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Abstract

Introduction: Out-of-hospital self-care in patients receiving injectable
biologically derived medicines (biologics) is reported to significantly improve
patients’ quality of life and reduce hospitalisations, but unexpected
complications produce some negative outcomes in health and patient
experience.

Aim: This study aimed to conduct systematic reviews and meta-analyses of
published studies to compare health outcomes and therapy complications
between long-term injectable antibiotic and biologic therapies compared to
placebo or conventional treatment, in and out of the hospital settings for
patients diagnosed with inflammatory bowel diseases (IBD), rheumatoid arthritis
(RA), psoriasis and infections.

Methods and design: To achieve the study aim, five systematic review and
meta-analyses were carried out to compare outcomes and complications
between long-term injectable antibiotic and biologic therapies to a control
therapy. The context was based on ‘out of the hospital’ settings for patients
diagnosed with IBD, RA, psoriasis and infections.

Results: The first review investigated injectable biologics in treating IBD. The
test for overall effect demonstrated biologics were effective compared to control
(p< 0.001) and did not cause statistically significant death (p = 0.91) or mild side
effects (p = 0.29) but produced more significant severe side effects (p <0.001).
The second review focused on injectable biologics in treating rheumatoid
arthritis. Biologics were effective compared to control (p < 0.0001) and did not
cause statistically significant death (p = 0.24), severe side effects (p = 0.98) or
mild side effects (p = 0.48) compared to the control group. The third review was
on injectable biologics in psoriasis. The results demonstrated that biologics,
while were effective compared to control (p = 0.01) and caused severe side
effects (p = 0.02) but mild-moderate side effects (p = 0.17) were not statistically
different in both groups. The fourth review looked at patient preference for self-
administering subcutaneous injections at home (intervention) vs. intravenous
injections in a hospital inpatient or outpatient setting. There was a statistically
significant difference between homecare (intervention) and hospital (control)
group (p = 0.05). The fifth review was on injectable antibiotics. The results
demonstrated that the use of injectable antibiotics, at home (intervention) or in
hospital (control) produced similar benefits (p = 0.30 cure and p = 0.90
treatment failure) and harm (hospital admission after and during treatment p =
0.64, p = 0.99 respectively, disease complications p = 0.77 and medications
side effects p = 0.15).

Conclusion: This research found no substantial disparities in patient outcomes
based upon setting. Homecare is an essential option to ensure patient
autonomy and wellbeing. The recent global COVID-19 pandemic further
highlighted the importance of an option to continue long term disease
management without hospitalisation.

Key words: Antibiotics, biologics, injectables, self-management, home care,
out of hospital care
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Chapter I: General Introduction

1.1 Chapter overview

This chapter provides an overview of the key issues, and essential literature,
relating to the challenges and opportunities concerning patients' injectable
medications and self-care at home. The two areas of focus for this study were
injectable antibiotics and injectable biologicals used in multiple conditions, to
understand the impact on patients’ outcomes, comparing those outcomes
between hospital settings and self-administration in the homecare settings.
Consequently, this chapter provides the requisite background on underlying
issues, as well as an overview of the fundamental concepts such as: chronic
diseases in terms of their prevalence and management; the treatment and
recovery support interventions; available care models and technologies around
home parenteral therapy. The chapter ends with an outline of the aim and
objectives of the study.

1.2 Background

Self-care is an important and intrinsic component of medical treatment. Patients
who practice self-management have been found to have significantly improved
medical outcomes, with fewer hospitalisations, improved quality of life, and
higher survival rates (Jonkman et al., 2016). Self-management of chronic
conditions has been described as maintaining health through practicing health-
promoting habits (Riegel, Jaarsma, and Stromberg, 2012). Self-management
encompasses diverse behaviours in which an individual suffering from chronic
illness engages to maintain emotional and physical stability. Such behavioural
patterns include sufficient sleep, adherence to prescribed medication, stress
management, and physical alertness (Riegel et al., 2021). Sadly, many patients

cannot manage their illnesses properly (Newman, Steed, and Mulligan, 2004).
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This limitation led to the development of many self-management support
programmes over the past years (Newman et al., 2004). Developing an
effective self-management support system has been met with challenges,
mainly due to the diversity of patients and chronic illnesses (Newman et al.,
2004). Hence, some patients might require support in taking their medicines,
while others might need support doing and during exercise (Newman et al.,
2004). Therefore, understanding a patient’s personal needs is crucial to the
success of these programmes.

The treatment of chronic illness is, and must continue to be, the greatest priority
(Schmidt, 2016). To provide optimum treatment to patients, practitioners should
appreciate the significance of patient participation and the importance of them
being able to understand their conditions and what is asked of them to do
(Fulmer et al., 2021). The authors further identified six vital directions to improve
care and quality of life for older Americans (health costs and financing, early
childhood and maternal health, mental health and addiction, better health and
health care for older adults, and infectious disease threats). However, even
though it may seem "common sense," there has been little collaboration or
integration of self-management efforts into the patients’ healthcare plans
(Dineen-Griffin et al., 2019). For self-management to be successful,
practitioners, patients, caregivers, and healthcare organisations must be
proactive in their engagement with one another. A coordinated approach used
by all parties improved patient care and enabled patients with various chronic
illnesses to be treated more efficiently (Dineen-Griffin et al., 2019). To arrive at
this conclusion, Dineen-Griffin et al. (2019) retrieved 6,510 citations. Some
4,831 records were screened by title and abstract after duplicates were

removed. Fifty-eight RCTs/c-RCTs (reported in 80 citations) met the review
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criteria and were included in this systematic review after a full-text review. The
studies included came from 18 different nations, the majority from the United
Kingdom (UK) and the United States (US). Type 2 Diabetes Mellites (T2DM)
(37.9%, n = 22), Chronic Obstructive Pulmonary Disease (COPD) (20.7%, n =
12), and depression (13.8%, n = 8) were the most frequently addressed
conditions. In their study, most of the interventions were provided by general
practitioners (GP/s) or nurses who specialized in respiratory, diabetic, and
mental health areas. In fourteen trials, telephone reminders message
interventions were given in primary care teams with multiple health care
professionals from various disciplines (24%, n = 14).

Comorbidities and complex medication regimens may make self-care more
complex, especially in patients with challenging physical limitations or cognitive
function impairment (Goldstein et al., 2017; Shippee et al., 2012; Zulman et al.,
2014). While health professionals are responsible for ensuring that patients
receive complete and accurate information about their disorder(s) and
treatment, patients must be able to actively engage in their healthcare.
According to the Study of Global Diseases Burden group (2010) published in
the United Kingdom (UK), the number of years lived with a disability is
increasing because of the increase in chronic diseases and the aging
population (Garnett et al., 2020).

According to the Department of Health, “a long-term condition (LTC) is a
condition that cannot, at present, be cured but is controlled by medication
and/or other treatment/therapies” (UK DoH, 2021). About 15 million individuals
live in England and Wales with an LTC, accounting for 70% of the country's
health and social care budget (National Health Service, 2022). A total of 2

million individuals in Scotland live with at least one LTCs (Scottish Government,
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2015).

The treatment for LTCs is typically dependent on the unique characteristics of
the specific condition; however, because of increased demand for healthcare
services, patient involvement and self-care has increasingly gained prominence
and is typically regarded as a critical component of contemporary models of
healthcare delivery (Nilsen et al., 2020).

1.3 Chronic Diseases

Chronic diseases are broadly defined as conditions that last longer than one
year and require ongoing medical attention (Akarsu, 2020; Jayathilaka et al.,
2020). However, Booth et al. (2017) define chronic diseases as slow in their
progress and long in their continuance, as compared to acute diseases, which
are defined by a swift and short course. The National Health Services (NHS,
2021) defines chronic diseases as conditions that, in most cases, cannot be
cured but can only be controlled. In addition, NHS states that most chronic
diseases are lifelong and life-limiting, and with progression or poor control, they
reduce the patient quality of life (QoL). The World Health Organization (WHO)
defines chronic diseases as ailments with long duration and slow progression
(Zemedikun et al., 2021).

1.3.2 Chronic diseases management

Chronic disease management (CDM) refers to ongoing care and support, such
as self-care skills, knowledge about the condition and medications used, timely
and continuous healthcare, and resources required to slow the disease
progression, improve health and social care and QoL (Reynolds et al., 2018).
The chronic diseases healthcare model (CCM) is one of the most used
frameworks for improving the quality of chronic diseases healthcare. Developed

in the 1990s, CCM is an organisational approach to caring for patients with
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chronic conditions designed for primary care settings (Reynolds et al., 2018).
The CCM model can be utilised as a guide to system enhancements to offer
high-quality chronic disease management. For many years, the NHS has been
exploring ways to reduce this burden by lowering the prevalence of chronic
diseases. However, self-care and medication management are sometimes
difficult, particularly among patients with limited knowledge about their diseases
and medications (Vanwesemael, Boussery, and Dilles, 2020).

Notably, when self-managing medications, patients must note changes in their
physical or mental well-being or complications related to a particular condition
they are diagnosed with. Nevertheless, effective self-managing medications can
positively impact patients' health and facilitate recovery at a relatively rapid rate
(Vanwesemael et al., 2018).

1.3.4 Inpatient and outpatient healthcare

According to the WHO (2019), inpatient care is when a patient is hospitalised
for a period equal to or exceeding 24 hours. During hospitalisation, patients
remain under the full supervision, monitoring, and observation of the treating
healthcare team (Law, 2017). On the other hand, outpatient care refers to any
healthcare consultation, procedure, treatment, or other related healthcare
services, which are administered to the patient in primary or secondary care but
without the need for hospitalisation, which can be observation, or a day
procedure (e.g., administration of chemotherapy treatment cycle) for a period
under 24 hours. Although hospitals have been considerably modernised,
making wards highly habitable and serene for patients, it is still impossible to
fully replicate a home environment such as freely interacting with family
members and making food choices, engaging in normal life activities, which can

facilitate the healing process for some patients (Zwerink et al., 2014). Another
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leading benefit of outpatient care is the reduced cost of healthcare services
compared to inpatient care. The cost of private insurance is also relatively lower
for outpatient care compared to inpatient care. According to the Health
Foundation, the top 5% of the total healthcare cost in the UK is inpatient care
(Jones, Kwong, and Warburton, 2021).

Homecare or home healthcare is a system rendered by skilled practitioners to
patients, in the patient’'s home, as opposed to hospitals. Home healthcare
includes, but is not limited to, medical care, nursing care, social services, and
occupational and language therapy. Disease management often includes
interventions structured to mitigate one or more chronic conditions using a
multidisciplinary approach and with the help of a group of treatment modalities
(O’Connell et al., 2018).

However, while homecare services aim to facilitate patient autonomy and
independence, they are predominantly designed to reduce the high expenses
resulting from long-term hospitalisation and the shortage of hospital beds (Jarrin
et al., 2014). Usually, a given patient is considered for home healthcare
following their request or a caregiver’s request or based on a recommendation
from their clinical teams (Novak and Berry, 2014). Another motivating factor is
the perceived positive impact of home healthcare on patients’ health outcomes
(Bartholdson et al., 2021).

The development of new technologies plays a notable role in the increased
preference for home-based healthcare (Lindberg et al., 2013). The capacity of a
person to manage their symptoms, and treatment, understand the treatment vs.
no treatment, physical and psychological repercussions, and lifestyle
adjustments that come with living with a chronic illness are referred to as self-

care, which includes medication management (Holman and Lorig, 2004).
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Efficient and effective patient self-care is seen to enhance their health outcomes
(Hosseinzadeh and Shnaigat, 2019; Vennedey et al., 2020).

Out-of-hospital and inclusive homecare settings are best suited for promoting
self-efficacy and adequacy in medication management aspects of self-care
(Wringe et al., 2010). The programs also involve the involvement of families and
communities in program planning and delivery. However, considering that there
are significant risks and challenges to homecare medication administration in
the broader context, Zikhathile (2018) concluded that patients with chronic
conditions should have the autonomy to choose clinicians to assess patient
suitability and the presence of appropriate and sufficient patient support
infrastructure (Zikhathile and Atagana, 2018).

Zhang et al. (2019) suggested that the healing-built environment has varying
implications on health outcomes and is thus critical for patients with chronic
conditions (Zhang, Tzortzopoulos and Kagioglou, 2019). As for the case of an
inclusive homecare environment, the physical environment plays a critical role
in supporting care services and patients’ interactions. Digital health has several
advantages when patient care is transferred from one healthcare practitioner
(HCPs) to another and offers visibility to the patients regarding their healthcare
data. Digital health population data can also inform the NHS policy and public
health campaigns (Nwaru et al., 2017).

The Welsh Health and Social Services Department uses a digital health and
social care strategy called ‘informed health and care’, which allows the patient
to see their health records (PHR) and share them with other HCPs (Sheikh et
al., 2021). Encompass, a single digital health record was announced as part of
Northern Ireland’'s eHealth and care strategy in 2016, and it is expected to be

fully implemented by 2025. Consolidating IT systems into a single national
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platform was announced by Scotland in 2018 with the publication of Scotland's
digital health and care strategy. England's Department of Health and Social
Care (DHSC) published the future of healthcare: our vision for digital, data, and
technology in health and care (Nwaru et al., 2017), followed by the NHS long-
term plan in 2019 (Kapur, 2020), included a series of commitments that together
outline a path to digitally enabled care. A new organization called NHSX has
been formed in England to carry out these promises and supervise multiple
program teams, all of which deal with topics including artificial intelligence (Al),
cyber security, and data transformation and policy (NHSX, 2019).

1.3.5 Care considerations for patients with chronic conditions

Self-care and management of chronic conditions are dynamic processes
involving active disease management, including medications used to treat and
prevent their complications (Schulman-Green et al., 2012). The most efficient
self-care approaches involve monitoring therapy outcomes and optimising the
use of medications and behavioural, cognitive, and emotional strategies to lead
to a satisfactory QoL (Schulman-Green et al., 2012). Self-care is thus an
integral element of the maintenance of wellness and management of ilinesses.
The efficacy of self-administration of medications is essential for those patients
who experience multiple chronic conditions (Hajat and Stein, 2018). Physicians
are obligated to ensure that patients have sufficient information about their
chronic conditions and how they affect their bodies and general well-being. Watt
and Kennedy (2016) allude that focusing on improving self-efficacy skills is
necessary for people to take care of their bodies and reduce the progression of
chronic conditions. Therefore, according to the authors, the scope of self-care is
for people to learn about their chronic illnesses and take ownership of their

health requirements (O’Connell et al., 2018). It was also suggested that
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patients' self-efficacy would enable them to focus on managing their disease
trajectory and life needs (Wringe et al., 2010).

The progression of chronic conditions can be slowed by improving lifestyle
choices and patient self-care efficacy, supported by nurses as the critical
healthcare professionals (HCPs in the forefront in homecare settings (Grady
and Gough, 2014). van de Velde et al. (2019) reported that self-care concerning
chronic conditions is a complex concept with considerable ambiguity. The self-
care attributes are divided into three critical aspects; “person-oriented aspects,
summarising aspects, and person-environment-oriented aspects,” which are
enforced by the person-environment aspects such as having sufficient
information about the condition and its treatment (van de Velde et al., 2019).
The authors suggested that there should be an individualised expression of
needs, values, and priorities during the treatment process, such as
consideration of self-care as a lifelong task, assumption of personal skills and
capability, patient social role, and emotional status.

1.3.1 Chronic diseases prevalence

Chronic diseases are among the leading causes of death in the world. In the
United States of America (USA), chronic diseases such as diabetes, heart
disease, and cancer are among the leading causes of disability and account for
70% (1.7 million annually) of deaths (Booth et al., 2017; Booth, Roberts and
Laye, 2012). According to the USA Centres for Disease Control and Prevention
(CDC), chronic diseases are the leading drivers of the high annual healthcare
cost in the USA. Bernell and Howard (2016) stated that the USA National
Health Council bears a cumulative annual economic burden of over US$1.3
trillion from seven leading chronic diseases, hypertension, cancer, stroke,

diabetes, pulmonary conditions, stroke, and mental ilinesses.
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Chronic diseases are also significant health problems in the UK, where over 15
million British people are reported to have chronic conditions. With no cure,
patients’ survival is limited to good management of these conditions through
various approaches, including medicines. COPD, arthritis, diabetes, and
hypertension, are the leading chronic diseases in the UK (Department of Health,
2012). According to WHO (2019), chronic diseases threaten progress towards
the 2030 Agenda for Sustainable Development Goals, which includes a target
of reducing premature deaths from non-communicable diseases (NCDs) by
one-third by 2030. In addition, it was also stated that poverty is closely linked
with NCDs.

1.4 Treatment and Recovery Support Interventions

There is a rise in patients' needs for self-care support interventions. Greaves
and Campbell (2007) indicate that in planning for healthcare provision, essential
choices need to be made about the individual's benefits and disadvantages and
the extent to which these interventions will promote the best patient outcomes.
Self-care includes disease prevention, treatment, health promotion,
rehabilitation, and palliative care (Jaarsma et al., 2020). They also referred to
self-care as maintaining self-health through adherence to treatment regimens
and health-promoting practices. The process also involves disease monitoring,
managing symptoms when they occur, and the recovery process.

However, there is an unclear global definition of self-care. The most commonly
used definition for emotional self-care is by Riegel et al. (2019), who described
it as allowing oneself to feel emotions for what they are and being able to do the
things one enjoys with work-life balance. While effective self-care and
medication management reduce hospitalisations and prolonged survival,

healthcare is often compartmentalised into subspecialties and specialties, with a
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noticeable lack of shared communication (Riegel et al., 2021).

When patients' daily self-care needs exceed the available amount of time, they
must determine which activities to prioritise, that will benefit more than one
condition (Gobeil-Lavoie et al., 2019). Patients with complex needs may
experience poor energy and lack motivation to self-care and may report feelings
of sadness, anger, and worries (Riegel et al., 2019). Patients diagnosed with
chronic diseases are at high risk of depression, which may impact their ability of
decision-making (Gobeil-Lavoie et al., 2019; Udlis, 2011). The other theme is
the increased risk of presenting poor self-efficacy. Self-efficacy refers to the
patient beliefs about their ability to complete a particular task based on personal
past experience, observation of others and their emotion towards the task.
Patients with more comorbidities are at risk of poor self-efficacy. Those with low
self-efficacy may have trouble changing their lifestyle habits leading to frequent
hospital visits (Gobeil-Lavoie et al., 2019). Patients with multi-morbidity and
poor socioeconomic status have lower health outcomes and poor aging
compared to others from high socioeconomic backgrounds who have the same
multimorbidity (Farley, 2020; Udlis, 2011). Starting many such changes at once
may overburden the patient and their self-efficacy limit (Udlis, 2011). Treatment
goals should be carefully selected based on patient conditions' complexity,
motivation, and willingness to oversee their health (Gobeil-Lavoie et al., 2019).
1.4.1 Patient-centred self-management principles

Health-care providers are crucial in providing effective health care for the
population. This collaborative effort is important in achieving the therapeutic
goal of disease prevention and management (Anderson, 2002). Pharmacists, as
major players in the health care sector, have had their job description transcend

from medication supply, to resolving drug-related problems, disease
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management, vaccination, and patient monitoring (de Oliveira and Shoemaker,
2006). However, there has been a paradigm shift in pharmacy practice. This
started in the 1990s when Hepler and Strand introduced the concept of
pharmaceutical care, which put the patients as the fulcrum of pharmacy practice
(Hepler and Strand, 1990; de Oliveira and Shoemaker, 2006). Stewart (2001)
elaborated further on the concept of patient-centered care “Exploring the
experience caused by the disease and illness.” Understanding the personality of
the individual involved and coming to a consensus with the patients concerning
management, integrating prevention and health promotion and encouraging
doctor-patient rapport and openness (Mauksch et al., 2008).

