM — for all patients
Inflammatory Bowel Disease Control Questionnaire

PARTICIPANTID  iBiSS01
INITIALS /

I
I

DATE /

PATIENT ID LABEL HERE

Yes

No

Not sure

1. Do you believe that:

a. Your IBD has been well controlled in the past two weeks?
b. Your current treatment is useful in controlling your IBD?
(if you are not taking any treatment, please tick this box )

Better

No
change

Worse

2. Over the past two weeks, have your bowel symptoms
been getting worse, getting betters or not changed?

Yes

No

Not sure

3. In the past two weeks, did you:

a. Miss any planned activities because of IBD?

(e.g. attending school/college, going to work or a social event
b. Wake up at night because of symptoms of IBD?

c. Suffer from significant pain or discomfort?

d. Often feel lacking in energy (fatigued)?

(by ‘often’ we mean more than half the time)

e. Feel anxious or depressed because of your IBD?

f. Think you needed in a change in your treatment?

Yes

No

Not sure

4. At your next clinic visit, would you like to discuss:
a. Alternative types of drug for controlling IBD

b. Ways to adjust your own treatment

c. Side effects or difficulties with using your medicines

d. New symptoms that have developed since your last visit

5. How would you rate the OVERALL control of your IBD in the past two weeks?

(Please draw a vertical line on the scale below)

POSSIE I O O B O

POSSIBLE
CONTROL ‘

BEST
POSSIBLE
CONTROL
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Appendix | lliness Perception Questionnaire-Revised

(IPQ-R)

lliness Perception Questionnaire (IPQ-R)

PARTICIPANT ID iBiSS01
INITIALS /

I
DATE I

PATIENT ID LABEL HERE

Your views about your illness

Listed below are a number of symptoms that you may or may not have experienced since
your iliness. Please indicate by circling yes or no whether you have experienced any of
these symptoms since your illness and whether you believe that these symptoms are related

to your iliness.

| have experienced this This symptom is related to
symptom since my illness my illness
Pain Yes No Yes No
Sore throat Yes No Yes No
Nausea Yes No Yes No
Breathlessness Yes No Yes No
Weight loss Yes No Yes No
Fatigue Yes No Yes No
Stiff joints Yes No Yes No
Sore eyes Yes No Yes No
Wheeziness Yes No Yes No
Headaches Yes No Yes No
Upset stomach Yes No Yes No
Sleep difficulties Yes No Yes No
Dizziness Yes No Yes No
Loss of strength Yes No Yes No

We are interested in your own personal views of how you now see your current illness.

Please indicate how much you agree or disagree with the following statements about your

illness by ticking the appropriate box

Views about your iliness Strongly | Disagre Neither Agre | Strongl
disagree e agree nor e y agree
disagree

1.My illness will last a short time

2.My iliness is likely to be permanent
rather than temporary

3.My illness will last a long time

4.This illness will past quickly

5.1 expect to have this illness for the rest
of my life
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6.My iliness is a serious condition

7.My iliness has major consequences on
my life

8.My illness does not have much effect on
my life

9.My illness strongly affects the way
others see me

10.My illness has serious financial
consequences

11.My illness causes difficulties for those
who are close to me

12.There is a lot which | can do to control
my symptoms

13.What | do can determine whether my
illness gets better or worse

14.The course of my illness depends on
me

15.Nothing | do will affect my iliness

16.1 have the power to influence my
illness

17.My actions will have no affect on the
outcome of my illness

18.My illness will improve with time

19. There is very little that can be done to
improve my iliness

20.My treatment will be effective in curing
my illness

21.The negative effects of my illness can
be prevented (avoided) by my treatment

22.My treatment can control my illness

23.There is nothing which can help my
condition

24 . The symptoms of my condition are
puzzling to me

25.My illness is a mystery to me

26.1 don’t understand my iliness

27 My illness doesn’t make any sense to
me

28.1 have a clear picture or understanding
of my condition

29.The symptoms of my illness change a
great deal from day to day

30.My symptoms come and go in cycles

31.My iliness is very unpredictable

32.1 go through cycles in which my illness
gets better and worse

33.1 get depressed when | think about my
illness

34.When | think about my illness | get
upset

35.My illness makes me feel angry

36.My iliness does not worry me

37.Having this illness makes me feel
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anxious