Thus, in patient-centered care, patients are seen as experiencing individuals
instead of persons to whom must be administered an intervention, which makes
it very important to understand the patient’s perception of their illness (Mead
and Bower 2000). In the UK, a review by the King’s Fund recommended that all
patients in care homes have their medications overseen/supervised by a
pharmacist. The pharmacist must take overall responsibility for medicines used
in the care homes (Nicholson and Stone, 1978). The Royal Pharmaceutical
Society (RPS) also published a proceeding titled “Medicines Optimization:
Helping Patients make the Most of Medicines” this publication provides a guide
to healthcare providers in England to help patients get the best results from
their medication (RPS, 2013).

Another effort to facilitate patient-centered pharmaceutical experience was the
National Institute for Health and Care Excellence (NICE) guideline in 2015. The
whole idea of this guideline was to ensure that the intended use of a medicine is
optimized. This report emphasized that patients must be involved in medication

decision-making, and pharmacists must be cognizant of patients’ needs,

26



preferences and wishes (McCambridge et al., 2021). Mills et al. (2017) note the
USA agency defines self-management support for healthcare research and
quality as “the help given to people with chronic conditions that enables them to
manage their health on a day-to-day basis” (Mills et al., 2017). Effective self-
management support is the product of the interaction between the patient,
HCPs, and social care. Huygens et al. (2016) mention that aspects of eHealth
for home-based care should be tailored to the patient. The authors establish
that patients perceived controllability over their chronic conditions plays a
fundamental role in the willingness of the patients to use eHealth for self-
management practices (Huygens et al., 2016). Self-management interventions
are intended to increase patients' skills and confidence in managing their
chronic conditions (Nifio de Guzman Quispe et al., 2021).

1.4.2 Medication Self-Management for Chronic Conditions
Self-management involves the extent to which a patient uses medication as
prescribed by the physician (Howell et al., 2017). This includes the correct
dosage, spacing, frequency, and the medication's continued safety over time.
The authors report that several approaches have been initiated to formally
assess self-medication skills among patients. The researchers established an
association between cognitive impairment, a chronic condition, and poor
medication self-management skills (Howell et al., 2017). They also established
links between poor post-discharge outcomes and cognitive impairment. Their
study was based on patients with heart failure transitioning from hospital to
home-based care.

Living with chronic diseases is challenging, as it interferes with most aspects of
an individual’s life. Patients sometimes have no choice but to readjust their

lifestyle, life aspirations, and employment. In addition to this, chronically ill
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patients face other issues such as social isolation, feelings of anger, distress,
hopelessness, anxiety, frustration, and depression (Cocksedge, Simon and
Shankar, 2014; Gerontoukou et al., 2015; Theeke and Mallow, 2013). In
addition to the long-term psychological stress on patients themselves, chronic
illness also brings about psychological stress on family members and carers.

It has been reported that family members of patients who are chronically ill tend
to also be diagnosed with depression (Areia et al., 2019; Fasse et al., 2015;
Govina et al., 2015; Grande et al., 2018; Kissane et al., 1994), anxiety (Perez-
Ordodiez et al., 2016; Rumpold et al., 2016), heightened burden (Govina et al.,
2015; Rha et al., 2015), and complicated anticipatory grief responses
(Tomarken et al., 2008). The quality of life of family-care givers also tends to
reduce (Morishita and Kamibeppu, 2014), and they are at higher risk of
developing some illnesses such as hypertension and constipation (Haley et al.,
2000), followed by an increased risk of mortality (Schulz and Sherwood, 2008).
In the aged population with chronic conditions, dysphagia and dexterity
problems become more prevalent to cause problems in their ability to take their
medications, additionally, undesirable medication storage and disposal due to
limitations in their mobility (Maresova et al., 2019; Cuerda et al., 2021). Patients'
safety and quality of care can be improved by teaching and assisting carers
(family and health care providers), as it was suggested by Archbold et al. (1995)
and McDonald et al. (2005). Murtaugh et al. (2005) stated that nurses received
"just-in-time" e-mail reminders with evidence-based care and disease-specific
information, which led to patients’ outcomes improvement in all cases, e.g., pain
management, QolL, satisfaction with care, and other characteristics linked with
increased quality of service. Research has shown that interventions based on a

provider’'s specialisation have had positive patient outcomes (Naylor, 2000;
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Neff, Madigan, and Narsavage, 2003; Weaver et al., 2003).

There is evidence that the provision of patient education by advanced nurse
practitioners has a favourable impact on the quality of life of patients diagnosed
with COPD and congestive heart failure (CHF) in transitional and residential
homecare compared to no education, where patients reported fewer low mood
symptoms and an increase in functional abilities (Naylor, 2000; Neff et al.,
2003). As a result of a nurse practitioner’s cognitive incontinence therapy, urine
incontinence incidents among patients were reduced. Another example of
support is the add-on care delivered under the American veteran’s affairs home-
based primary care program by a veteran’s affairs team-managed primary care,
which meant that veterans had access to 24-hour on-call nurse care (Daly et al.,
2005).

1.5 Care Models and Technologies

Ellenbecker et al. (2008) recommended that out-of-hospital and homecare
services should be performed under the direction of physicians. For long-term
medication, self-management in the aged patient, including injectables, and
homecare environments, cases should be assessed, and any difficulties must
be managed through occupational therapy specialists (Ellenbecker et al., 2008).
The authors also stated that for the patient to be suitable for homecare therapy,
they need to exhibit a high degree of autonomy, availability of informal
caregivers whenever possible, and address situational variables, which are
often unique to every patient and out-of-hospital setting.

The Landers et al. (2016) USA study “the future of home healthcare” found that
the lower cost of homecare motivated organisations to use homecare (Landers
et al., 2016). According to data in this report, it was found that patient outcomes

mostly improve after obtaining home health care. According to statistics from
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"Home Health Compare," 89% of wounds improved or healed following surgery
after receiving home health care, 67%had less discomfort while moving around,
66% improved their bathing skills, and 64% improved their breathing (Avalere,
2020). Given the high frequency of chronic disease among home health
patients; 83% of Medicare home health patients have three or more chronic
disorders, compared to 60% of the total Medicare population (Avalere, 2020).
The "statement on homecare for patients with respiratory disorders” (2005)
stated that the healthcare for patients with respiratory conditions, who live at
home, should be planned in the context of the patient and the provider's
capacity, and be holistic and multidisciplinary. The needs vary based on the age
and condition of patients. Children, for instance, must have early services to
thrive and achieve normal age-dependent developmental growth.

These changes show that healthcare is becoming increasingly complex and are
having a big impact on how healthcare is provided (Royston, 1998). As a result
of increasing chances for early intervention, and greater acknowledgment in
certain nations of the benefits of reducing the burden of disease as a means of
alleviating the strain on health systems, the balance between treatment and
prevention is shifting (Wanless, 2002). With a £30 billion forecasted NHS
expenditure for 2022, it will be more feasible to incorporate prevention at all
phases of treatment (The Kings Fund, 2022). Instead of merely transferring
resources from treatment to prevention. Although there is a lack of available
data on the cost of inpatient and outpatient treatment, Elliott et al. (2005)
compared the cost of the home and hospital treatment of infections in adults in
a specialized cystic fibrosis centre. They reported that patients who had more
than 60% intervention at home for over 1-year had a mean cost of £13,528,

compared with £22,609 for patients who had more than 60% of intervention in
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the hospital and patients who had an equal mix of both services had a mean
cost of £19,927.

Chronic disease self-management intervention has been dominated by two
theoretical perspectives: self-regulation theory and social cognitive theory
(Allegrante, Wells, and Peterson, 2019). The self-regulation theory sees that
self-regulation is fundamental to achieving desired treatment outcomes, where
an individual is motivated by the desired goal or endpoint. The stronger the
desire, the higher the self-regulation is, which is influenced by internal and
external factors (Allegrante et al., 2019). Regarding social cognitive theory, the
authors suggest that it is the cornerstone of effective disease self-management
interventions. Self-efficacy beliefs, objectives, outcome expectations, perceived
environmental obstructions and facilitators, motivation, and wellness constitute
the foundation of the cognitive theory.

Harvie (2021) reveals that self-care depends on health literacy and self-
management, where education on chronic condition self-management imparts
the necessary understanding and skills to overcome personal barriers to
positive changes in behaviours, optimises patient dignity, and enables patient
autonomy in decision-making (Harvie, 2021). The author reported that virtual
reality (VR) could offer a unique tool for delivering such education and aids,
improve attention, perceived control, and engagement. To improve outcomes in
children and youth with chronic conditions, it is critical to promote self-care
through support and education, e.g., adolescent self-regulation and parent-child
shared regulation (Dall’Oglio et al., 2021).

Participatory Web 2.0 interventions promote physical activities and have
developed e-patient communication tools that enable older adults to locate

disease management information and receive interactive healthcare advice
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(Stellefson et al., 2013). Developments in technology make it possible for many
standard disease monitoring procedures to be reliably taken by patients and
their caregivers in out-of-hospital environments (Lucas, 2015). To evaluate the
potential of mobile and electronic health, Aria and Archer (2020) developed an
online self-management system for mobile and desktop applications to help
patients manage their conditions at home, that is cost-effective. An online
system can also help reduce individuals' anxiety and sense of vulnerability.
Placement of a central venous catheter (CVC) is an invasive medical procedure
applied widely to maintain a stable IV route through which medications may be
administered (Schiffer et al., 2013). Monitoring of patient self-management and
self-care skills are required to reduce CVC-related infections and the need for
medical or nursing input. Patient feedback and experience informed the
development of self-injection devices, such as pre-filed syringes, electronic
injection devices, as well as pre-filed pens (van den Bemt et al., 2019).

HCPs must teach patients how to resolve unexpected issues with the CVC or
any other type of line. Several studies reported that patients' training on CVC
care led by the HCPs effectively reduced CVC-related infections and increased
patients' confidence in self-management (Mannucci, 2009). Outpatient
parenteral antibiotics therapy (OPAT) service is a valid option in some patient
groups such as cystic fibrosis, cellulitis, and osteomyelitis (Shah et al., 2014).
Through systemic review and meta-analysis, this thesis aimed to explore two
types of injectables, used through infusion, intravenous (1V), intermuscular (IM),
or subcutaneous (SC) routes, at home (self-administered or via supported
administration by carer or HCPs) or at an outpatient outlet. The first is injectable
antibiotic treatments for long-term infections or infections associated with

chronic diseases. The second is biological drugs which are pharmaceutical
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products produced from living organisms or contain components of living
organisms such as from human, animal, or microorganisms by using
biotechnology. Vaccines, blood components and recombinant proteins are
examples of biologics used for therapeutic purposes (Margina et al., 2020).

In this thesis the term biologics drugs refer to drugs used to treat multiple
chronic inflammatory diseases, including rheumatoid arthritis (RA), inflammatory
bowel diseases (IBD), and psoriasis.

All injectable drugs are associated with challenges such as needle phobia,
patient treatment misconceptions, and incorrect drug administration techniques
and can be impacted by dexterity problems (van den Bemt et al., 2019).
Evidence suggests these problems, and other drug administration challenges,
(e.g., patient forgetfulness, busy lifestyles, and polypharmacy) can reduce
patient adherence to treatment (Bolge, Goren, and Tandon, 2015). To combat
these challenges, patient feedback has been used to develop a range of self-
injection devices, including pre-filled syringes, pre-filled pens, and electronic
injection devices (Wu, Tafti, and Varacallo, 2022). Providing different devices
for drug administration allows patients to choose a device that addresses the
challenges they face as individuals. Research suggests involving patients in
medical device development, providing patients with a choice of devices and
can empower patients to take control of their treatment journey (van den Bemt
et al., 2019).

1.6 Home Parenteral Therapy

Home parenteral therapy (HPT) was initially developed in response to the
increasing healthcare cost, constraints on hospital beds, and the need to control
the spread of hospital-acquired infection (Winkler and Smith, 2015). HPT is

better suited for low-dependency patients where nursing service is not required
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or for the patient or carer who wishes to move to HPT, e.g., in palliative care
(Spence et al., 2010). Therapies that are commonly administered include
antibiotics (for infection), desferrrioxamine (for thalassemia), total parenteral
nutrition (for malabsorption diseases or short gut), and chemotherapy for
cancers.

Education-based out-of-hospital care can be used to improve the health
outcomes of individuals with a range of heart illnesses when delivered by a
qualified specialised healthcare professional (Ontario, 2013). It has been an
increasing effort to develop a framework for managing chronic symptoms to

simultaneously maintain patient independence and quality of life. Grady and

Gough (2014) allude that regardless of the chronic condition, the development

of a generic set of skills has proven effective in allowing patients to manage

their ilinesses and effectively improve their overall outcomes. Gobeil-Lavoie et

al. (2019) mentions that patients with complex health needs present challenges

which are often related to the ability to prioritise self-care activities, increasing

the risk of psychological distress due to the impact of their conditions, further

complicated by possible poor self-efficacy and receiving conflicting information

from multiple healthcare practitioners. Dealing with the psychosocial outcomes

of sickness significantly improves patients’ self-adequacy (Novak et al., 2013).

Self-management support can be provided via structured, programmed
interventions. They consist of various cognitive—behavioural therapies to
improve self-efficacy beliefs and health behaviour (Ontario, 2013).

1.6.1 Home Parenteral Nutrition (HPN)

Home parenteral nutrition (HPN) was the first type of HPT introduced in the
USA in the late 1960s and early 1970s (Howard, 1993). HPN is now widely

used in most developed countries and is gaining prominence in many
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developing nations (Mundi et al., 2017).

Parenteral nutrition (PN) is an admixture consisting of sterile and nutritionally
balanced macronutrients and micronutrients for IV administration (Force et al.,
2004; Gostynska et al., 2021). This form of feeding has played a pivotal role in
saving lives in patients with chronic intestinal failure (CIF) (Bielawska and
Allard, 2017; Gao et al., 2021). Most frequently, this failure results from
extensive resection of the small bowel due to cancer, IBD, mesenteric
thrombosis, or other severe motility disorders. All are associated with partial or
total loss of the absorptive function (fat, protein and carbohydrate, water,
minerals, and vitamins from diet) and capacity of the small intestines (Jansson-
Knodell et al., 2021). Home Parenteral Nutrition (HPN) is provided to patients in
their homes. It is also described as total parenteral nutrition (TPN) and is
usually the only remaining supplement to maintain or improve their nutritional
status (Chowdary and Reddy, 2010). Generally, TPN is administered overnight
for over around 12 hours. Dependant upon their remaining absorptive function
for enteral nutrients, patients are fed two to seven times a week. This approach
has allowed patients to live as near a normal life as possible, and some have
been able to return to work and carry on with other life activities.

However, Pironi et al. (2016) highlighted that there are some difficulties faced
by patients placed on HPN, such as work environment, financial status,
independence, and sense of well-being due to the inability to orally consume
food and drink even for social inclusion rather than nutritional source without
experiencing abdominal pain and discomfort (Roland et al., 2020). Other
possible complications resulting from the use of HPN, such as IV line infections
and needle phobia. Patients on HPN are highly predisposed to venous

thrombosis, bleeding, and vena cava disorder (Barco et al., 2016).
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The HPN program must be customised to the patient's unique clinical and
nutritional needs. The European Society for Parenteral and Enteral Nutrition
(ESPEN) prospective five-year follow-ups have reported on the outcomes of
patients on HPN for non-malignant related CIF (Staun et al., 2009), with five-
year survival rates on HPN ranging from 70% to 80%. According to Winkler and
Smith (2015), HPN is a technologically complex, life-sustaining therapy. The
complexity of invasive lifelong therapy like HPN makes its acceptance
challenging for patients and their family caregivers. For example, a phrase used
by many patients, "l would love not to have it, but | know it is necessary to live,"
highlights the impact of HPN on the lives of these individuals (Winkler and
Smith, 2015).

According to Haselhorst et al. (2019), the initiation of HPN has been a
successful practice for about two decades. However, until today, some
healthcare teams are uncomfortable initiating this form of therapy in the home
setting because they are concerned about patient safety (Buljac-Samardzic,
Doekhie, and van Wijngaarden, 2020; Smith et al., 2012). The authors
established that HPN was associated with fewer hospital admissions and
provided cost savings in their study. They also established that initiating HPN
decreased exposure to hospital-acquired infections in this population
(Haselhorst et al., 2019). Patients receiving HPN often report reduced health-
related quality of life compared to non-HPN patients with chronic conditions
(Folwarski and Kt, 2021; French, 2022; Nagelkerke et al., 2022; Pinto-Sanchez
et al., 2019).

1.6.2 Home-based Chemotherapy (HC)

Home-based chemotherapy (HC) is an alternative to hospital-based

chemotherapy treatment (Kulthanachairojana et al., 2021). It is a service
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administered by oncologists which provides a package of care to help in the
administration of chemotherapy to patients in their homes (Kulthanachairojana
et al., 2021; Srithumsuk and Wangnum, 2021). It is usually administered
through a portable IV pump at the patient’'s home. Some advantages of HC are
that it helps reduce the demand for inpatient bed space in hospitals and the cost
of infusion.

Other potential benefits of HC include fewer visits to the hospital, reduced risk
of hospital-acquired infection, less disruption to family life, and an increased
sense of control over the illness (Corbett et al., 2015). Kulthanachairojana et al.
(2021) used a societal perspective to investigate the budget impact and cost-
utility of HC and hospital-based chemotherapy treatment in patients with stage 3
colon cancer receiving the mFOLFOX6 regimen. This cost analysis was
undertaken for six months. The model's parameter inputs came from a
retrospective cohort study at Bangkok's Ramathibodi Hospital on patients
diagnosed with stage Il colon cancer. Medical records were used to determine
HC and hospital resource utilization (Kulthanachairojana et al., 2021). The
standard cost list compiled the per-unit direct medical, home health service, and
adverse events (AE) management expenses. For the duration of treatment, HC
produced cost savings of $1,513.37 per patient. Assuming 526 patients per
year, the usage of HC might result in a cost savings of $828,436 per year.
Compared to hospital, HC was a less expensive therapy option for stage Il
colon cancer (Kulthanachairojana et al., 2021).

Another study by Yip et al. (2019) evaluated patients' experience receiving
chemotherapy at home under the “Cancer treatment at home” initiative. The
service entailed sending highly trained nurses to patients' homes to administer

cancer treatments. The Systemic Anti-Cancer Therapy at Home (SACT) survey
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tracked patient outcomes over 12 months using handheld electronic devices.
Fifty three of the 56 cancer patients who took part in the study responded, with
96% reporting they were "very satisfied" with the service, while only 4% said
they were "content." Everyone who responded said they would suggest the
service to others (Yip et al., 2019). HC is, however, not without some concerns
raised by the patients. For example, patients have an increased feeling of
isolation and may have decreased contact with hospital support staff and other
patients (Corbett et al., 2015). An editorial in BMJ highlighted a marked shift in
chemotherapy administration in the UK from hospital-based to home-based.
This editorial reported that home-based chemotherapy is safe and increasingly
becoming acceptable. However, the need to consider the cost-effectiveness
was also noted (Corbett et al., 2015).

1.6.3 Pain Management

According to Pringle et al. (2021), 20% of the adult population live with chronic
pain. The pain is often considered subjective and hard to communicate.
Gallagher (2013) mentions that pain is highly dominant in care homes and has
a severe consequence on each aspect of their residence. Care is required to
monitor distress behaviour, including need-driven and resistance-to-care
behaviours. In their study, Novak et al. (2013) observed significant shortfalls in
medicating patterns and the suitability of pain medication used to treat older
people in care homes. Patients may opt for injectable medication for chronic
pain management when no other formulation is available, or they believe that
the effect of the injectable medication does not wear off quickly
(Sampathkumar, 2020).

The number of deaths resulting from an overdose of prescription opioids in the

recent past has been alarming. This has called for considering safer application
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approaches (Daubresse et al., 2017). Paracetamol alleviates mild to moderate
pain and fever and can be administered intravenously when other options are
unavailable. However, the dose must be calculated to prevent liver toxicity
(Gerriets, Anderson, and Nappe, 2022). The authors reported some
complications associated with injecting paracetamol: nausea, vomiting,
constipation, and abdominal pain. Arif and Aggarwal (2022) assert that
nonsteroidal anti-inflammatory drugs (NSAIDs), ibuprofen, and ketorolac are
used to alleviate acute pain in the hospital setting and are associated with renal
injury risk. Manias (2003) states that diazepam is administered to treat anxiety
associated with muscular pain in palliative care. However, paracetamol,
NSAIDs and diazepam cannot be used outside of hospital due to the high risk of
severe side effects such as liver toxicity in paracetamol, renal damage in
NSAIDs and overdose in benzodiazepines.

1.6.4 Parenteral therapy considered in this thesis

1.6.4.1 Management of severe infection

Antibiotics (also referred to as antimicrobial or antibacterial) are any substance
that inhibits the growth and replication of a bacterium at a therapeutic dose that
is suitable for human or animal consumption and can be safely utilised to treat
infections where the benefits out-way the risk (Leekha, Terrell and Edson,
2011). Antibiotics can be administered through several routes, such as topical,
e.g., creams, solutions, and ointments; local, e.g., inhalation for cystic fibrosis or
in joint replacements cement; oral, e.g., suspensions, tablets, capsules, or
granules and parenteral, e.g., injections or infusions (Longuet et al., 2016).
Antibiotics can be used in courses that vary from stat (e.g., metronidazole in the
treatment of vaginosis) to short courses (days to weeks) or long courses (weeks

to months) (Menard, 2011; Joint Formulary Committee, 2023). If the current
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antibiotics were to become ineffective, modern medicine would experience a
significant setback, resulting in relatively minor surgery becoming a life-
threatening procedure as before the discovery of antibiotics (Varley, Sule, and
Absalom, 2009). Antibiotics are highly specialised either against a specific type
of bacteria (positive or negative for the take up of Gram stain in the laboratory),
specific species, or known as broad-spectrum, which are effective against a
wide range of pathogens (Gram-positive or -negative). Antibiotics can also be
used as short- or long-term prophylaxis rather than treatment in people with a
high risk of infection (O’Connor et al., 2019). The emergence of bacterial
resistance to antibiotics and the slow discovery of novel antibiotics are public
health concerns (Dhingra et al., 2020). Rational antibiotics prescribing and
appropriate use or administration are critical in reducing microbial resistance
(Longuet et al., 2016). Uchil et al. (2014) stated that “there is an urgent need to
change the way antibiotics are used to reduce antimicrobial resistance.”
Antibiotic resistance is an innate process in which an infectious microorganism
develops resistance to antibacterial agents (Fair and Tor, 2014). Resistance is
usually conferred when a resistant strain of a specific bacteria becomes the
dominant strain in an infection (Tsay et al., 2020). The infection may become
untreatable and life-threatening, which may necessitate multiple antibiotics to be
used concurrently. The problem can be further complicated due to the
possibility of purchasing antibiotics without a prescription for human or animal
use in some countries, marketed counterfeit antibiotics, and over and under use
of prescribed antibiotics (Dhingra et al., 2020). Since the discovery of penicillin
and sulphonamides in 1935 and 1941, there have been many reports of
bacterial resistance, e.g., Staphylococcus aureus (Deyno et al., 2017). In the

UK alone methicillin resistant Staphylococcus aureus (MRSA) (which is
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generally concurrently resistant to a wide range of other antibiotics) was
involved in 0.1% of all deaths and 0.2% of all hospital deaths between 2008 and
2012 (Office for National Statistics, 2022).

1.6.4.1.1 Outpatient Parental Antimicrobial Therapy

Outpatient parenteral antimicrobial therapy (OPAT) is defined as community-
based infection management through administering an IV antimicrobial without
necessarily having to come to, or stay in, the hospital (Barr and Seaton, 2013;
Dimitrova, Gilchrist and Seaton, 2021; March-L6pez et al., 2021). OPAT is cost-
effective for patients requiring long, medium, or short-term parenteral antibiotics
therapy (Vargas-Palacios et al., 2017). OPAT is suitable for various infections,
such as bone and joint infections, cellulitis, and infective endocarditis, among
many others (Chapman et al., 2019). Through OPAT service, antibiotics are
administered either by the patient using elastomeric devices for a fixed duration
or via nurse support using prefilled syringes, elastomeric pumps, or infusion
bags at the patient home. The medical and social suitability is usually
determined after a patient is assessed by a specialist nurse or a medical doctor.
Advanced changes in health care delivery in UK and Europe have brought
about the drive to manage chronic conditions from home (Nolte and Mckee,
2008.). OPAT is reported to be safe when provided through a formal service
structure based on, and designed to, minimise risks of infection (Chapman et
al., 2019). The OPAT approach was first developed in the 1970s in the United
States to treat children diagnosed with cystic fibrosis, then expanded across
other services, which are now offered to 1 out of 1000 Americans annually
(Conant, Erdman, and Osterholzer, 2014). Global growth in the utilisation of
OPAT has been supported by technological advancements in infusion devices
and vascular access, as well as the development of antimicrobial agent

41



formulations that can be administered once a day (Conant et al., 2014).

In the UK, the rate of OPAT uptake has been relatively slow (Allison et al.,
2020; Twiddy et al., 2018). However, OPAT services are not standardised, and
their quality remains a local organisation's process and guidance. As with any
other services provided by the NHS, it is recommendable that OPAT services
be managed by medically qualified specialists, consultant clinicians, nurses with
intravascular (IM) access expertise, and clinical pharmacists with antimicrobial
stewardship qualifications (Barr and Seaton, 2013). In addition to administering
the parenteral antibiotics by a registered nurse in the patient home, on special
occasions, the patient or their carer can be trained to administer IV treatment
when there is an established vascular access port (Farber and Gin-Sing, 2016).
High infection risk patients such as immunocompromised or older patients are
usually selected for home care to prevent hospital-acquired infections.
However, other factors such as patient mobility, the severity of infection as well
as stability of co-morbidity should be considered (Barr and Seaton, 2013).
1.6.4.1.2 Respiratory Tract Infection

Respiratory tract infection (RTI) is any infectious disease of the upper and/or
lower respiratory tract. Upper respiratory tract infections include pharynagitis,
tonsillitis, acute rhinosinusitis, laryngitis, and the common cold. Lower
respiratory tract infections (LRTIS) are pneumonia, tracheitis, acute bronchitis,
and bronchiolitis (Centre for Clinical Practice, 2008). Most RTls are self-limiting
and only require symptomatic management for cough or fever (Little et al.,
2021). Most upper respiratory infections are caused by viruses, particularly
coronaviruses and rhinoviruses, which are outside the scope of this study
(Nieman et al., 2011).

Lower respiratory tract infections (LRTI) affect the airways (below the level of
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the larynx), including the trachea and the alveolar sacs. They are characterized
by tracheitis, pneumonia, and bronchiolitis (Gencay et al., 2010). Acute LRTIs
are a pervasive and persistent public health problem (Zoorob et al., 2012).
LRTIs are typically treated by GPs in the UK. The use of injectable antibiotics to
treat uncomplicated LRTI is still debatable and is outside this study's scope.

In complex patients diagnosed with cystic fibrosis (CF) and pulmonary
exacerbations, RTIs are a serious concern. Home injectable antibiotics are
increasingly considered for this group of patients. However, the evidence shows
poorer health outcomes than those treated in hospital settings (Sequeiros and
Jarad, 2009). Home-treated patients are given equipment such as prescribed
antibiotics, diluents, syringes, needles, and instructions on self-administration of
IV antibiotics through an established injection port. For example, with varying
policies in most UK centers, home-treated patients are followed up by the
multidisciplinary team only on days 1, 7, and 14 of the treatment course (Licitra
et al., 2016).

The choice between home or hospital treatment for an individual patient
depends on the patient's competence in self-administering IV antibiotics, the
severity of the exacerbation, the patient's preferences, concomitant CF-related
complications, general home circumstances, and agreement between the
patient and the CF treating team (Sequeiros and Jarad, 2009). Table 1 shows

injectable antibiotics used to treat complicated RTIs in complex patients.

Table 1: Injectable antibiotics used in both hospital and outside of hospital care for RTls

Injectable Antibiotic Disease Micro-organism?
Levofloxacin Severe community-acquired Pseudomonas aeruginosa
pneumonia (CAP), bronchiectasis

Rifampicin Brucellosis, legionnaires Pseudomonas aeruginosa

Azithromycin CAP (severe) Pseudomonas aeruginosa

Aztreonam Severe RTIs in CF Pseudomonas aeruginosa,
Haemophilus influenza,
Neisseria meningitidis

Ciprofloxacin Severe LRTIs in CF Pseudomonas aeruginosa
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1.6.4.1.3 Joints and Bone Infections (J&BIs)

Most prosthetic joint infections result from bacteria, such as Staphylococcus
aureus (Colston and Atkins, 2018), introduced through surgical procedures.
However, less than 10% of prosthesis patients develop implant-associated
complications during their lifetime (Trampuz and Zimmerli, 2005).

Septic arthritis is a joint (synovial) fluid and tissue infection, typically introduced
to the joints through the circulation after local injection into the joint, joint
surgical procedures or investigations, or accidental contaminated injury
(Roerdink et al., 2019).

Although knees are the most affected joints, septic arthritis also affects other
joints, such as the shoulders and hip. Septic arthritis is a notable consideration
in people showing acute monoarticular arthritis signs (Thompson, Mannix, and
Bachur, 2009). Failure to start the required antibiotic therapy within the first 48
hours can result in loss of subchondral bone as well as permanent dysfunction
of the joint (Horowitz et al., 2011).

Symptoms of septic arthritis include extreme discomfort and pain when the
affected joints are used, redness and warmth with possible fever (Bauer,
Boisrenoult, and Jenny, 2015). If septic arthritis occurs in patients with artificial
joints, it can lead to prosthetic rejection, which can develop over days to years
after the procedure. Chronic diseases affecting joints such as lupus
erythematosus, gout, or osteoarthritis are leading predisposing factors
(Horowitz et al., 2011).

Bacterial spinal infection can be caused by direct seeding of the spine and
contiguous or hematogenous spread (Cornett et al., 2016). Infections are
divided into three categories depending on their anatomic location: spinal

osteomyelitis, discitis, and epidural abscess. However, the most common
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source of spinal infections is E. coli and S. aureus (Durkin et al., 2015). Spinal

infections can occur in the spinal canal and adjacent soft tissues, intervertebral

disc space, vertebral column, and fluids (Tsantes et al., 2020).

Osteomyelitis is a rare but relatively serious bone infection, which can be

classified as acute or chronic based on the causative organisms, duration of

infection, and extent of tissue involvement (Hatzenbuehler and Pulling, 2011).

Symptoms and signs of osteomyelitis include inability to walk or limp and focal

tenderness and fever (Peltola, 2014). Spine osteomyelitis manifests as back

pains with fevers of unknown origin (Peltola, 2014). Osteomyelitis treatment

sometimes requires surgical removal of necrotic and infected tissues. Antibiotics

choice (Table 2) depends on the tissues involved in addition to the bone and

their ability to penetrate the bone (Thabit et al., 2019).

Table 2: Antibiotics used for bone infection therapy

High penetration antibiotics

Disease

Micro-organism

Amoxicillin Sodium

Diabetic Foot

Staphylococcus aureus

Piperacillin and tazobactam

Open broken bones

Staphylococcus aureus

Cloxacillin

Osteomyelitis

MRSA

Linezolid Bacterial pneumonia Enterococcus faecalis
Cephalosporins Meningitis Escherichia coli (E. coli)
Carbapenems Bloodstream infections Escherichia coli (E. coli)

and Klebsiella pneumoniae

Ciprofloxacin

Osteomyelitis

Gram-negative bacteria,
staphylococci

Aztreonam

Orthopaedic infections

Pseudomonas aeruginosa

Amikacin and Tobramycin

Community-acquired
gram-negative aerobes

Klebsiella, Citrobacter,
Enterobacter, Serratia

haematogenous osteom
yelitis

Doxycycline Osteomyelitis MRSA
Rifampin Diabetic foot Multiple gram-positive and
osteomyelitis [DFO] gram-negative bacteria
Vancomycin Osteomyelitis and soft Staphylococcus aureus
tissue infections
Daptomycin Osteomyelitis MRSA, glycopeptide-
intermediate S. aureus,
methicillin-resistant coagulase-
negative staphylococci
Dalbavancin Osteomyelitis Staphylococcus aureus
Clindamycin Osteomyelitis Staphylococci
Oritavancin Osteomyelitis Staphylococcus aureus (MRSA)
Fosfomycin Septic arthritis, acute Extended-spectrum beta-

lactamase-producing (ESBL),
methicillin-resistant
Staphylococcus aureus (MRSA)

Trimethoprim/
sulfamethoxazole

Osteomyelitis

MRSA
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1.6.4.1.4 Skin and Soft Tissue infections

Severe skin and soft tissue infections (SSTIs) include cellulitis, necrotising
fasciitis, and surgical site infections (SSIs), with diagnosing the exact extent of
the disease critical for successful management (Peetermans et al., 2020). SSis
are subdivided into two categories: incisional, which are further divided into
(superficial (skin and subcutaneous tissue) and deep (deep soft-tissue muscle
and fascia) and organ or space.

SSTlIs has two prominent risk factors; existing skin conditions that affect the
skin integrity, such as psoriasis and vasculitis, or injuries such as diabetic foot
ulcers, bed sores, cuts, stings, and bites (Ki and Rotstein, 2008). Anatomic
location, causal pathogen(s), progression rate, infection depth, and clinical
presentation severity have all been used to classify SSTIs. The FDA made an
SSTIs categorization in 1998, which included uncomplicated infections
(cellulitis, simple abscesses, impetigo, and furuncles) and complicated
infections (necrotising infections, infected ulcers, infected burns, and massive
abscesses) (Merlino and Malangoni, 2007). Napolitano (2009) further added
that complicated SSTIs require adequate broad-spectrum empiric antibiotic
therapy and to explore the necessity for surgical intervention for drainage and/or
debridement.

A new definition of SSTIs was proposed by the World Society of Emergency
Surgery (WSES) in 2015, which divided SSTls into three primary categories:
SSils, non-necrotising and necrotising. SSlIs are predominantly caused by
Staphylococcus aureus, Streptococcus pyogenes, or Pseudomonas
aeruginosa. SSI complications are categorised into local and systemic (Sartelli
et al., 2014). Local complications contribute to delayed and non-healing of the

wound, cellulitis, abscess formation, osteomyelitis, and further wound

46



breakdown. Systemic complications include bacteraemia with the possibility of
distant hematogenous spread and sepsis. Non-necrotising SSTIs, including
erysipelas, impetigo, folliculitis, simple abscess, and complex abscess, may be
treated by antibiotics or by drainage alone. Necrotising or gangrenous SSTIs
are often fatal (cellulitis, fasciitis, myositis, Fournier’'s gangrene) and require
surgical intervention, including drainage and debridement of necrotic tissue and

antibiotic therapy, as shown in Table 3 (Sartelli et al., 2014).

Table 3: Antibiotics used for Skin and soft tissue infections (SSTls) Therapies

Antibiotics Disease Micro-organism
Vancomycin Endocarditis, peritonitis, and infections | Clostridium difficile
of the lungs, skin, blood, and bones.
Dalbavancin MRSA Staphylococcus aureus
Daptomycin Complicated skin and skin structure Staphylococcus aureus
infections (cSSSI)
Tedizolid Acute bacterial skin and skin structure | Staphylococcus aureus
infections (ABSSSI)
Teicoplanin Skin and soft tissues, blood, heart, Methicillin-resistant Staphylococcus
bones, and lungs infections aureus and Enterococcus faecalis

1.6.4.1.5 Bacterial Endocarditis

Bacterial endocarditis is a bacterial infection of the inner layer of the heart or the
heart valves. The heart has four valves to regulate the blood flow in and through
the heart to the entire body (EI-Hamamsy, Chester, and Yacoub, 2010). Bin
Abdulhak et al. (2014) conducted a systematic review of 1,975 studies from 6
regions (high-income North America, Western Europe, Eastern Europe, North
Africa/Middle East, Australasia, and Southern Latin America). The authors
concluded that when an individual has bacterial endocarditis, the heart valves
may not function at full capacity or at all, and estimated that globally, infective
endocarditis affects 3-7.5 people per 100,000 person-year. Its incidence is
reported to increase (Bin Abdulhak et al., 2014).

A study by Quan et al. (2020) reported that the incidence of infective

endocarditis in the UK increased from 22.2-41.3 per million in 1998 to 42.0-67.7
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in 2017. Subacute bacterial endocarditis (SBE) occurs when bacteria enter the
bloodstream and attach to the lining of the heart valves (Baddour et al., 2015).
Infective endocarditis causes growths (vegetations) on the valves, produce
toxins and enzymes which kill and break down the tissue to cause holes in the
valve, and spreads outside the heart and the blood vessels. The resulting
complications are embolism from the vegetation, leaky valve, heart blockage,
and abscesses around the valve. Without treatment, endocarditis is a fatal
disease (Forestier et al., 2016).