38.My illness makes me feels afraid

Your views on the causes of your illness

We are interested in what you consider may have been the cause of your illness. As people
are very different, there is no correct answer for this question. We are most interested in
your own views about the factors that caused your iliness rather than what others including
doctors or family may have suggested to you. Below is a list of possible causes for your
illness. Please indicate how much you agree or disagree that they were causes for you by

ticking the appropriate box.

Possible causes Strongly | Disagre Neither Agre | Strongl
disagree e agree nor e y agree
disagree

1.Stress or worry

2.Hereditary — it runs in my family

3.A germ or virus

4.Diet or eating habits

5.Chance or bad luck

6.Poor medical care in my past

7 .Pollution in the environment

8.My own behaviour

9.My mental attitude e.g. thinking about
life negatively

10.Family problems or worries caused my
illness

11.0verwork

12.My emotional state e.g. feeling down,
lonely, anxious, empty

13.Ageing

14.Alcohol

15.Smoking

16. Accident or injury

17.My personality

18.Altered immunity

In the table below, please list in rank-order the three most important factors that you now
believe caused your illness. You may use any of the items from the box above or you may

have additional ideas of your own.

The most important causes for me:
1.

2.
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Appendix J Treatment Satisfaction Questionnaire for

Medication

Treatment Satisfaction Questionnaire for Medicatipm

(TSQM)
PARTICIPANT ID  iBiSS01

PATIENT ID LABEL HERE

INITIALS T
DATE 1
Instructions:

Please take some time to think about your level of satisfaction or dissatisfaction with the
medication you are taking. We are interested in your evaluation of the effectiveness, side
effects and convenience of the medication over the last two to three weeks, or since you last
used it. For each question, please place a single check mark next to the response that most

closely corresponds to your own experiences.

1. How satisfied or dissatisfied are you with the ability of the medication to prevent or

treat your condition?
Extremely dissatisfied
Very dissatisfied
Dissatisfied
Somewhat satisfied
Satisfied
Very satisfied
Extremely satisfied

2. How satisfied or dissatisfied are you with the way the medication relieves your

symptoms?
Extremely dissatisfied
Very dissatisfied
Dissatisfied
Somewhat satisfied
Satisfied
Very satisfied
Extremely satisfied

3. How satisfied or dissatisfied are you with the amount of time it takes the medication

to start working?
Extremely dissatisfied
Very dissatisfied
Dissatisfied
Somewhat satisfied
Satisfied
Very satisfied
Extremely satisfied

4. As aresult of taking this medication, do you experience any side effects at all?

Yes
No (if No, then please skip to Question 9)
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5. How bothersome are the side effects of the medication you take to treat your
condition?
Extremely bothersome
Very bothersome
Somewhat bothersome
A little bothersome
Not at all bothersome

6. To what extent do the side effects interfere with your physical health and ability to
function (i.e. strength, energy levels etc)?
A great deal
Quite a bit
Somewhat
Minimally
Not at all

7. To what extent do the side effects interfere with your mental function (i.e. ability to
think clearly, stay awake etc)?
A great deal
Quite a bit
Somewhat
Minimally
Not at all

8. To what degree have medication side effects affected your overall satisfaction with
the medication?
A great deal
Quite a bit
Somewhat
Minimally
Not at all

9. How easy or difficult is it to use the medication in its current form?
Extremely difficult
Very difficult
Difficult
Somewhat easy
Easy
Very easy
Extremely easy

10. How easy or difficult is it to plan when you will use the medication each time?
Extremely difficult
Very difficult
Difficult
Somewhat easy
Easy
Very easy
Extremely easy