Bacteria are found in the mouth, skin, intestines, respiratory system, and urinary
tract (Dekaboruah et al., 2020; Khan, Petersen, and Shekhar, 2019; Ribet and
Cossart, 2015). Some bacteria can enter the bloodstream during eating, teeth
brushing, and when passing stools and eventually cause endocarditis (Lee et
al., 2018). Normal heart valves are resistant to infection, but damaged valves
have defects on the surface where bacteria may attach (Murillo et al., 2016).
Valve prostheses (replacement heart valves) are more prone to infection than
normal valves. The bacteria rapidly form colonies, grow vegetation and produce
enzymes, destroying the surrounding tissue and opening the path for invasion
(Liesenborghs et al., 2020).

Dental procedures (particularly tooth extractions) and endoscopic examinations
are associated with infective endocarditis. Accordingly, prophylactic antibiotics
are recommended for patients with valve diseases and all patients with valve
replacements (Ito, 2006). IV drug abusers are also at high risk for developing
infective endocarditis. Once endocarditis is diagnosed, immediate intervention
IS necessary to prevent further damage to the heart valves and muscles or
death (Liesman et al., 2017). As soon as the blood cultures have been secured,

the patient is started on a broad-spectrum parenteral antibiotic. The antibiotics
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are adjusted to the organism's sensitivity as soon as the blood culture results
become available (Table 4). Antibiotics are usually given for six weeks until
symptoms are resolved and blood cultures come with negative bacterial growth

(Elliott et al., 2004).

Table 4: Antibiotics Used for Bacterial Endocarditis Therapies

Drug Micro-organism
Aminoglycosides, e.g., gentamicin Bacterium Micromonospora purpurea
Glycopeptides, e.g., vancomycin Methicillin-resistant staphylococcus aureus
B-Lactams, e.g., flucloxacillin Methicillin-sensitive staphylococcal infections
Alternative regimes, e.g., combinations of Staphylococcus aureus
gentamicin and flucloxacillin

If heart valve and heart damage has occurred, surgery may be required to
repair or replace the damaged valve and improve the heart function. After the
patient is stabilised, the underlying cause should be investigated and treated
(Pippi, 2011).

1.6.4.2 Monoclonal Antibodies

Kohler and Milstein (1975) developed the hybridoma technology for the
development of monoclonal antibodies for therapeutic use, and they received a
Noble Price for Medicine later in 1984 (Georges, Kohler, and Jerne, 1984). The
conventional hybridomas developed from the fusion of murine myeloma cell
lines with B cells of immunised mice, and the immunised clones were selected
to produce the antibody of interest (Saeed et al., 2017). Hybridomas are cells
that arise when a short-lived antibody-producing B cell fuses with an immortal
myeloma cell. Each hybridoma cell line expresses a substantial amount of a
single mAb constitutively, and favoured hybridoma cell lines can be
cryopreserved for long-term mAb synthesis. As a result, to maintain a practical,
never-ending supply of key mAbs, researchers frequently prefer to generate
hybridomas over other mAb production methods.

Hybridoma creation is a five-step procedure that uses a host animal's inherent
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capacity to produce functional, highly specific, high-affinity mAbs (Leenaars and
Hendriksen, 2005). The antigen is then inoculated into a host animal to induce
an immunological response and start the B-cell maturation process (Yatim and
Lakkis, 2015). The final stage entails isolating these B cells from the host
animal's spleen and fusing them with myeloma cells to create hybridomas
(Karsten et al., 1988).

Biologics are a class of drugs that contain active pharmaceutical ingredients
developed in a living organism (Farhat et al., 2018; Jacobs et al., 2016). The
monoclonal antibody weighs around 150,000 Da and bind to the extracellular
targets to agonize, antagonize, or deplete them (Strohl and Strohl, 2012).
Several studies show the significant therapeutic effects of biologics in various
cancers, infections, and autoimmune diseases. Sator (2018) found significant
improvement in chronic plaque psoriasis patients treated with adalimumab. In
contrast, Taylor et al. (2019) found beneficial effects of namilumab in RA
patients, and Sandborn et al. (2020) reported the effectiveness of upadacitinib
in active ulcerative colitis (UC) patients. Several meta-analyses have evaluated
the effects of biologics on various autoimmune diseases and found significant
clinical effects (Parikh et al., 2021; Rosman, Shoenfeld, and Zandman-
Goddard, 2013).

However, Singh et al. (2011) found that biologics are associated with significant
adverse events such as tuberculosis reactivation. Davies, O’Dea, and Gordon
(2018) classified the adverse effects of biologics as immune stimulation,
suppression, and disruption of immune homeostasis. According to Baker et al.
(2021), there is a possibility that patients who receive biologic infusions at home
have more adverse events requiring the escalation of care provisions. It has

been established that patients with previous infusion reactions are often at the
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most significant risk of subsequent infusion reactions. The authors also reported
that home-based infusions are often preferred as they are convenient and incur
lower costs.

Biologics are often recommended for treating RA in unresponsive, intolerant
patients and are contradictory to conventional therapies. There has been little
assessment of adherence and persistence to biologics delivered at homecare
(Alvarez-Madrazo et al., 2017). The length of treatment and self-administered
injections can influence the selection of biologics that patients with RA receive.
The authors established that using linked routine data is a sustainable pathway
to enable ongoing evaluation of biological use in-homecare settings (Alvarez-
Madrazo et al., 2019) and claimed that the lack of comparability studies could
be mitigated by adopting a more consistent approach to studying the use of
biologics in-homecare.

Green et al. (2021) stated that biologic interventions for plaque psoriasis in the
UK are administered in hospitals or homes, using their developed economic
model to estimate and compare the total cost of biologic drug administration
over two years. They established that home delivery and administration costs in
clinical settings over two years varied considerably based on the selected
agent. Still, in general, homecare self-administration was cheaper than hospital
administration. McGregor et al. (2019) mention that most RCTs on biologics in
patients with uncontrolled severe asthma exhibit a significant response
compared to placebo with reductions in exacerbations, improvement in patient-
reported outcomes, and improvement in lung function. The authors found that
while biologics may improve asthma conditions, patients may not need them.
The tumour necrosis factor (TNF) antagonists are parenterally administered

biologics indicated for managing RA and other inflammatory diseases. Although
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infliximab, etanercept, and adalimumab are all group members of this class,
they differ in route of administration and dosing regimen (Zhang et al., 2019).
Etanercept and adalimumab are given SC and can be self-injected. Medication
adherence, debatably the most important factor in maintaining the benefits of
anti-TNF therapy, is influenced by the interaction between the patient and their
healthcare team, the patient's attitude toward their disease and medication
regimen, and the choice of therapy (Schwartzman and Morgan, 2004).
Infliximab is usually administered as two monthly IV infusions, requiring hospital
visits, whereas adalimumab is administered by self-sub cut injections every
other week (Sagar et al., 2021). Both of these anti-TNF drugs appear equally
efficacious in treating Crohn's Disease (CD); therefore, the decision regarding
which drug to choose will depend, to some extent, on patient choice (Allen,
Lindsay, and Tham, 2010; Berns and Hommes, 2016).

1.7 Research question

Do patients self-administering injectable therapies out-of-hospital achieve the

same health outcomes as those receiving therapy in-hospital?
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Chapter Il: General Methodology

2.1 Chapter overview

This chapter describes the overall study structure, including the systematic
review and meta-analysis approach and the rationale behind selecting this
methodology. Specific study protocols are discussed in chapters 3-8.

2.2 Study Rationale

Chronic condition self-management has been defined as patient-led health
preservation (Riegel, Jaarsma, and Stromberg, 2012). Self-management refers
to the various behaviours in which a person, diagnosed with chronic illnesses,
participates to preserve mental and physical equilibrium; adequate sleep,
medication adherence, stress management, and physical alertness (Riegel et
al., 2021).

Homecare offers a familiar environment, with reduced travelling and reduced
cross infection risk. it is therefore considered more convenient for the patient
and costs can be comparable to or cheaper than hospital/clinic provision.
Conversely patients often need to be trained to do unfamiliar things such as
self-injection, and if any adverse reaction occurs a patient in a clinic has people,
and full medical facilities available. The rationale of this study was to compare
the health outcomes, and complications, of long-term therapy with injectable
biologics, or antibiotics in various settings for a range of diseases. By
conducting systematic reviews and meta-analyses, the researchers aimed to
provide evidence-based information to inform decisions for clinicians and
patients about the safety and effectiveness of the treatment setting chosen in
different patient populations and chronic diseases.

No previous systematic reviews have compared the efficacy of injectable

biologics for a range of diseases in home vs. hospital settings. This systematic
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review aims to assess the efficacy of injectable medications including biologics,
and injectable antibiotics between hospital outpatient and home settings, to
collate the data from the current primary studies on this topic.
Considering that the use of biologics in the treatment of autoimmune diseases
such as IBD, RA and psoriasis is rapidly evolving with new information
published almost every day, it was important to bring the most recent
information about their efficacy and tolerance by the patient, in chapters Ill, IV
and V. Then chapter VI testing the thesis hypothesis of comparing injectable
biologics used by patients at home to those administered in a hospital/clinical
setting. Antibiotics efficacy in curing infection is well established; there was no
need to conduct a systematic review dedicated to this aspect. Although their
use at home started earlier than biologics, it is continuing to evolve and extend.
Chapter VIl is directly testing the thesis hypothesis of comparing antibiotics
injectables used by patients at home to those administered in a hospital setting.
2.2.1 Aim
This study aimed to conduct systematic reviews and meta-analyses to compare
health outcomes and therapy complications between long-term injectable
biologics and antibiotics to control groups, in both hospital and out of the
hospital settings for patients diagnosed with inflammatory bowel diseases,
rheumatoid arthritis, psoriasis and infections.
2.2.2 Objectives
To achieve the aim of the study a number of systematic reviews — meta-
analyses were conducted:

1. To investigate the efficacy and tolerance of biologics in the treatment of

inflammatory bowel diseases.

2. To explore the efficacy and tolerance of biologics in the treatment of
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rheumatoid arthritis.
3. To study/measure the tolerance and side effects of biologics in the
treatment of Psoriasis.
4. To investigate patients’ outcomes after home/self-injection compared to
hospital injection of biologics.
5. To investigate patients’ outcomes after home/self-injection compared to
hospital injection of antibiotics.
2.3 Registration of protocol and ethics approval
There were 4 protocols submitted to the PROSPERO register and approved:
Inflammatory bowel diseases: CRD42022360769
Rheumatoid arthritis: CRD42022367359
Psoriasis: CRD42022367387
Antibiotics: CRD42022360899
Ethical approval (other than human and animal research) was approved by the
University of Wolverhampton, approval number Ethical approval: LSEC,
202021/HM/60
2.4 Study Design
This study's systematic reviews and meta-analyses included studies that used
randomisations in their design, such as RCTs, randomised cohort, and
randomised case-control. Randomisations are when participants are randomly
assigned to each of the study arms (Kendall, 2003).
Various observational studies, such as commentaries, case reports, opinions,
and editorials, were excluded. The review also excluded all study designs

involving animals and those with relatively limited small samples.
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2.5 Study Methods

2.5.1 The Cochrane Systematic review and meta-analysis methodology
The Cochrane framework is an official guide that describes in detail the process
of preparing systemic reviews (Munn et al., 2018; Sargeant and O’Connor,
2020). A systematic review is a rigorous process that attempts to answer
specific research questions while reducing bias caused by research design
(Charrois, 2015; Newman and Gough, 2018). It begins with identifying a set of
pre-determined measurable outcomes, previous relevant studies, appraising the
included studies' quality, combining the found evidence, and narratively
interpreting results (Chandler et al., 2019; Tawfik et al., 2019). Systemic review
Is perceived as one of the most reliable sources of evidence in clinical practices
(Wallace, Byrne, and Clarke, 2014).

Some of the shortcomings of using systematic reviews include the possibility of
yielding misleading results, following the inclusion of studies that are biased or
containing evidence that is improperly assessed (Ahn and Kang, 2018;
Esterhuizen and Thabane, 2016). However, these limitation characteristics of a
systematic review can be circumvented using a detailed selection strategy
(Tawfik et al., 2019). A meta-analysis is a study approach that incorporates a
systematic review and aggregates the results of other studies to compute a
summary estimate (Haidich, 2010; Mikolajewicz and Komarova, 2019). Meta-
analysis is, however, prone to bias, resulting from the research design and
method of reporting (Drucker, Fleming, and Chan, 2016; Greco et al., 2013).
According to Haidich (2010), failure to identify all or most existing research can
lead to incorrect or inaccurate conclusions.

In conducting a meta-analysis, variations across study outcomes are expected.

This variability is termed heterogeneity. Heterogeneity could be clinical,
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methodological, or statistical (Fletcher, 2007). Study heterogeneity can be
identified using the eyeball test and the Chi-squared (X?) test. One way to deal
with heterogeneity is by performing a random effects meta-analysis (Fletcher,
2007). Some notable types of heterogeneity include variability in the study
population, interventions, measured outcomes, design, and methods. Meta-
analysis expresses the results of each study using “effect size," a quantitative
index. Effect sizes are, in essence, a measure of the strength of the relationship
between different studies (Dragicevic, 2020; Durlak, 2009). In this report, the
effect sizes were unstandardised to aid in communicating intervention impacts.
This study's systematic review and meta-analysis data were obtained from
studies with primary data only. All the relevant studies that met the pre-defined
inclusion and exclusion criteria were considered in the systematic reviews.
Despite being credible and valuable, some studies may not have been
published and were not included. This project focused on issues related to self-
management of injectable antibiotic therapy and injectable biologics therapy.
2.5.2 RevMan® Version 5.4 Software

Review Manager, known as RevMan®, is a software by the Cochrane
Collaboration Group, which is recommendable for preparing and conducting
meta-analyses (Roos, 2019). In addition, RevMan® Software is useful in
calculating ratios of effect measure, such as risk ratio (RR), odds ratio (OR), the
ratio of means (RoM), as well as hazard ratio (HR), which are expressed on a
log scale, and measures differences in mean, risk difference, which are
illustrated on their natural scale. RevMan® software is also used to conduct
sensitivity and heterogeneity analysis (Roos, 2019). For statistical models, both
the fixed-effect (FE) model and random-effect (RE) model are included the in

the software and will be utilised for this study as applicable.
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2.5.3 PICOS Framework

The population (P), intervention (1), comparison (C), outcome (O), and site (S)

framework is a widely known strategy for framing a research question,

identifying predetermined measurable outcomes, and the literature search

words (Eriksen and Frandsen, 2018). This study employed the PICOS method

to develop an eligibility criterion. Each of the systematic reviews for this thesis

discussed the review protocol in each of the systematic reviews’ chapters.

2.5.4 Exclusion Criteria

Exclusion criteria are widely influenced or defined by the outlined inclusion

criteria (Table 5).

Table 5: The inclusion and exclusion criteria used in this study.

Inclusion

Exclusion

Randomised controlled trials (RCT),
randomised cohorts, and randomised case-
control

Case studies review papers, opinion
papers, and systematics reviews. Also,
articles were published in encyclopaedias
and wikis.

A study is outlining self-management in
homecare and focusing on injectable
antibiotics.

Study outlining self-management in
homecare, but not focusing on injectable
antibiotics.

Studies with a focus on home service for
defined health conditions

These include studies focusing on
homecare service for situations not defined
as health conditions such as respite
services or social care programs.

Published from year 2000 up to 2021

Studies published before the year 2000.

Studies focusing on population who are living
independently in the community

Studies focusing on long stay care,
assisted facilities, and nursing homes.

Published in credible and verifiable journal
which are full papers

Studies which are duplicate, abstract only,
not peer reviewed or published

No limitations based on location, gender, race,
career, ethnicity, culture, or country of origin

Articles limited to certain gender, age, race,
ethnicity or culture.

Comprehensive and extensive data analysis

Study protocols without results.

Both quantitative and qualitative research
design

Studies with no defined research design.

The search was limited to English, where all the search terms were in English.

However, where the database produced a non-English search, the publishers

were approached, and English versions were requested. In scenarios where it

was impossible to translate the entire article to English, such articles were

excluded from the research.
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2.5.5 Types of Participants
Participants in the study included people diagnosed with various chronic
conditions at homecare and receiving injectable antibiotics. The study also

involved carers and health practitioners, such as nurses (Table 6).

Table 6: The inclusion and exclusion criteria used in this study.
Inclusion Exclusion
Patients who do not have a condition complicated by | Patients with a condition complicated
behavioural or cognitive impairment may compromise | by behavioural or cognitive

the administration of medications. impairment may compromise the
administration of medications.
Patients living in the community. Patients living in long-stay facilities,

residential or nursing homes and or
other type of supported living setting.
Patients of different ages (above the age of 12), race, | Patients 12 years and under.
gender, ethnicity, and cultures.
Patients receive therapy through self-administration, Patients without clear description of
administration by carer, administration by caregiver how the injectable medications were
at home compared to administration in outpatients or | administered.

other non-hospital community health facilities, or
hospital of the same injectable medications.

2.5.6 Types of Interventions and Comparisons
For this study, HCP therapy is described as a treatment in a patient’s home by
the patient, their carer, a visiting nurse, healthcare professionals in an
outpatient or another hospital setting. Self-management (of medications) and
self-care (including self-administration of medications) are two distinct terms,
and they were used as applicable. The following are the interventions for the
study.

1. Administered injectable biologics at home by the patient or non-HCP carer
compared to HCP-supported administration at home, outpatients, and other
non-inpatient and inpatient hospital settings.

2. Administered injectable antibiotics at home by the patient or non-HCP carer
compared to HCP-supported administration at home, outpatients, and other
non-inpatient and inpatient hospital settings. Similar injectable antibiotics

route and type should be used for a realistic comparison.
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2.5.7 Types of Outcomes Measured

An outcome measure can be defined as a change in the health of a population,

group, or individual, which can be attributed to a particular intervention or a

series of interventions (Chatterji, Ustlin, and Sadana, 2002).

The following outcomes were measured and compared by the administrator of

the injectable (antibiotics or biologics) medications (patients, non-HCP carers,

HCPs) and the place of the injectable (antibiotics or biologics) medications

administration (home, non-inpatient, and hospital inpatient).

2.6 Preliminary Searches

There is a significant shift from inpatient care to outpatient care. Therefore, in

supporting and developing this trend, there is a need to sufficiently understand

the issues or setbacks facing developing patients’ self-management in
homecare. In addition, there is a demand to understand other additional issues,
such as homecare's impact on patients, non-HCP carers, caregivers, and

HCPs. Based on the research question and objectives, two searches were

made and will be further discussed in chapters 3-7:

1. “Chronic conditions, long-term conditions, autoimmune conditions, RA,
psoriatic arthritis, CD, UC, self-management, self-care, home-based
therapy, homecare, out-of-hospital injectable therapy, outpatient injectables
(parenteral) target therapy, injectable biologics, injectables TNF agents,
injectable monoclonal antibodies”

2. “Infection, bone and joints infection, severe bone infection, severe bone
infection, septic arthritis, septic prosthesis, soft tissues infection, severe soft
tissues infections, cystic fibrosis, severe lung infection, severe respiratory
infections, long-term conditions, self-management, self-care, home-based

therapy, homecare, out of hospital injectable therapy, outpatient injectables
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(parenteral) antimicrobial therapy, injectable antibiotics”
Additional search phrases were added, such as the role of nurses and carers in
facilitating patients’ self-management in homecare, improving patients’ self-
management in homecare, challenges faced by patients during self-managing
in homecare, the experience of patients, carers, nurses, and caregivers in
helping patient self-managing in homecare.
The preliminary search was primarily conducted through the Google® Scholar™
engine to test the suitability of the search words and explore the volume of
available studies. The process of conducting preliminary searches involved two
steps: The first step entailed independently searching these terms via the
Google® Scholar™ database. The second step involves combining these terms
and searching through the Google® Scholar™ database. After successfully
searching, all the articles related to the research question were noted.
After searching, articles that were found were grouped into several categories.
One category was the factors motivating the shift from inpatient care to
outpatient care, the reason for the use of injectables, and comparative studies.
Empowerment of patients through self-management in-home care also
prevailed as a notable topic and the nurse's role in supporting and helping
patients self-manage at homecare. Those considered were the articles
published in peer-reviewed journals with defined authors. Some of the
limitations of preliminary searches include, using Google® Scholar™ which has
the disadvantage of finding unpublished works and the same research may
have been included in different databases.
2.7 Search Methods for Studies Identification
The success of systematic review and meta-analysis largely depends on the

ability to search, locate, and retrieve all the necessary and relevant literature.
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The outcome of any search is widely influenced by several factors, such as
search filters, keywords entered, and the search database itself (Gusenbauer
and Haddaway, 2020). It is important to narrow the search range by using
keywords that relate to the intended research or the study topic. To reduce the
chances of omitting relevant searches or citations, a list was made based on
references generated by Google® Scholar™.

Multiple search engines and databases were used to have a robust and
extensive search. In addition to google scholar, PubMed® is a free search
engine accessing the Medical Literature Analysis and Retrieval System Online
(MEDLINE®) database, OVID® and EMBASE®©, Wiley Online Library©, and
Science Direct®. Medline is the most popular database of the USA National
Library of Medicine (NLM), the world's largest medical library. The Cochrane
Library was also accessed. The library contains high-quality and independent
information relating to healthcare and decision-making. Social Care Online and
EBSCO® were also utilised. An additional search was conducted on various
credible, leading websites such as NICE, NHS, America’s Centres for Disease
Control and Prevention (CDC), and Clinical Trials Registers used. The search
was conducted using the words and phrases listed in paragraph 2.6. After the
search was completed, the generated articles were extracted and listed as a full
reference then all duplicated articles were deleted.

2.7.1 Additional Manual Search

In addition to the first search, a manual search was also conducted. To reduce
the search words and phrases bias, an additional manual search was
conducted to find any useful article that would have been missed from the
original search. The manual search was conducted in selected papers'

reference lists and similar articles’ lists.
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2.7.2 Titles and Abstract Searching

The process of title screening commenced by two researchers who
independently reviewed all titles and abstracts of the identified studies against
the defined inclusion and exclusion criteria. In this phase, the number and the
reason for inclusion or exclusion were indicated next to each study then the
researchers met to discuss the final list of studies. All the selected studies' full
papers were obtained. Articles that were not freely available were requested
through Article Reach Direct (ARD) and the British National Library.

2.7.3 Methods of Review

Before the references were used in the study, they were reviewed in the final
selection phase. The full texts of potentially eligible studies were retrieved, and
their eligibility was accessed independently by two reviewers against the
selection criteria listed in tables 5 and 6. Then the searches were further refined
by excluding papers listed in the exclusion criteria. Then PICOS tool was used
to ensure that all studies contained all required components as identified in the
research aim and objectives were included in the selected papers.

2.8 Data Extraction and Missing Data

Data extraction was conducted using a Microsoft® Excel™ spreadsheet. The
information was extracted based on the PICOS framework. Additional
information extracted includes the author’'s name, year of publication, as well as
other baseline characteristics.

In scenarios where data presented in a particular study is unclear or missing or
presented in a form that is non-extractable, the author of recently published
studies from 2015 were contacted for assistance or interpretation. However, in
scenarios where the data is in question or presented in a format that was non-

extractable, or was older than 2015, no contact was made with the author.
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Otherwise, a report of missing data will be made.

2.9 Risk of Bias

Cochrane Risk of Bias tool provided in Cochrane handbook version 5.1.0

(Higgins et al., 2008). The domains included in the RoB calculation are:

1.

2.

6.

7.

Random sequence generation (selection bias).

Allocation concealment (selection bias).

Blinding of participants and personnel (performance bias).
. Blinding outcomes assessment (detection bias)
Incomplete outcome data (attrition bias).

Selective reporting (reporting bias)

Other potential sources of bias.

The review manager (RevMan®© 5.4.1) was used to assess the RoB for all

studies. The reviewers judged the domains based on Higgins et al. (2008)

criteria as:

Low risk of bias — green: the field measured is considered to be present,
clear and, complete.

High risk of bias — red: absence of the field measured, or the field
measured does not meet the selection criteria.

Unclear reporting — yellow: the field measured is incomplete or reported in

a way that does not allow for precise decision to be made.

Risk of bias or internal validity (RoB) is defined as a systematic error caused by

mistakes in the study's design, conduct, or analysis, which leads to wrong

outcomes and conclusions (Furuya-Kanamori et al., 2021). In this study, the risk

of bias (RoB) was assessed and reported in adherence to the Preferred

Reporting Items for Systemic Reviews and Meta-Analyses (PRISMA)

statement.
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In all cases, the two independent reviewers assessed the risk of bias in all the
included studies. In scenarios where there was a disagreement, a compromise
was reached through a consensus or a third reviewer.
2.10 Meta-Analysis
Where data could be statistically analysed, the RevMan®© 5.4.1 Software was
utilised. Data were interpreted based on the PRISMA statement and cross-
referenced to the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins et al., 2019). RevMan 5.4.1 is available free for academic use (Higgins
et al., 2019). Analysis methods contained in RevMan®© 5.4.1 includes Peto,
Mantel-Haenszel, and inverse variance for meta-analysis. Meta-analysis
methods report on the variations, on a weighted average, of the effect estimates
from the different studies. It positioned those studies with no events contributing
no information around the risk ration (RR) or the odd ration (OR). Therefore, the
Peto method has been noted to be less biased for uncommon or rare events
and gives relatively more powerful information than other methods. The
Cochrane Mantel-Haenszel statistic (CMH) can be used for comparing two
groups when the observed item scores are dichotomous (correct—incorrect),
and the sum score is used as a proxy for the latent variable. Inverse variation
can be defined as when a variable is inversely varying concerning another
variable. It represents the inverse proportionality relationship between two
quantities. This software can be used to calculate ratios of effect measure (e.qg.,
OR, RR, HR, RoM) expressed on a log scale difference’ measure of effect (risk
difference, differences in means) expressed on their natural scale (Higgins et
al., 2019), heterogeneity and sensitivity analysis.

— 0% to 40%: might not be important - low.

— 30% to 60%: may represent moderate heterogeneity.
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— 50% to 90%: may represent substantial heterogeneity.

— 75% to 100%: considerable heterogeneity.
For statistical models, both the fixed-effect (FE) model and random-effect (RE)
model are included in the RevMan 5.4.1 and will be tested for all studies to
present data in the most applicable way. For more precision and to ensure that
the results are consistent regardless of the model of analysis RE model was
also used.
2.11.1 Fixed-Effect (FE) Models
The FE model is one of the most popular meta-analysis models. The fixed
effects model usually has a stringent assumption regarding the population
sample size. Notably, this model assumes that samples are obtained from a
large population. Subsequently, this requirement most often cannot be met
when considering meta-analyses, which aggregate data from multiple and
variable design studies.
The utilization of the FE model in medical-based meta-analyses is common due
to the requirement of controlled experimental designs in medical research.
Under the fixed-effect model, only one true effect size is usually shared in the
analysis of different studies. Usually, in this FE model, the variation in effect
estimates observed results from sampling error.
2.11.2 Random Effects (RE) Model
A random effects model (also known as a variance components model) is a
statistical model with random variables as model parameters. It is an
hierarchical linear model in which the data being analysed comes from an
hierarchy of different populations whose differences are related to the hierarchy
(Gardiner, Luo, and Roman, 2009).

The random-effects technique assumes that separate studies estimate different
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but related intervention effects (Allen, 2017).

2.11.3 Forest Plot

The respective meta-analysis graphics are organized into six columns. The
findings of each research study are given in rows. The first column (“study”)
provides the list of studies (by citations) that are included in the meta-analysis.
The intervention groups are shown in the second column, while the control
groups are in the third column. The research findings are visibly shown in the
fourth column.

The centre line is known as "the line of no effect.” The fifth column's weight (in
percent) reflects the study's weighting or effect on the overall findings of the
meta-analysis of all included studies. The larger the box and the higher the
percentage weight, the greater the impact of the research on the total findings.
The horizontal lines show individual studies. The line length represents the
95% Cl, the squares on the line represent the study's effect size (risk ratio -
RR), and the area of the square represents the study's size (proportional to the
weight given). The position represents the study's point estimate (relative risk)
(Sedgwick, 2013).

The numerical data for each research (e.g., OR, relative risk, and 95%
confidence interval - CI) are shown in the sixth column. They are similar to the
graphical depiction in the fourth column. The diamond shows the overall
outcome of the meta-analysis in the graph's final row (Gopalakrishnan and
Ganeshkumar, 2013).

The overall effect is depicted as a diamond, with the central position
representing the pooled point estimate, the width representing the estimated 95
percent confidence interval for all studies, and the black plain line vertically in

the middle of the plot representing the "line of no effect” (e.g., relative risk = 1).
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The following factors are taken into consideration when analysing study results
and determining the impact of specific effect estimates on overall study results.
According to the Cochrane handbook effect estimate weight refers to the
degree of influence that a particular effect estimate has on the overall study
results. This weight is determined by several factors, including sample size,
confidence interval, inter-study variation, and precision of data. Sample size is
one of the most important factors in determining the weight of an effect
estimate. Generally, larger sample sizes lead to more precise estimates of
effect size and lower variability in the results. This means that larger studies
with more subjects are generally given more weight than smaller studies with
fewer subjects (Higgins et al., 2019).

Confidence interval is another key factor in weighting effect estimates. A
narrower confidence interval (i.e., a smaller range of plausible effect sizes)
indicates a more precise estimate and is more likely to be weighted more
heavily in the analysis (Higgins et al., 2019). A confidence interval is a range of
values that you expect your estimate to fall between. The percentage is called
the confidence level and is usually set at 95% or 99%. For example, a
confidence interval of 95% means that one is confident that 95 out of 100 times
the estimate will fall between the upper and lower values specified by the
confidence interval.

Inter-study variation is also important in weighting effect estimates. If there is
a high degree of variability in the results across multiple studies, it may be more
difficult to determine the true effect size, and estimates may be weighted less
heavily.

Precision of data is important to consider when determining the weight of

effect estimates. The more precise the data the higher the weight of the
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estimate (Higgins et al., 2019). Odds ratios are used to compare the relative
odds of the occurrence of the outcome of interest (e.g. disease or disorder),
given exposure to the variable of interest (e.g. health characteristic, aspect of
medical history). The odds ratio can also be used to determine whether a
particular exposure is a risk factor for a particular outcome, and to compare the
magnitude of various risk factors for that outcome. OR=1 Exposure does not
affect odds of outcome, OR>1 Exposure associated with higher odds of
outcome and OR<1 Exposure associated with lower odds of outcome

2.12 Definitions of safety and side effects terms used in chapters 3-7
Drug safety profile refers to the comprehensive evaluation of the potential
risks and benefits associated with the use of a particular medication. This
includes an assessment of its side effects, adverse reactions, toxicity, drug
interactions, contraindications, and other safety concerns. A drug's safety profile
can be affected by various factors like dosage, mode of administration, patient
demographics and underlying health conditions. The aim of evaluating a drug's
safety profile is to minimise the harm to patients and to ensure that the benefits
of the medication outweigh the risks (MHRA, 2023). “An adverse drug rection
(ADR): Is a response to a medicinal product, or combination of medicinal
products, which is noxious and unintended. ADRs may arise following the use
of a medicinal product within or outside the terms of the marketing
authorisation. ADRs are also categorised as type A-E. Type A reactions result
from an exaggeration of a drug’s normal pharmacological actions when given at
the usual therapeutic dose (for example respiratory depression with opioids) or
not directly related to the desired pharmacological action of the drug (for
example, dry mouth with tricyclic antidepressants).

Type B reactions (idiosyncratic/bizarre reactions) cannot be predicted from the
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known pharmacology of the drug (for example, anaphylaxis with penicillin and
skin rashes with antibiotics) and they are more likely to only be discovered after
a drug is made available for general use. Type C reactions is a continuing
reaction for example, osteonecrosis of the jaw with bisphosphonates.

Type D reactions is a delayed reactions after the use of a drug is ceased,
thereby making them more difficult to detect (for example, leucopoenia
occurring up to 6 weeks following some chemotherapeutic drugs such as
lomustine. Type E reactions which required end-of-use and are associated with
the withdrawal of a drug (for example, insomnia, anxiety, and perceptual
disturbances following the withdrawal of benzodiazepines).” (MHRA, 2023).
Side effects categorised in the Joint Formulary Committee (2023) as:
“Severe—the result might be a life-threatening event or have a permanent
detrimental effect, moderate—the result could cause considerable distress or
partially incapacitate a patient; they are unlikely to be life-threatening or result in
long-term effects; mild—the result is unlikely to cause concern or incapacitate the
majority of patients.”

They are also reported in the Joint Formulary Committee (2023) as:

“Very common: = 10%, Common: between > 1% and < 10%, Uncommon: between >
0.1% and < 1%, Rare or life threatening: < 0.1%.” An adverse drug reaction (ADRS)
also commonly referred to as side effects (mild-moderate or severe), which is
the term used in this thesis. Additionally, the word tolerance is used in this

thesis referring to the side effects and medication related complications profile.
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Chapter lll: Efficacy and Tolerance of Biologics in the
Treatment of Inflammatory Bowel Diseases: A
Systematic Review and Meta-Analysis

3.1 Background

Biologics are considered one of the new drugs manufactured from a biological
source, such as cells, whole blood, or recombinant proteins (Giezen et al.,
2008). These drugs have been used widely, with more than 35% of recently
approved drugs being biologics (DiMasi et al., 2010). The use of biologics in
medicine and treatment started in 1922 when the FDA approved insulin to
manage type one diabetes mellites (Frank, 2007). Biologics were then used for
many other diseases such as cancer, psoriasis, IBD (Specifically ulcerative
colitis [UC] and Crohn’s disease [CD]) (Schellekens, 2008). Some of the
biologics used for IBD were anti-TNF agents (infliximab, certolizumab pegol,
adalimumab, and golimumab) and anti-integrin molecules (natalizumab and
vedolizumab) (Danese et al., 2015).

CD is a chronic autoimmune IBD with relapsing and remitting symptoms
affecting all gastrointestinal tracts, most commonly the terminal ileum (Satsangi
et al., 2006). CD occurs at any age, but the most common age is between the
second and fourth decade (Molodecky et al., 2012). The disease incidences are
at their highest in Europe (322 per 100 000), followed by Canada (319 per 100
000) and the USA (214 per 100 000) (Molodecky et al., 2012). Also, several
factors affect CD, such as smoking; it leads to increased incidence
(Ananthakrishnan, 2015), and some have protective roles, such as smoking on
UC (Mahid et al., 2006). This disease has been managed with several drugs,
the first line being thiopurines or methotrexate. However, other drugs are now

used for managing CD, such as infliximab- tumour necrosis factor (TNF)-

71



inhibitor, and lately, other drugs such as Vedolizumab (Sandborn et al., 2013;
Nielsen and Ainsworth, 2013).

Another IBD is UC, an autoimmune disorder that mainly affects the colon. In the
UK, the cost for treating patients with UC in remission was £1693 (Ghosh and
Premchand 2015). Infliximab was approved for the management of UC in 2005
(Rutgeerts et al., 2005). However, moderate to severe UC is managed with
adalimumab, golimumab, anti-a4b7 antibody, interleukin (IL), and ustekinumab
(Panaccione et al., 2014).

Biologics have individualised responses with different levels of effect and side
effects (Panaccione et al., 2014). Few studies assessed different types of
injectable biologics compared to placebo or other drugs. Therefore, this
systematic review is expected to add to the current knowledge to improve
clinicians' understanding of CD and UC management using injectable biologics
agents.

3.2 Methods and materials

This systematic review was conducted according to the Cochrane handbook for
systematic reviews of interventions (Higgins et al., 2008) and reported using the
preferred reporting items for systematic review and meta-analysis (PRISMA
statement) (Page et al., 2021). It included people diagnosed with CD or UC
whose been managed using an injectable biologic.

3.2.1 Search strategy

Searched databases were PubMed, SCOPUS, Web of Science, and Cochrane
databases by using the keywords (“self-management” OR “home care” OR
“‘homecare” OR “self-care” OR “self-administered” OR “self inject”) and
(“injectable biologics” OR “outpatient injectable biologics therapy” OR

“biologics”) and (“inflammatory bowel disease” OR “Crohn's” OR “ulcerative
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colitis” OR “IBD” OR “UC”). Studies were dated between 2000 and 2022.

3.2.2 Eligibility criteria and study selection

3.2.2.1 PICOS

P: All patients diagnosed with IBD, UC and CD.

I: Any type of injectable biologics been used for management of IBD, UC or CD.

C: Comparing biologics with control / control

O: Side effects (mild-moderate and severe), death due to the intervention and

remission for both drugs or control groups.

S: Inpatient, outpatient or homecare.

3.2.2.2 Inclusion criteria

1. Randomized controlled trials (RCTs), cohort, case-control studies, and
quantitative or qualitative research design comparing injectable biologics
versus control or another type of injectable biologics.

2. The study included patients diagnosed with CD or UC.

3. Self-management in homecare and focusing on injectable biologics and
home service for CD or UC.

4. Published from the year 2000 up to 2021 in a peer-reviewed journal.

5. The full article could be sourced in the English language.

3.2.2.3 Exclusion criteria

1. Case studies, opinion papers, systematic reviews, or study protocol. Also,
articles were published in encyclopaedias and wikis.