11. How convenient or inconvenient it is to take the medication as instructed?
Extremely inconvenient
Very inconvenient
Inconvenient
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Somewhat convenient
Convenient

Very convenient
Extremely convenient

12. Overall, how confident are you taking this medication is a good thing for you?
Not at all confident
A little confident
Somewhat confident
Very confident
Extremely confident

13. How certain are you that the good things about your medication outweigh the bad
things?
Not at all certain
A little certain
Somewhat certain
Very certain
Extremely certain

14. Taking all things in to account, how satisfied or dissatisfied are you with this
medication?
Extremely dissatisfied
Very dissatisfied
Dissatisfied
Somewhat satisfied
Satisfied
Very satisfied
Extremely satisfied
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Appendix K Adverse Event (AE) Log

iBiSS AE log
No Description Start date Stop date Severity | Causality Action Other Serious | Expected? | Infusion
(DD/MM/YYYY) | (DD/MM/YYYY) taken action {Yes/No) | reaction?
with IMP | taken

Severity Causality Action taken with IMP Other action taken
Mild Mot related IP unchanged None
Moderate Unlikely IP interrupted Medication given (please log in con
Severe Passible IP stopped meds)
Life threatening Probable Hospitalisation or prolongation of
Fatal Definitely

hospitalisation
Therapeutic or diagnostic procedure
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Appendix L Serious Adverse Event (SAE) reports

SAE Report Form and Follow-up Report Form
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Appendix M Drug levels, immunogenicity and cytokine

profiles

Description of method used at the University of Lisbon by Professor Gongalves and

his team

Infliximab serum concentrations were measured using an in-house enzyme-linked
immunosorbent assay (ELISA). The limit of detection was 0.014 mg/L, and the lower limit of
quantification was 0.04mg/L. Serum concentrations of antibodies to infliximab (ATI) were
analysed using a bridging ELISA with acidic treatment, which was also capable of detecting
anti-drug antibodies (ADA) in the presence of the drug. Infliximab (0.5 mg/mL) was added to
ELISA plates (Nunc, Denmark). Serum was added and incubated for 60 minutes at room
temperature. After washing, the plates were incubated with biotin-labeled infliximab for one
hour at room temperature followed by addition of streptavidin-HRP (Thermo Scientific,
USA)(162). The reaction was developed with TMB (Thermo Scientific, USA) substrate and
stopped with 2M H2SO4. Absorbances were read at 450/540nm and the results were
expressed as pg/ml after normalisation using a standard curve of mouse anti-human
antibody (Abcam, UK). The assay’s cut-off level for detection of anti-Remicade antibodies

was 1ug/mL.

Sera samples containing ADAs for infliximab were compared for the presence of IgG1, 19G2,
IgG3 and IgG4. The levels of these antibodies for each subclass were assessed using an
adapted ELISA(163). In this assay, pre-coated plates with the anti-lgG4 antibody (Thermo
Scientific, USA) were incubated with 1/10 diluted ADA. After washing, plates were similarly
incubated with biotin-labeled infliximab for one hour at room temperature followed by
addition of streptavidin-HRP. The reaction was developed with TMB substrate and stopped

with 2M H2SO.. Absorbances were registered at 450/540nm, and the results were
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expressed as pg/ml after normalisation using a standard curve of mouse anti-human

antibody.

For cytokine analysis samples were thawed upon receipt, centrifuged and the plasma
samples were prepared in to aliquots of 70 to 125ul that were refrozen at —80°C until testing.
Thus, all samples had the same freeze-thaw history at the time of testing in each laboratory.
A Luminex/Bio-Plex instrument was used dthat was validated using a Bio-Plex validation kit
within two weeks of each assay and calibrated on assay days using a Bio-Plex or Luminex
validation kit. Each assay was performed strictly according to the manufacturer's protocol for
serum or plasma samples, utilising recommended sample dilutions and standard curve
concentrations, with all samples and standards assayed in duplicate. For Luminex assays,
thawed aliquots were gently vortexed and then centrifuged at 13,200rpm for ten minutes at
4°C immediately prior to testing. Luminex data were analysed using Bio-Plex Manager

software version 4.1 (Bio-Rad).
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Appendix N  Standards for Reporting Qualitative Research