2. Study outlining injectable biologics without comparing it with another drug or
control.

3. Studies focus on homecare services for situations not defined as health
conditions, such as respite services or social care programs.

4. Studies focus on long-stay care, assisted facilities, and nursing homes.
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5. Duplicates, abstract only, not peer-reviewed or published.

3.2.3 Types of Interventions and Comparisons

In this systematic review, the intervention was any injectable biologics used to

treat CD or UC.

3.2.4 Data extraction

The authors extracted the following data from the included studies:

1. Baseline characters and summary of the studies with participants treated
with injectable biologics.

2. Outcomes: Death due to injectable biologics, severe side effects of
injectable biologics, mild-moderate side effects of injectable biologics, and
clinical remission due to the use of injectable biologics.

3.2.5 Data analysis

In the systematic review, baseline data and outcomes was extracted from

included studies and presented as tables. Missing mean and standard deviation

(SD) were calculated from the median, standard error, or 95% confidence

interval (CI) (Altman and Bland 2005).

Meta-analysis for death, severe side effects of injectable biologics, mild-

moderate side effects of injectable biologics, and clinical remission of

participants was done using Review Manager 5.4.1.

3.3 Results

3.3.1 Literature search

The search in databases found 3471 articles. After the title check, duplicates

were removed, leaving 2993 unique articles. After the abstract screening, 107

articles were selected as relevant as they measured same outcomes as

required by this study. The full text of the selected studies was evaluated,

further 84 were rejected due to the difference in their design and methodology
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which can compromise the meta-analysis and 9 were excluded due to the

absence of quantitative data, and inability to calculate data to use in the meta-

analysis but it will be used in the discussion. Finally, 14 studies were eligible to

be included in the systematic review for this chapter (Figure 1).
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Figure 1: PRISMA flow diagram for IBD studies

3.3.2 Characteristics of the included studies

A total of 20251 participants with either CD or UC were included in this study.
The mean age range for this systematic review population was between 31.7
and 46 years for all selected studies. Females were involved in all of the
included studies. Most studies were from the USA. Table 7 shows the

population demographics and study summary.
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Table 7: Summary and findings of included studies.

Citations Study Country Sample | Mean age Intervention Study findings
design Size at baseline
Allez et al., 2017 | RCT Denmark 78 35.2 years | Anti-NKG2D Reduction in disease activity after the drug
monoclonal antibody
(NNC0142-0002)
Andrade et al. Retrospectiv | Portugal 732 36.3years | Anti-tumor necrosis anti-TNF therapy was associated with anti-TNF-induced
2018 e study factor-a- psoriasiform lesions.
Hanauer et al., RCT USA 299 38.5years | Adalimumab Adalimumab is better than control for induction of remission
2006
Ochsenkiihn et | Retrospectiv | Germany 19 46 years Ustekinumab Ustekinumab is effective and safe in managing moderate to
al., 2020a e study severe UC
Rossi et al. RCT Croatia, Russia, | 194 40.4 years | Interferon-b-la No difference was found for interferon-b-1a
2008 Western Europe
Rossi et al. RCT USA 192 38.5 years Interferon beta-1a No difference in efficacy between IFN beta-1a or control
2009
Rutgeerts et al. RCT Belgium 372 - Certolizumab pegol Certolizumab pegol improved health related quality of life
2008
Rutgeerts etal., | RCT USA 291 41 years Golimumab Golimumab did not improve clinical outcome
2015
Sandborn et al. RCT USA 464 40.2 years | Golimumab Golimumab maintained clinical response through week 54
2014b
Sandborn et al. RCT 14 countries 249 42.6 years Mirikizumab Mirikizumab was effective in inducing a clinical response in
2020 patients with UC
Sandborn etal., | RCT USA 659 37.5years | Certolizumab pegol Better improvement in response rate compared with control
2007 and no significant in remission rate
Sands et al., RCT USA 148 40.2 years | Recombinant human Recombinant human interleukin-11 effective in inducing
2002 interleukin-11 remission in CD
Schreiber et al RCT Germany 75 33 years SC antisense ICAM-1 | There is no difference in side effects and the drug did not
2001 improve clinical end point
Vermeire etal.,, | RCT USA 587 31.7 years | Anti-MAdCAM PF-00547659 was safe and well tolerated and better than
2017 antibody (PF- control for induction of remission in patients with moderate to
00547659) severe UC
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3.3.3 Selected studies quality assessment

The quality of the included studies was appraised using the Effective Public
Health Practice Project (EPHPP) quality assessment tool (Thomas et al., 2003).
The EPHPP is crucial for appraisal when dealing with different study designs in
a single review (Jackson and Waters, 2005; Deeks et al., 2003). It has also
been thought to have a better inter-rater reliability compared with the Cochrane
Collaboration Risk of Bias (Armijo-Olivo et al., 2010).

Six assessment criteria of the methodology study quality (selection bias,
confounders, study design, blinding of participants, methods of data collection,
and withdrawal and dropouts) were scored as either weak, moderate, or strong,
where strong referred to being reported on and clear to understand, moderate is
being reported on but brief or not clear and weak which meant not reported on
(Table 8). Two studies had weak overall rating, eight studies had a moderate

rating and four studies had a strong overall rating score.

Table 8: Quality assessment scores for the included studies using EPHPP.

study 3 ) c =2 Overall
pa 2 é § Fi e .% 3l 28 Rating
S 22| 3 S T3s| 52 Score
5} n o = = N=9| cN
@ o) c fon) o=| = —
° @] O ; c
) © ©
Allez et al., 2017 S S W S M M Moderate
Andrade et al. 2018 M S M S S W Moderate
Hanauer et al., 2006 M S S W S M Moderate
Ochsenkiihn et al., 2020a M S M W S S Moderate
Rossi et al. 2008 M M M S S S Strong
Rossi et al. 2009 M S M M S S Strong
Rutgeerts et al. 2008 w M M S S M Moderate
Rutgeerts et al., 2015 M W W w M S Weak
Sandborn et al. 2014b M S S W S S Moderate
Sandborn et al. 2020 S S S S w M Strong
Sandborn et al., 2007 S M W W W M Weak
Sands et al., 2002 M S S M M W Moderate
Schreiber et al 2001 S S S S S S Strong
Vermeire et al., 2017 M S W S S M Moderate

Note: overall score was considered as strong where zero weak rating, moderate where one
weak rating, and weak where two or more weak ratings were recorded. S = strong (reported and
clear), M = moderate (reported but brief or not clear) and W = weak (not reported)

The funnel plot was asymmetric indicating possible risks of bias in the study due
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to high variance in studies or effect size produced from the included studies.
This can also be due to smaller studies having sampling error in their effect

estimates. Therefore, both FE and RE model were used in this study analysis

(Figure 2).
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Figure 2: Funnel plot for studies used for IBD studies

All the studies selected had a relatively similar study methodology, however the
outcomes varied depending on the type of biologics used, the length of the
follow-up period, and the nature of dosing. All the studies included in this
systematic review had a moderate probability that the relationship is causal and
thus were all level 1++ and 1+ studies according to the LoE hierarchy of
evidence. Schreiber et al., (2021) found the SC antisense ICAM-1, did not
improve the clinical outcome (Schreiber et al., 2001). Except for Sandborn et al.
(2017), the Anti-MAdCAM antibody was found to be effective for both doses of
22.5 mg and 75 mg (Vermeire et al., 2017).

After using an Anti-NKG2D monoclonal antibody in active CD, Allez et al. (2016)

found a reduction in disease activity(Allez et al. 2017). Sandborn et al. (2007)
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found Certolizumab Pegol better in improving response rate and not remission
rate (Sandborn et al., 2007). Another reported outcome was quality of life, and
Rutgeerts et al. (2017) found that Certolizumab pegol improved health-related
quality of life. Rossi et al. (2008) found no difference in the intervention. Clinical
remission was found to be better for vedolizumab.

Another study by Hibi et al. (2017) found that Golimumab could maintain clinical
efficacy until week 54 after the intervention (Hibi et al., 2017). But Sandborn et
al. (2019) found that mirikizumab improved the clinical response. Hanauer et al.
(2006) showed that Adalimumab is better for induction of remission.

For Ochsenkiihn et al. (2020) found that ustekinumab is effective and safe in
managing patients with UC. Rossi et al. (2009) showed no difference in
outcomes for IFN beta-1a.

3.3.5 Meta-analysis of the measured outcomes

The right side of all forest plots refers to the study non-intervention group which
can be usual care of non-biologics, control or no treatment all of which are
grouped as control.

3.3.5.1 Death due to injectable biologics intervention vs. control

Cause of death was not explained in the study, other than that it was related to
the intervention. Death was reported only in one study for both UC and CD. The
pooled effect estimates of death from the intervention (Figure 3, FE) analysis
showed that there was no statistically significant difference between injectable
biologics and control in death among participants in both UC and CD groups
and in the overall sample (p = 0.61, p = 0.05, p = 0.79 respectively). The 6
pooled study groups heterogeneity was low (p = 0.39, 12 = 0%). In the analysis
for UC, the selected studies did not report on all side effect events where they

are non-specific or subjective to patient reporting and not through
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sigmoidoscopy and colonoscopy.

Injectable Biologics Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI W-H, Fixed, 95% CI
2.1.1 Ulcerative Colitis
Rossietal 2008 1] 130 ] 64 Mot estimable
Rutgeerts etal 2015 i] 214 i 77 Mot estimahle
Sandbarn etal 2007 1 514 i 73 B36% 043[0.02 10.64] |
Subtotal {95% CI) 858 214 63.6% 043[0.02,10.64] ——e——
Total events 1 i

Heterogeneity: Mot applicable
Testfor overall effect Z= 052 (F = 0.61)

2.1.2 Crohn's Disease

Allez etal, 2017 i} 40 0 38 Mat estimahble

Sandborn etal., 2007 1 an 0 328 36.4% 2.98[0.12 73.48) =

Schneiber etal, 2001 i] G0 i 15 Mot estimahble

Subtotal (95% CI) 431 381  36.4% 2.98[0.12,73.46] ——e N —
Total events 1 ]

Heterogeneity: Not applicable

Testfor averall effect 2= 0.67 (P =040

Total (95% Cl) 1289 595 100.0% 1.36 [0.14, 12.98] —eee G ———

Total events 2 a

Heterogeneity, Chi®= 0.73, df= 1 (P = 0.39); = 0% I t t |
Testfor overall effect Z=0.27 (F=0.79) Dmlnjedagl'; Biologics Contral 1o 1o

Testfor subgroup differences: Chif= 070 df=1{P=040 F=0%

Figure 3: Fixed model, death due to injectable biologics in IBD patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event:
Death due to injectable intervention or control.

Figure 4 showed that the difference, in the RE analysis, between injectable
biologics and control in death among patrticipants in the UC, CD and total
groups were statistically not significant (p = 0.61, p = 0.50, p =0.91
respectively). The 6 pooled study groups heterogeneity was low (p = 0.39, 12 =
0%). Statistically both FE and RE models showed similar outcomes for UC, CD
and total participants, where RE confirmed the FE results for the entire sample
(p=0.79vs. p=0.91). The OR is <1 (0.43 - 0.02, 10.64) indicating that the
exposure to injectable biologics was associated with lower odds of outcome in
UC subgroup (death). The OR is >1 (2.98 - 0.12, 73.46) indicating that the
exposure to injectable biologics was associated with higher odds of outcome for
CD subgroup (death).The OR is >1 (1.13 - 0.12, 10.95) indicating that the
exposure to injectable biologics was associated with higher odds of outcome for

the entire IBD group (death).
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Injectable Biologics Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 Ulcerative Colitis
Rossietal 2008 0 130 1] G4 Mot estimahble
Rutgeerts et al 2015 1] 214 i} T Mot estimahle
Sandborn et al 2007 1 514 i] 73 48.9% 0.431[0.02, 10.64] i
Subtotal (95% CI) 858 214 49.9% 0.43 [0.02, 10.64] ——*——
Total events 1 i]
Heterogeneity: Mat applicable
Testfor overall effect: 2= 0452 (F=0.61)
2.1.2 Crohn's Disease
Allezetal, 2017 i] 40 i} 38 Mot estimahle
Sandborm et al., 2007 1 an o 328 501% 2981012, 73.46] i
Schneiberetal, 2001 0 B0 i) 148 Mot estimable
Subtotal (95% CI) 431 381  50.1% 2.98[0.12, 73.46] ——*——
Total events 1 1}
Heterogeneity: Mot applicable
Test for overall effect: £ = 0.67 (F = 0.50)
Total {95% Cl) 1289 535 100.0% 1.13[0.12, 10.95] —-*——
Total events 2 1}
Heterageneity: Tau®= 0.00; Chi*= 073, df=1 (P = 0.39%; F= 0% lﬂ o 051 150 le
Testfor overall effect: Z=011 (F=0.81) ) Injedabl.e Biologics Control
Test for subgroup differences: Ghi*= 0.70, df=1 (P =0.40) F= 0%

Figure 4: Random model, death due to injectable biologics in IBD patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event:
Death due to injectable biologics or control.

3.3.5.2 Severe side effects due to injectable biologics intervention vs.
control

The pooled effect estimates for severe side effects from the intervention (Figure
5, FE) analysis showed that there was a statistically significant difference
between injectable biologics and control in severe side effects among
participants in the UC, CD and total groups were statistically not significant (p =
0.010, p <0.001, p <0.001 respectively). The 10 pooled study groups

heterogeneity was low (p = 0.16, 12 = 30%).
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Injectable Biologics Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Figure 5: Fixed model, severe side effects due to injectable biologics in IBD patients.

Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event:

severe side effects due to injectable biologics or control.

The pooled effect estimates of severe side effects from the intervention (Figure

6, RE) analysis showed that there was a statistically significant difference

between injectable biologics and control in severe side effects among

participants in the UC, CD and total groups were statistically not significant (p =
0.005, p = 0.010, p <0.001 respectively). The 10 pooled study groups,
heterogeneity was low (p = 0.16, 12 = 30%). The OR is <1 (0.56 - 0.37, 0.84)
indicating that the exposure to injectable biologics was associated with lower
odds of outcome for UC subgroup (severe side effects). The OR is <1 (0.48 -
0.28, 0.84) indicating that the exposure to injectable biologics was associated
with lower odds of outcome for the CD subgroup (severe side effects). The OR
is <1 (0.51 - 0.36, 0.71) indicating that the exposure to injectable biologics was
associated with lower odds of outcome for the entire IBD group (severe side

effects).
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Figure 6: Random model, severe side effects due to injectable biologics in IBD patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event:
severe side effects due to injectable biologics or control.

3.3.5.3 Mild-moderate side effects due to injectable biologics intervention
vs. control

The pooled effect estimates of mild-moderate side effects from the intervention,
(Figure 7, FE) analysis showed that there was no statistically significant
difference between injectable biologics and control in mild-moderate side effects
among participants in the UC and CD (p = 0.18, p = 0.08, p =0.90 respectively)
but the total difference was statistically significant (p = 0.03). The 10 pooled

study groups heterogeneity was substantial (p < 0.00001, 12 = 79%).
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Figure 7: Fixed model, mild-moderate side effects due to injectable biologics in IBD patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: Mild-
moderate side effects due to injectable biologics or control.

The pooled effect estimates of mild-moderate side effects from the intervention
(Figure 8, RE) analysis showed that there was no statistically significant
difference between injectable biologics and control in severe side effects among
participants in the UC, CD and total groups were statistically not significant (p =
0.70, p = 0.20, p =0.29 respectively). The 10 pooled study groups
heterogeneity was substantial (p < 0.00001, 12=79%). The OR is <1 (0.87 -
0.43, 1.75) indicating that the exposure to injectable biologics was associated
with lower odds of outcome for the UC subgroup (mild-moderate side effects).
The OR is <1 (0.76 - 0.49, 1.16) indicating that the exposure to injectable
biologics was associated with lower odds of outcome for the CD subgroup
(mild-moderate side effects). The OR is <1 (0.81 - 0.55, 1.20) indicating that the
exposure to injectable biologics was associated with lower odds of outcome for

the entire IBD group (mild-moderate side effects).
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Figure 8: Random model, mild-moderate side effects due to injectable biologics in IBD patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: Mild-
moderate side effects due to injectable biologics or control.

3.3.5.4 Clinical remission failure due to injectable intervention or control
among participants

The pooled effect estimates of Clinical remission from the intervention (Figure 9,
FE) showed statistical significance in the difference between injectable biologics
and control clinical remission among participants in the UC and total groups
were statistically not significant (p <0.001) but it was not significant in the CD

group (p = 0.21). The 10 pooled study groups had considerable heterogeneity

(p < 0.001, 12 = 93%).
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Figure 9: clinical remission due to injectable biologics in IBD patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event:
Clinical remission due to injectable intervention or control.

The pooled effect estimates of Clinical remission from the intervention (Figure
10, RE) showed statistical significance in the difference between injectable
biologics and control clinical remission among participants in the UC and total
groups were statistically significant (p = 0.02) but it was not significant in the CD
group (p = 0.37). The 10 pooled study groups had considerable heterogeneity
(p < 0.001, I12=93%). Statistically both FE and RE models showed similar
outcomes for UC, CD and total participants, where RE confirmed the FE results
for the entire sample (p <0.001 vs. p = 0.02). The OR is <1 (0.20 - 0.05, 0.77)
indicating that the exposure to injectable biologics was associated with lower
odds of outcome for UC subgroup (clinical remission failure). The OR is <1
(0.78 - 0.044, 1,36) indicating that the exposure to injectable biologics was
associated with lower odds of outcome for CD subgroup (clinical remission
failure). The OR is <1 (0.40 - 0.018, 0.88) indicating that the exposure to
injectable biologics was associated with lower odds of outcome for the entire

IBD group (clinical remission failure).
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Figure 10: Random model, clinical remission due to injectable biologics in IBD patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event:
Clinical remission due to injectable intervention or control.

3.3.6 Risk of bias

The risk of bias summary and traffic light analysis is illustrated in Figures 11 and
12, where studies were graded based on random allocation sequence,
allocation concealment, blinding of participants, personnel, and outcomes,

incomplete data, and selective reporting.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

i

Other bias

0% 25% 50% TA%  100%

‘ -Lowrisk of bias DUncIear risk of bias -High risk of hias

Figure 11: Risk of bias summary for IBD studies

All eligible studies achieved greater than 50% score of low RoB which is
indicative of their high quality and similarity, making them suitable for inclusion

in the meta-analysis. The risk of bias informs interpretation of the heterogeneity
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assessment in the meta-analysis but does not indicate that the study should be

excluded to prevent the systematic review findings bias.
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Figure 12: Risk of bias traffic light for IBD studies

3.3.7 Number needed to treat (NNT) or harm (NNH) calculations
3.3.7.1 NNH for death as an outcome

NNH for death for UC patients

Intervention: 1/858 = 0.0012

Control: 0/214 =0

ARR =0.0012 - 0=0.0012
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NNH = 1/0.0012 = 833

Approximately 833 patients need to received treatment to cause one death
when compared to zero in the same number in the control group. NNH is not
negative figure which indicates that the possible harm caused by the use of
biologics exists, but it is very small and does not negate their use when
required.