(SRQR)

Pagelline
Title and abstract no(s)

Title - Concise description of the nature and topic of the study Identifying
the study as qualitative or indicating the approach (e.g., ethnography,
grounded theory) or data collection methods (e.g., interview, focus group) is
recommended

Abstract - Summary of key elements of the study using the abstract format
of the intended publication; typically includes background, purpose,
methods, results, and conclusions

Introduction

Problem formulation - Description and significance of the
problem/phenomenon studied; review of relevant theory and empirical work;
problem statement

Purpose or research question - Purpose of the study and specific
objectives or questions

Methods

Qualitative approach and research paradigm - Qualitative approach
(e.g., ethnography, grounded theory, case study, phenomenology, narrative
research) and guiding theory if appropriate; identifying the research
paradigm (e.g., postpositivist, constructivist/ interpretivist) is also
recommended; rationale**

Researcher characteristics and reflexivity - Researchers’ characteristics
that may influence the research, including personal attributes,
qualifications/experience, relationship with participants, assumptions, and/or
presuppositions; potential or actual interaction between researchers’
characteristics and the research questions, approach, methods, results,
and/or transferability

Context - Setting/site and salient contextual factors; rationale**

Sampling strategy - How and why research participants, documents, or
events were selected; criteria for deciding when no further sampling was
necessary (e.g., sampling saturation); rationale**

Ethical issues pertaining to human subjects - Documentation of approval
by an appropriate ethics review board and participant consent, or
explanation for lack thereof; other confidentiality and data security issues
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Data collection methods - Types of data collected; details of data
collection procedures including (as appropriate) start and stop dates of data
collection and analysis, iterative process, triangulation of sources/methods,
and modification of procedures in response to evolving study findings;
rationale**

Data collection instruments and technologies - Description of
instruments (e.g., interview guides, questionnaires) and devices (e.g., audio
recorders) used for data collection; if/fhow the instrument(s) changed over
the course of the study

Units of study - Number and relevant characteristics of participants,
documents, or events included in the study; level of participation (could be
reported in results)

Data processing - Methods for processing data prior to and during
analysis, including transcription, data entry, data management and security,
verification of data integrity, data coding, and anonymization/de-
identification of excerpts

Data analysis - Process by which inferences, themes, etc., were identified
and developed, including the researchers involved in data analysis; usually
references a specific paradigm or approach; rationale**

Techniques to enhance trustworthiness - Techniques to enhance
trustworthiness and credibility of data analysis (e.g., member checking,
audit trail, triangulation); rationale**

Results/findings

Synthesis and interpretation - Main findings (e.g., interpretations,
inferences, and themes); might include development of a theory or model,
or integration with prior research or theory

Links to empirical data - Evidence (e.g., quotes, field notes, text excerpts,
photographs) to substantiate analytic findings

Discussion

Integration with prior work, implications, transferability, and
contribution(s) to the field - Short summary of main findings; explanation
of how findings and conclusions connect to, support, elaborate on, or
challenge conclusions of earlier scholarship; discussion of scope of
application/generalizability; identification of unique contribution(s) to
scholarship in a discipline or field

Limitations - Trustworthiness and limitations of findings

Other

Conflicts of interest - Potential sources of influence or perceived influence
on study conduct and conclusions; how these were managed

Funding - Sources of funding and other support; role of funders in data
collection, interpretation, and reporting
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*The authors created the SRQR by searching the literature to identify guidelines,
reporting standards, and critical appraisal criteria for qualitative research; reviewing
the reference lists of retrieved sources; and contacting experts to gain feedback.
The SRQR aims to improve the transparency of all aspects of qualitative research
by providing clear standards for reporting qualitative research.