NNH for death for CD patients

Intervention: 1/431 = 0.0023

Control: 0/381 =0

ARR =0.0023 - 0 = 0.0023

NNH = 1/0.0023 = 435

Approximately 435 patients need to received treatment to cause one death
when compared to zero in the same number in the control group. NNH is not
negative figure which indicates that the possible harm caused by the use of
biologics exists, but it is very small and does not negate their use when
required.

NNH for pooled data for death for IBD patients (UC and CD)

Intervention: 2/1289 = 0.0016

Control: 0/595 =0

ARR =0.0016 - 0 = 0.0016

NNH = 1/0.0016 = 625

Approximately 625 patients need to received treatment to cause one death
when compared to zero in the same number in the control group. NNH is not
negative figure which indicates that the possible harm caused by the use of
biologics exists, but it is very small and does not negate their use when

required.
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3.3.7.2 NNH for severe side effect as an outcome

NNH for severe side effects for UC patients

Intervention: 69/1352 = 0.051

Control: 42/433 = 0.097

ARR =0.051 - 0.097 = -0.046

To calculate the NNH the absolute value of the ARR which is negative (-0.049)
should be inverted. The inverted value of the ARR would be 1/0.049 = 20.41.
Therefore, the NNH would be 20.41, which means that for every approximately
20 patients treated with the intervention, one additional patient would be
harmed as compared to the control group. This indicate that possible harm
caused by the use of biologics exists, but it does not negate their use when
required.

NNH for severe side effects for CD patients

Intervention: 136/1006 = 0.135

Control: 104/581 = 0.179

ARR =0.135-0.179 = -0.044

To calculate the NNH the absolute value of the ARR which is negative (-0.044)
should be inverted. The inverted value of the ARR would be 1/0.044 = 22.72.
Therefore, the NNH would be 22.72, which means that for every 23 patients
treated with the intervention, one additional patient would be harmed as
compared to the control group. This indicate that possible harm caused by the
use of biologics exists, but it does not negate their use when required.

Pooled data for severe side effects for IBD (UC and CD) patients

Intervention: 205/2358 = 0.087

Control: 146/1014 = 0.144

ARR =0.087 - 0.144 = 0.057
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NNH = 1/0.057 = 18

This means that for every 18 patients treated with the intervention, one
additional patient would be harmed as compared to the control group. This
indicate that possible harm caused by the use of biologics exists, but it does not
negate their use when required.

3.3.7.3 NNH for mild-moderate side effects as an outcome

NNH for mild-moderate side effects for UC patients

Intervention: 664/1352 = 0.49

Control: 258/433 = 0.60

ARR =0.49-0.60 =-0.11

To calculate the NNH the absolute value of the ARR which is negative (-0.11)
should be inverted. The inverted value of the ARR would be 1/0.11 = 9.
Therefore, every 23 patients treated with the intervention, one additional patient
would be harmed as compared to the control group. This indicate that possible
harm caused by the use of biologics exists, but it does not negate their use
when required.

NNH for mild-moderate side effects for CD patients

Intervention: 578/1006 = 0.57

Control: 421/581 = 0.72

ARR =0.57-0.72 =-0.15

NNH =1/0.72 =7

To calculate the NNH the absolute value of the ARR which is negative (-0.15)
should be inverted. The inverted value of the ARR would be 1/0.15 = 6.66.
Therefore, the NNH would be 6.66, which means that for every 7 patients
treated with the intervention, one additional patient would be harmed as

compared to the control group. This indicate that possible harm caused by the
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use of biologics exists, but it does not negate their use when required.

Pooled data for mild-moderate side effects for IBD (UC and CD) patients

Intervention: 1242/2358 = 0.53

Control: 679/1014 = 0.67

ARR =0.53-0.67 =-0.14

To calculate the NNH the absolute value of the ARR which is negative (-0.14)
should be inverted. The inverted value of the ARR would be 1/0.14 = 7.1.
Therefore, every 7 patients treated with the intervention, one additional patient
would be harmed as compared to the control group. This indicate that possible
harm caused by the use of biologics exists, but it does not negate their use
when required.

3.3.7.3 NNT for clinical remission failure as an outcome

NNT for remission in UC patients

Intervention: 277/1351 = 0.21

Control: 250/429 = 0.58

ARR =0.21-0.58 =-0.37

NNT =1/0.37=2.7=3

Therefore for every 3 patients received the intervention one additional patient
will experience clinical remission compared to control group.

NNT for remission in CD patients

Intervention: 220/966 = 0.23

Control: 134/543 = 0.25

ARR =0.23-0.25=-0.02

NNT = 1/0.02 = 50

Therefore for every 50 patients received the intervention one additional patient

will experience clinical remission failure compared to control group.
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Pooled data for remission in IBD patients (UC and CD)

Intervention: 497/2317 = 0.21

Control: 384/972 =0.4

ARR =0.21-0.4=-0.19

NNT =1/0.19=5

Therefore for every 5 patients received the intervention one additional patient
will experience clinical remission compared to control group.

3.4 Review discussion

This was a systematic review and meta-analysis of injectable biologics in
patients with UC and CD and as a combined IBD. A concern that faces patients,
clinicians, and doctors during managing these diseases is the side effects
profile of injectable biologics (Gavin et al., 2018). The 6 pooled study groups
showed that death was statistically not significant between patients in the
intervention and control groups (p = 0.91), with approximately 625 patients need
to received treatment for one death to occur, which does not exceed the death
rate in the UK (9.7 per 1000 people — UK Health Security Agency, 2021). The
10 pooled study group showed that occurrence of severe side effects was
statistically significant between patients in the intervention and control groups (p
<001), with approximately 18 patients need to received treatment for one severe
side effects to occur, most severe side effects involve infection risk such as
tuberculosis or cardiovascular events (Joint Formulary Committee, 2023).
Andrade et al. (2018) concluded that tumour necrosis factor alpha inhibitors
(anti-TNF-a) completely revolutionised the treatment of IBD with clinical
remission demonstrated over control. However, anti-TNF-a-induced cutaneous
side effects have been noted a serious side effect. Furthermore, some mild-

moderate side effects due to injectable intervention were also compared across
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studies. The mild-moderate side effects were fever, abdominal pain, injection-
site inflammation, fatigue, and nausea (Florez et al., 2018). The 10 pooled study
groups showed that occurrence of mild-moderate side effects was statistically
not significant between patients in the intervention and control groups (p =
0.29), with approximately seven patients need to received treatment for one
severe side effects to occur. Rossi et al. (2009) studied interferon beta-1a for
the maintenance of remission in patients with CD. The results of a phase Il
dose-finding study found little difference between treatment groups in
secondary efficacy endpoints. IFN beta-1a was generally well tolerated at all
doses. Side effects were generally mild-moderate in IFN beta-1a-treated
patients, with influenza-like symptoms, headache, injection-site reactions are
the most reported.

In this meta-analysis different injectable biologics were combined to understand
the total efficacy and harm (side effects and death) as measured outcomes in
different studies comparing injectable biologics with control. Clinical remission in
IBD defined as the absence of clinical symptoms and endoscopic evidence of
inflammation (Gkikas et al., 2020). Loss of clinical remission defined as relapse
or the return of the disease symptoms (Logan et al., 2020). It was found that
statistical significance in the difference between injectable biologics and control
clinical remission among participants in the total IBD groups were statistically
significant (p = 0.02). This finding is in line with the study conducted by
Ochsenkiihn et al. (2020) investigating clinical outcomes with ustekinumab as
rescue treatment in therapy-refractory or therapy-intolerant UC. The 14 patients
who completed the study had a median colitis activity index dropped from 8.5
points (range 1-12) to 2.0 points at one year (range 0-5.5) and Mayo clinic

endoscopy scores fell from a median of two points (range 1-3) to a median of
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one point (range 1-3) at one year. Clinical remission was achieved in 53% of
participants. Ungaro et al. (2020) systematic review and meta-analysis
investigated the efficacy and safety of early biologic treatment in patients with
CD (n=18471). They found that the early use of biologics was associated with
higher rates of clinical remission (n = 2763, p < 0.001), lower relapse rates (n =
596, p = 0.003) and higher mucosal healing rates (n = 994, p < 0.001)
compared with late/conventional management. The studies concluded that
biologic treatment is associated with improved clinical outcomes in CD patients,
not only in prospective clinical trials but also in real-world settings. When the
NNT was calculated approximately 5 patients need to received treatment for
one remission to occur, which clinically favourable the use of biologics in the
treatment of IBD conditions. In Gisbert et al. (2007) systematic review on the
use of infliximab therapy in UC and reported that it was more effectiveness
compared to control, with an NNT from 3 to 5, for the treatment of moderate-to-
severe UC, achieving clinical remission in 40% of the patients at approximately
9-months of follow-up which agree with the NNT calculated in this study (n=5).
3.5 Review conclusion

This systematic review and meta-analysis found using injectable biologics as a
treatment option for IBD patients was supported by the outcomes, that should
take into account their efficacy and side effect profile and the individual patients’
characteristics. Patients’ awareness of severe side effects and the actions
required should they experience them, would facilitate their ability to self-care

and provide safe treatment environment.
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Chapter IV: Efficacy and Tolerance of Biologics in the
Treatment of Rheumatoid Arthritis: A Systematic
Review and Meta-Analysis

4.1 Background

RA is a systemic inflammatory condition It manifests as swelling in the synovial
fluid around the joints, which causes persistent damage to the bone and
cartilage, limiting mobility and causing discomfort in the afflicted joints (van
Oosterhout et al., 2007). Due to interactions between T- and B lymphocytes and
synovial fibroblast, many inflammatory cascades occur in RA, and Tumour
necrosis factor (TNF) increases to a high level in this condition (Feldmann et al.,
1996). Around the globe, RA affects many individuals. Among the UK
population, around 400,000 people have the disease, which is a significant
burden and is more common in elderly people (Parsons et al., 2011). Numerous
imaging techniques, including magnetic resonance imaging (MRI) and
ultrasound, have been used to diagnose and treat RA. These techniques allow
doctors to visualise both reversible and permanent changes in the afflicted
joints (Boutry et al., 2007; Boesen et al., 2009).

RA is treated using a range of therapies. Non-drug treatments include stretching
exercises, joint prevention, and foot care (Christie et al., 2007; Hurkmans et al.,
2009). Additionally, there are medications available to treat RA sufferers, such
as biologics, which modify disease activity reducing symptoms (Burmester and
Pope, 2017). More and more inflammatory immune-mediated illnesses are
being treated with biologics. Biologics are made up of a variety of humanised or
chimeric (mouse-human) monoclonal antibodies or alternative fusion proteins
that target certain stages in proinflammatory pathways and are produced via

recombinant biotechnology (Chong and Wong, 2007; Shirota et al., 2008). The
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biologic drugs are administered in various ways, but are all injectable
preparations, with different administration schedules depending on the disease
being treated. Rituximab and infliximab must be administered as scheduled IV
infusions; etanercept and adalimumab must be administered as scheduled SC
injections (biweekly, weekly, every two weeks, or monthly); and alefacept must
be administered as scheduled IM injections every week. Biologic medicines are
effective in treating a variety of systemic inflammatory chronic diseases. For
instance, rituximab and a variety of TNF-inhibitors have become popular
treatments for RA when used in the right clinical settings (Deighton et al., 2010;
Bukhari et al., 2011).

The biologic medicines' effectiveness in treating these conditions has led to
their off-label initial usage in a broad range of mucocutaneous disorders
(Graves et al., 2007). The recent developments in the biologics treatments for
RA has led to the introduction of several significant guidelines with the most
recent arbitrated by the American College of Rheumatology and the European
League Against Rheumatism (Findeisen et al., 2021). To compare overall
efficacy of biologics in RA treatment, clinical remission was defined as lower
disease activity score in 28 joints, lower clinical disease activity index and
simplified disease activity index (Koh et al., 2022). However, predictors such as
obesity, long-term smoking, and the presence of other comorbidities (Khader et
al., 2022) were not considered or measured in this systematic review and meta-
analysis.

4.2 Methods and Materials

4.2.1 Search strategy

The recommended reporting elements for systematic review and meta-analysis

(PRISMA statement) was used to perform this research (Cumpston et al., 2019;
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Moher et al., 2009). People with RA who have been managed with injectable

biologics were included in this systematic study. The Cochrane database, Web

of Science®, SCOPUS®, and PubMed® were searched for studies published

from January 2000 to August 2022.

The lists of references of identified articles were further scanned to identify

additional studies since only electronic databases were searched, grey literature

was not taken into consideration. To conduct e-databases search, a search

string was developed for PubMed, then slightly adjusted for use in the other

databases. The following keywords were used: (“self-management” OR “self-

care” OR “self-administered” OR “self-inject”) and (“injectable biologics” OR

“outpatient injectable biologics therapy” OR “biologics”) and (“Rheumatoid

Arthritis” OR “RA”).

4.2.2 Eligibility criteria and study selection

4.2.2.1 PICOS

P: Patients diagnosed with RA.

I: Any injectable biologics used for the treatment of RA.

C: Comparing biologics to control.

O: Death due to injectable biologics, severe side effects of injectable biologics,

mild-moderate side effects of injectable biologics, and clinical remission due to

the use of injectable biologics.

S: Inpatient, outpatient or homecare.

4.2.2.2 Inclusion criteria

1. Injectable biologics required to be compared to control or another kind of
injectable biologic.

2. Randomised controlled trials (RCTS), case-control studies, cohort studies,

and qualitative or quantitative research designs.
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3. Published between the years 2000 and 2022 in an English-language in a
peer-reviewed journal.

4.2.2.3 Exclusion criteria

1. Case studies, opinion pieces, systematic reviews, research protocols, or
writings that appeared in encyclopaedias or wikis.

2. Animal studies and studies that merely provided an overview of injectable
biologics without comparing them to other medications or controls were
disregarded.

4.2.3 Types of Interventions and Comparisons

In this systematic review, the intervention was any type of injectable biologics

used for treatment of RA.

4.2.4 Data Extraction

After study selection and assessment of methodological quality, the next

process was data extraction. Two investigators working independently were

involved in the extraction of data. Data from the eligible studies we entered into
an already prepared Excel™ spreadsheet.

The extracted data fields include the author and year of publication, research

design, study location, and the total number of study participants, mean age of

patients at baseline, intervention, gender of patients and findings from the
studies. Results of the extraction were then combined through discussions to
modify any incongruities present in the data.

4.2.5 Data analysis

Review Manager 5.4 was used for statistical analysis and produce forest plots.

The meta-analysis for death caused by the intervention, severe and mild-

moderate side effects and clinical remission was carried out. The odds ratio

(OR), which was determined using a fixed effects model, served as the metric
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for effect. A <0.05 p-value was chosen as the significance threshold. According
to Choi and Lam (2017), the |2 statistic was used to classify the level of
statistical heterogeneity.

4.3 Results

4.3.1 Literature search

The search of articles in e-databases yielded 1,300 articles, 325 articles from
PubMed, 861 from Scopus, 88 clinical trials from Web of science, and 26
articles from Cochrane database.

An additional 121 articles were identified from screening reference lists, making
the total number 1421, 600 duplicate articles were then eliminated. After
screening the abstracts and titles, 723 were disqualified. Only 10 of the
remaining 98 papers met the inclusion criteria after being read in their entirety

(Figure 13).

)

Records removed before

) - . screening:
Records identified from*: Duplicate records removed
Databases (n = 1300) — > (n 14 600)

Registers (n = 121)

Records excluded due to

Records screened methodology of studies
_ >
(n = 821) (n=723)

Records removed due to title
of articles (n =723 )

Identification

[

)

o
£
o
]
2
3]
7] .
Full text articles
Reports assessed for eligibility Papers do not meet eligibility for
(n=98) > RCT, comparing against
placebo or not reporting
outcomes criteria (n = 88)
—
v
3
° Studies included in review
=1
I (n=10)
i =4

Figure 13: PRISMA flow diagram for RA studies
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4.3.2 Characteristics of the included studies

A total of 4704 individuals with RA were included in this systematic review and
meta-analysis. The population mean age varied between studies and ranged
between 46 and 55.4 years. All of the included studies included a total of 3857
female participants were recorded. Most research took place in the USA. The
demographics of the population and a synopsis of the studies that included

people with RA are shown in Table 9.
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Table 9: Features of the encompassed studies

Citations dStu_dy Country Sa’.“p'e Patients Intervention Study findings
esign size mean age
Aletaha et al., 2017 | RCT USA 878 55.4 years | Secukinumab vs. Comparing sirukumab to a control, the drug improved illness symptoms
control and signs.
Alten et al., 2011 RCT USA 274 58 years Canakinumab vs. Active RA patients' treatment responses are improved with canakinumab
control 150 mg SC every four weeks.
Fleischmann et al.,, | RCT USA 1399 55.1 years | Anakinra vs. control Anakinra is well tolerated in a wide range of RA patients, including those
2003 with comorbid illnesses and those taking several concurrent medications
in different combinations. Despite the fact that the anakinra group had a
significantly greater incidence of severe infections.
Fleischmann et al.,, | RCT USA 220 53.8 years | Certolizumab pegol The signs and symptoms of active RA were decreased, and it was done
2008 vs. control so safely, with certolizumab pegol monotherapy every four weeks.
Genovese et al., RCT USA 237 55.3 years | Secukinumab vs. In comparison to control, secukinumab 75 mg, 150 mg, and 300 mg
2013 control caused greater reductions in DAS28. No unexpected safety warnings or
organ-specific toxicity were issued.
Genovese et al., RCT USA 1004 51.3 years | Tabalumab vs. The RA disease activity cannot be considerably reduced by tabalumab
2015 control alone.
Lietal., 2015 RCT USA 264 47.2 years | Golimumab vs. RA signs and symptoms improved more with golimumab + methotrexate
control than with methotrexate alone. It was also quite safe.
Mease et al., 2018 | RCT USA 257 51.5years | CNTO6785, Human Patients with active RA who had a poor response to methotrexate were
Antiinterleukin 17 tolerated, however CNTO6785 had no clinical benefit.
Monoclonal Antibody
vs. control
van de Putte, 2003 | RCT USA 284 52.4 years | Adalimumab vs. A persistent response was provided by adalimumab, and it was safe.
control
Visvanathan etal., | RCT USA 67 54.3 years | Bl 655064, an Clinical and biological measures, including decreased production of

2019

antagonistic anti-
CD40 antibody vs.
control

autoantibodies, activated B-cells, and markers of inflammation and bone
resorption, as well as improved safety, were altered in RA patients treated
with Bl 655064.