**The rationale should briefly discuss the justification for choosing that theory,
approach, method, or technique rather than other options available, the
assumptions and limitations implicit in those choices, and how those choices
influence study conclusions and transferability. As appropriate, the rationale for
several items might be discussed together.
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Appendix O Topic guides

TOPIC GUIDE FOR INTERVIEW TO EXPLORE THE SWITCHING EXPERIENCE FROM
CT-P13 TO SB2 IN PATIENTS WITH ULCERATIVE COLITIS (UC) OR CROHN’S
DISEASE (CD)

Introduction:
Re-confirm consent to participate (written consent will have been obtained on recruitment)

Explain role of interviewer:

“My role here is as a research student. My background is that | am a specialist doctor in
gastroenterology with experience in inflammatory bowel disease. | am frequently involved in
the medical care of patients with IBD and prescribing medications such as infliximab.

However, my role today is to understand your experience of this situation - having your
medication switched. It is important for you to understand that there are no right or wrong
answers and | am purely interested in your thoughts and views. All your responses will
remain anonymised and have no bearing on your ongoing clinical care.”

Confirm consent to audio record and turn on audio recorder.
‘I may take occasional notes to remind myself to ask you something instead of interrupting

you.

Questions:
Can you tell me your thoughts on the information that was provided to you regarding
this planned switch of your infusion and how this was discussed with you?
If not volunteered — specifically probe about;

- How information was communicated?

- Clarity of information?

- Timing?

- What worked well?

- Were there any major problems?

- How could we improve this process?

- Did it matter to you who gave you the information?

Were you given the opportunity to discuss this? Was this important to you?

Have you previously been involved in a switch from one type of infliximab to another?
Can you tell me your experience of that?
If not volunteered — specifically probe about;

- How this switch related to the first experience of switching to a biosimilar?

- Would you have liked further information since you first switched?

- In what format and why?

- Was it easier to switch this time given you have had previous experience? Or

conversely, was it harder because of your previous experience?
- What aspects of the previous switch made you willing to switch again this time?

What is your understanding of ‘biosimilars’?

Do you have any concerns about this switch?
If not volunteered —
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- Specifically probe about safety, efficacy.
- Any concerns about disease flares following the switch if currently in remission?

Do you see/have you experienced any major positive benefits to this switch?

If there is a cost saving from switching do you have any strong views on where this
should be invested in the NHS?

Given your experience over the last 3-4 months, what would your views be on being
asked to switch your medication again in the future?

Of all the information that you were given, which parts do you think would be most
useful for other patients who are being asked to switch medicines in usual clinical
practice in the future when they are NOT part of a research trial?

Ending

Is there anything else you would like to tell me today?
Turn off recorder.

Thank you.
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TOPIC GUIDE FOR SUBJECTS WHO DISCONTINUED EARLY DURING THE TRIAL
PERIOD DUE TO PATIENT CHOICE

Introduction:
Re-confirm consent to participate (written consent will have been obtained on recruitment)

Explain role of interviewer:

“My role here is as a research student. My background is that | am a specialist doctor in
gastroenterology with experience in inflammatory bowel disease. | am frequently involved in
the medical care of patients with IBD and prescribing medications such as infliximab.

However, my role today is to understand your experience of this situation - having your
medication switched. | would particularly like to focus on the reasons why the medication
was stopped and your views about this. It is important for you to understand that there are
no right or wrong answers and | am purely interested in your thoughts and views. All your
responses will remain anonymised and have no bearing on your ongoing clinical care.”

Confirm consent to audio record and turn on audio recorder.
“I may take occasional notes to remind myself to ask you something instead of interrupting

you.

Questions:
Can you tell me your thoughts on the information that was provided to you regarding
this planned switch of your infusion and how this was discussed with you?
If not volunteered — specifically probe about;
- How information was communicated?
- Clarity of information?
- Timing?
- What worked well?
- Were there any major problems?
- How could we improve this process?

Were you given the opportunity to discuss this? Was this important to you?
What is your understanding of ‘biosimilars’?

What were your reasons for wanting to stop this particular medication?
If not volunteered —
- Probe about side effects, relapse of disease?
- Ask about severity of these and effects on day to day life.
- Do you attribute these changes to the new infusion? Could there be any other
causes?
- Do you see stopping this medication as the only option?

Have you had similar problems previously with biologic medication used for IBD?
Can you tell me your experiences of this?

Have you previously been involved in a switch from one type of infliximab to another?
Can you tell me your experience of that?
If not volunteered — specifically probe about;
- Was your experience good or bad?
- How did this switch relate to the first experience of switching to a biosimilar?
- Was it easier to switch this time given you have had previous experience? Or
conversely, was it harder because of your previous experience?
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- What aspects of the previous switch made you willing to switch again this time?

Did you have any concerns prior to the switch? Did you discuss these with anyone?
Were they acknowledged?
If not volunteered —
- Specifically probe about safety, efficacy.
- Any concerns about disease flares following the switch if they were in remission at
the time of the switch?

Did you predict that this may happen and that you may have to stop the medication?
Have there been any positive aspects to this switch for you?

Given your experience over the last 3-4 months, what would your views be on being
asked to switch your medication again in the future?

If subjects states that they would be unwilling based on this experience — Is there anything
that would help you to reconsider this? If so, what? Can you explain a bit more for
me?

Consider things such;

Further information/reassurance.

- By whom?

At what time point in the process?

In what format?

Of all the information that you were given, which parts do you think would be most
useful for other patients who are being asked to switch medicines in usual clinical
practice in the future when they are NOT part of a research trial?

Ending

Is there anything else you would like to tell me today?
Turn off recorder.

Thank you.
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TOPIC GUIDE FOR SUBJECTS WHO DECLINED TO TAKE PART IN THE SWITCH
FROM CTP-13 TO SB2 FROM THE OUTSET DUE TO THEIR OWN CHOICE

Introduction:
Re-confirm consent to participate.

Explain role of interviewer:

“My role here is as a research student. My background is that | am a specialist doctor in
gastroenterology with experience in inflammatory bowel disease. | am frequently involved in
the medical care of patients with IBD and prescribing medications such as infliximab.

However, my role today is to understand your experience of this situation. | would
particularly like to focus on your reasons for not wanting to take part in the switch from one
brand of Infliximab to the other. It is important for you to understand that there are no right or
wrong answers and | am purely interested in your thoughts and views. All your responses
will remain anonymised and have no bearing on your ongoing clinical care.”

Confirm consent to audio record and turn on audio recorder.
“I may take occasional notes to remind myself to ask you something instead of interrupting

you.

Questions:
Can you tell me your thoughts on the information that was provided to you regarding
the planned switch from one brand of Infliximab to the other and how this was
discussed with you?
If not volunteered — specifically probe about;

- How information was communicated?

- Clarity of information?

- Timing?

- What worked well?

- Were there any major problems?

- How could we improve this process?

Were you given the opportunity to discuss this? Was this important to you?
What is your understanding of ‘biosimilars’?
What were your reasons for not wanting to take part in the switch?
If not volunteered —

- Probe about side effects, safety, efficacy, concerns about relapse?
Did your current clinical status influence your decision to remain on CTP-13?
Have you previously been involved in a switch from one type of infliximab to another?
Can you tell me your experience of that?
If not volunteered — specifically probe about;

- Was your experience good or bad?

- Did your previous experience affect your decision to not swap this time?

In the future, it is likely that you will be asked to switch to SB2 as part of routine NHS
care. Can you tell me your thoughts about that?
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At the time the switch was first discussed with you was there anything that we could
have said or done for you to reconsider this? If so, what? Can you explain a bit more

for me?

Consider things such;
- Further information/reassurance.
- By whom?
- At what time point in the process?
- In what format?

Ending

Is there anything else you would like to tell me today?
Turn off recorder.

Thank you.
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