This research failed to establish clinical effectiveness.
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4.3.3 Selected studies quality assessment

The studies that satisfied the requirements for inclusion underwent quality checks
to ascertain their quality. Each study's quality was evaluated using the EPHPP
(Effective Public Health Practice Project) quality appraisal instrument (Thomas et
al., 2023). To assess the effectiveness of public health interventions, particularly
those with various experimental designs, the EPHPP has been recommended
(Deeks et al., 2003). The EPHPP shows a higher inter-rater reliability when
compared to the Cochrane Collaboration Risk of Bias (Armijo-Olivo et al., 2010).
Six methodology study quality assessment criteria (Confounding variables,
participant blinding, data collecting techniques, selection bias, dropout and
withdrawal rates, etc.) were evaluated as weak, moderate, or strong to arrive at an
overall quality rating, also denoted as strong, moderate, or weak (Table 10). When
there were two or more weak ratings, a weak overall rating was given; when there
was just one weak rating, an overall rating of moderate was given and a strong
overall rating for no weak ratings. Two studies had weak overall rating, five studies

had a moderate rating and two studies had a strong overall rating score.
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Table 10: EPHPP quality assessment results.
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_g @ = *% £ =5 £ & | Overall Rating
Study n|loe| 08| 5| 02| 25 Score
Aletaha et al., 2017 S M | S W S S Moderate
Alten et al., 2011 S W | M W M W Weak
Fleischmann et al., 2003 S M | S W S M Moderate
Fleischmann et al., 2008 M S M W M S Moderate
Genovese et al., 2013 W M | S S M S Moderate
Genovese et al., 2015 S M | W W S M Weak
Lietal, 2015 S S S S S S Strong
Mease et al., 2018 M M | S W M S Moderate
van de Putte, 2003 M S S W M M Moderate
Visvanathan et al., 2019 M S M S S M Strong

Note: overall score was considered as strong where zero weak rating, moderate where one weak
rating, and weak where two or more weak ratings were recorded. S = strong (reported and clear), M
= moderate (reported but brief or not clear) and W = weak (not reported)

The funnel plot was asymmetric indicating possible risks of bias in the study due to

high variance in studies or effect size produced from the included studies. This can

also be due to smaller studies having sampling error in their effect estimates.

Therefore, both FE and RE model were used in this study analysis (Figure 14).
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Figure 14: Funnel plot for studies used for RA studies

Among these studies, eight agreed that biologics were effective and two studies
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(Visvanathan et al., 2019, Mease et al., 2018) reported no evidence of
effectiveness. All studies that met inclusion criteria were conducted in the USA.

In Fleischmann et al. (2003), during the initial 6-month, double-blind, control-
controlled phase of this long-term safety research, safety was assessed in 1,399
individuals (1,116 in the intervention group and 283 in the control group; 15
patients were randomised but received conventional non-biologics medications).
Both the intervention group and the control group experienced serious adverse
events at comparable rates (7.7% and 7.8%, respectively). In the intervention
group, serious infectious episodes were seen more frequently (2.1% versus 0.4%
in the control group) and the rate of withdrawal due to side effects (mild to severe)
was 13.4%, compared to 9.2% in the control group.

The second study, Li et al. (2015), at week 14, group 2 (intervention) had a
considerably larger American College of Rheumatologists 20 points scale (ACR20)
response score (40.9% [54/132]) than did group 1 (control — traditional non-
biologics therapy) (15.9% [21/132]; p = 0.001). Patients in group 2 responded to
treatment more frequently than those in group 1 at week 14 (65.2% vs. 30.3%, p =
0.001) or week 24 (42.4% vs. 15.9%, p = 0.001), and group 2 experienced a
substantially higher change in Health Assessment Questionnaire, Disability Index ()
at week 24 (0.26 vs. 0.15, p = 0.001). After week 24, group 1 patients were closer
to those in group 2 in terms of patients obtaining ACR20. 23.5% of patients in
group 1 and 26.7% of patients in group 2 had side effects (mild to severe) as of
week 16. Through week 56, 50.2% and 4.2% of patients receiving golimumab and
methotrexate reported one or more side effects (mild to severe), respectively.

Alten et al. (2011), the percentage of responders (n=274) patients based on the
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ACRS50 criteria (the primary endpoint, based on a 28-joint count) was significantly
higher with canakinumab than with control with evaluable efficacy data (26.5% vs.
11.4%, respectively; p = 0.028). This canakinumab dosage was also linked to
significantly better results for secondary endpoints compared to control at week 12.
Where, Aletaha et al. (2017), ACR20 response rates at week 16 were 117 (40%) of
292 patients receiving 50 mg sirukumab every 4 weeks and 132 (45%) of 292
patients receiving 100 mg sirukumab every 2 weeks compared to 71 (24%) of 294
patients receiving control; differences compared with control were 0.16 for 50 mg
sirukumab every 4 weeks and 0.21 for 100 sirukumab every two weeks (both p
<0.001).

Fleischmann et al. (2008), Certolizumab pegol 400 mg every four weeks had a
response rate of 45.5% at week 24, compared to 9.3% for a control (p <0.001). As
early as week 1 through week 24, differences between certolizumab pegol and
control in the ACR20 response were statistically significant (p <0.001).

Genovese et al., 2013, At week 16, secukinumab 25-300 mg was associated with
a 36.0-53.7% increase in ACR20 responders compared to control (34%).

A secondary goal, the disease activity score in 28 joints (DAS28)-C-reactive
protein (CRP), showed clinically significant reductions with secukinumab 75-300
mg compared to control. Genovese et al., 2015, Both serum immunoglobulins and
CD3-CD20 B cells in each tabalumab group significantly decreased as compared
to control (p < 0.05 and p < 0.001, respectively). Visvanathan et al. (2019), the
main outcome was not reached at week 12 68.2% of patients were given Bi
655064, and this goal was accomplished. Reaching an ACR20 against 45.5% with

control (p =0.064); Bayesian analysis is used to determine the posterior probability
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of 42.9% of people reported witnessing a difference of more than 35%. van de
Putte (2003), For all efficacy measurements, adalimumab dramatically reduced the
signs and symptoms of RA. Adalimumab responses to ACR20 were substantial at
each assessment compared to control (p < 0.01).

4.3.4 Meta-analysis of the measured outcomes

The right side of all forest plots refers to the study non-intervention group which
can be usual care of non-biologics, control or no treatment all of which are grouped
as control.

4.3.4.1 Death due to injectable biologics intervention vs. control

Death as an outcome was reported in three studies out of the pooled 10 studies. In
the FE model analysis (Figure 15), there was no statistically significant difference
between injectable biologics and the control (p = 0.21). Heterogeneity was low (p =

0.89, 12 = 0%) between the 10 pooled studies.

Injectable Biologics Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Aletahaetal, 2017 1] a4 0 294 Mot estimahble
Alten et al., 2011 1] 204 a T0 Mot estimable
Fleischmann etal,, 2003 1] 111 o 109 Mot estimable
Fleischmann et al., 2008 1] 1116 o 283 Mot estimahble
Genovese etal, 2013 1] 187 u] a0 Mot estimahble
Genovese etal, 2018 3 3r3 0 251 345% 4.75[0.24, 92.39) L)
Lietal, 2014 1 132 0 132 288% 3.02[012 74.88] Ll
Mease etal., 2018 1] 206 o 251 Mot estimahble
wan de Putte, 2003 1] 214 a 70 Mot estimahble
Yisvanathan etal, 2019 1 44 0 23 367%  1.62[0.08, 41.37] =
Total (95% CI) 3nn 1533 100.0% 3.10 [0.52, 18.54] —e——
Total events g a
Heterogeneity: Chi*=0.23, df= 2 (P =0.89); F= 0% I t 1 |
Test for overall effect Z=1 24 (P=0.21) D.mlnjedagl.; Biologics Control 10 100

Figure 15: Fixed model, mortality due to injectable biologics in RA patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: Mortality
of participants from injectable biologics or control.

There was no statistically significant difference between injectable biologics and
the control (p = 0.24) (Figure 16, RE). Heterogeneity was low (p = 0.89, 12=0%) in
the 10 pooled studies. In both cases (FE and RE) the diamond touched the line of
no effect, and the p value was statistically not significant (p = 0.21 and p = 0.24
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respectively). The OR is >1 (2.94 - 0.48, 17.96) indicating that the exposure to

injectable biologics was associated with higher odds of outcome (death).

Injectable Biologics Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Aletaha etal., 2017 u] 584 0 294 Mot estimable
Alten et al., 2011 u] 204 u] 0 Mot estimable
Fleischmann et al., 2003 ] 111 0o 109 Mot estimable
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Genovese etal, 2013 ] 187 ] a0 Mot estimable
Genovese etal, 20145 3 373 o 251 371% 4.75[0.24,92.349] L
Lietal, 2015 1 132 o 132 31.7% 3.02[012 7488 =
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wah de Putte, 2003 u] 214 u] 0 Mot estimable
Wiswanathan etal, 2019 1 44 1] 23 A% 1.62 [0.06, 41.37] =
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Heterogeneaity: Tau‘:. 0.00; Chif=023,df=2{P=089,F=0% 'D.D'I D!1 1'D 1DD'
Testfor overall effect Z=117 (F=0.24) Injectable Biologics Control

Figure 16: Random model, mortality due to injectable biologics in RA patients
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: Mortality
of participants from injectable biologics or control.

4.3.4.2 Severe side effects due to injectable biologics intervention vs. control
The meta-analysis of severe adverse events from the treatments measured in 10
studies (Figure 17, FE) demonstrated no statistically significant difference between
injectable biologics and a control groups severe side effect (p = 0.48).

Heterogeneity was moderate between the pooled studies (p = 0.03, 12 = 51%).

Injectable Biologics Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Genovese et al, 2015 22 753 7281 151% 1.05[0.44, 2.48] -t
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wan de Putte, 2003 16 214 7 7O 145% 0.73[0.29,1.89] T
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Figure 17: Fixed model, severe side effects due to injectable biologics in RA patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: Severe
side effects as result of injectable biologics or control.

The forest plot of RE model (Figure 18) demonstrated no statistical significance

difference between injectable biologics and the control group severe side effects (p
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= 0.98), and the pooled studies had moderate heterogeneity (p = 0.030, 12 = 51%).

The OR is just >1 (1.01 - 0.58, 1.74) indicating that the exposure to injectable

biologics does not affect the odds of outcome (severe side effects).

Injectable Biologics Control Odds Ratio Odds Ratio
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Figure 18: Random model, severe side effects due to injectable biologics in RA patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: Severe
side effects as result of injectable biologics or control.

4.3.4.3 Mild-moderate side effects due to injectable biologics intervention vs.

control

The FE model analysis (Figure 19) shows no statistically significant difference

between injectable biologics and a control group (p = 0.84) in the pooled studies.

Studies had considerable Heterogeneity (p < 0.001, 12 = 94%).
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Figure 19: Fixed model, mild-moderate side effects as result of injectable biologics in RA patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: mild-
moderate side effects as result of injectable biologics or control.

The RE model analysis (Figure 20) demonstrated that no statistically significant
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difference between injectable biologics and the control group (p = 0.48), and the
heterogeneity between the 10 trials remained considerable (p < 0.00001, 12 = 94%).

The OR is >1 (1.25 - 0.67, 2.32) indicating that the exposure to injectable biologics

was associated with higher odds of outcome (mild-moderate side effects).
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Figure 20: Random model, mild-moderate side effects as result of injectable biologics in RA patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: mild-
moderate side effects as result of injectable biologics or control.

4.3.4.4 Clinical remission failure as a result of injectable biologics vs. control

Figure 21 shows the 10 pooled studies analysis. Heterogeneity between studies

was substantial (p < 0.001, 12 = 87%). There was statistically significant difference

between injectable biologics and control group in clinical remission (p = 0. 002).
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Figure 21: Fixed model, clinical remission rate due to injectable biologics in RA patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: Clinical
remission as result of injectable biologics or control.

The RE model (Figure 22) shows statistically significant difference between

injectable biologics and the control group (p < 0.001). Included studies maintained
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the same substantial heterogeneity (p < 0.001, 12 =87%). The OR is <1 (0.40 -

0.34, 0.47) indicating that the exposure to injectable biologics was associated with

lower odds of outcome (clinical remission failure).

Injectable Biologics Control Odds Ratio (Non-event) Odds Ratio (Non-event)
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Aletaha etal, 2017 250 584 T 294 221% 0.47 [0.34, 0.63] -
Alten et al, 2011 92 204 20 T B.0% 0.49 [0.27, 0.88]
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Figure 22: Random model, clinical remission due to injectable biologics in RA patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: Clinical
remission as result of injectable biologics or control.

4.3.5 Risk of bias

According to the Cochrane risk of bias tool, most of included studies showed a low
risk of bias regarding random allocation sequence, allocation concealment,
incomplete data and selective reporting. However, six studies showed a high risk of
performance bias. The risk of bias graph and risk of bias summary of the studies is

shown in the Figures 23 and 24 below.

Random sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and personnel (peformance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reparting hias)

Other bias
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Figure 23: Risk of bias summary for RA studies

All eligible studies achieved greater than 50% score of low RoB which is indicative

of their high quality and similarity, making them suitable for inclusion in the meta-

111



analysis. The risk of bias informs interpretation of the heterogeneity assessment in
the meta-analysis but does not indicate that the study should be excluded to

prevent the systematic review findings bias.

Aletaha etal, 2017
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Figure 24: Risk of bias traffic light for RA studies

4.3.6 Number needed to treat (NNT) or harm (NNH) calculation

4.3.5.1 NNH for death as an outcome

Intervention: 5/3171 = 0.16

Control: 0/1533 =0

ARR=0.16-0=0.16

NNH = 1/0.16 = 625

This means that for every 625 patients treated with the intervention, one additional

patient would be harmed (death) as compared to the control group. This indicate
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that possible harm caused by the use of biologics exists, but it does not negate
their use when required.

4.3.6.2 NNH for severe side effects as an outcome

Intervention: 133/3551 = 0.037

Control: 50/1333 = 0.038

ARR = 0.037 - 0.038 = -0.001

To calculate the NNH the absolute value of the ARR which is negative (-0.1)
should be inverted. The inverted value of the ARR would be 1/0.001 = 1000 and
the NNH is 1000. Therefore, every 1000 patients treated with the intervention, one
additional patient would be harmed (experience severe side effects) as compared
to the control group. This indicate that possible harm caused by the use of
biologics exists, but it does not negate their use when required.

4.3.6.2 NNH for mild-moderate side effects as an outcome

Intervention: 1557/3551 = 0.44

Control: 629/1313 = 0.48

ARR =0.44 -0.48 =-0.04

To calculate the NNH the absolute value of the ARR which is negative (-0.04)
should be inverted. The inverted value of the ARR would be 1/0.04 = 25 and the
NNH is 25. Therefore, every 25 patients treated with the intervention, one
additional patient would be harmed (experience mild-moderate side effects) as
compared to the control group. This indicate that possible harm caused by the use
of biologics exists, but it does not negate their use when required.

4.3.6.3 NNT for clinical remission failure as an outcome

Intervention: 1058/2435 = 0.43
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Control: 557/1050 = 0.53

ARR =0.43-0.53=-0.1

NNT = 1/0.1 = 10 patients

Therefore for every 10 patients received the intervention one additional patient will
experience clinical remission failure compared to control group.

4.4 Review discussion

In the selected studies, individuals with RA were treated with injectable biologics
compared to patients in the control group (conventional medicine, placebo or no
therapy at all). This systematic review evaluated biologics effectiveness and side
effects profile between the intervention and control groups (Li et al., 2016; Alten et
al., 2011, Fleischmann et al., 2003, 2008; Genovese et al., 2013, 2015; Aletaha et
al., 2017; Mease et al., 2018; Visvanathan et al., 2019; van de Putte, 2003).

Side effects (mild-moderate to severe and death) is an issue that patients and
medical professionals are concerned about while treating these RA patients (Gavin
et al., 2018). The side effects, mild-moderate, severe side effects and death, due to
the administration of biologics intervention group were compared to that in the
control group patients and were not statistically significant (p = 0.24, p=0.98, p =
0.48 respectively). In this systematic review injectable biologics were successful in
reducing symptoms (clinical remission) of RA (p <0.001). These findings are
consistent with the study conducted by Singh et al. (2016). The authors
investigated the benefits and harms of biologics monotherapy (includes
adalimumab, certolizumab pegol, etanercept, golimumab, infliximab, abatacept,
anakinra, rituximab, tocilizumab, tofacitinib) vs. control (placebo or methotrexate or

other non-biologics diseases modifying anti-rheumatic drug), in adults with RA (n =
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14,049 patients). The measured outcome was an improvement on the ACR50
scale that indicate disease clinical remission (p <0.05). Emery et al. (2018) also
studied the efficacy of monotherapy with biologics and concluded that there is a
superiority of the use of biologics in the treatment of RA but they noted that there is
evidence that the combination biologics with DMARDs gives better outcome at the
three years follow-up (p <0.001). The authors noted that 79 people out of 1000
who took biologics monotherapy had severe side effects compared to 49 people
out of 1000 controls. This is broadly in line with the outcome of our study which
shows more severe adverse effects with the injectable biologics group than in the
control group, without statistical significance (p = 0.37).

In addition, the study's large sample size is regarded as one of its key strengths.
However multiple types of injectable biologics incorporated is a limitation important
to report. Several studies were not possible to include in this analysis due to great
disparity of methodology, measured outcomes and the way the results were
presented. No study included confounding variables such as participant medical
history variability or individual socioeconomic status and other demographics. It will
be beneficial to take this into account for future studies.

4.5 Review conclusion

Compared to control, there were statistically significant differences identified
between the treatment and control arms in terms of clinical remission confirming
the benefit of injectable biologics use in the management of RA patients. However,
future studies should include a breakdown of side effects and aspects of what

constitutes clinical remission for more definitive findings.
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Chapter V: Efficacy and Tolerance of Biologics in the
Treatment of Psoriasis: A Systematic Review and Meta-
Analysis

5.1 Background

People of all ages and from all nations are affected by psoriasis. Psoriasis is a
severe global concern since the reported prevalence in adults’ ranges from 0.5% to
11.4% and 0 to 1.4% in children (Chase et al., 2019). It is clear that the disease is
more common in elders than children. Although psoriasis is a complex condition
that affects both sexes equally, a recent study revealed that men typically
experience more severe manifestations than do women (Boehncke and Schon,
2015).

Everyday living exposes the body to a wide range of exogenous allergens and
antigens. The majority of these antigenic challenges are sub-immunogenic and are
therefore efficiently regulated by the immune system's specified immunological
tolerance and negative regulatory mechanisms (Akdis and Akdis, 2009). To avoid
catastrophic immune responses, the human immune system is normally able to
discriminate self-antigens from foreign ones. Unwanted excessive immune
responses result in a variety of allergy, autoimmune, and immunological-mediated
inflammatory ilinesses (Doria et al., 2012). Skin is a specialized integumentary
organ with a cornified outer layer; the stratum corneum that primarily offers
physical protection against various external stimuli (Kubo et al., 2012). The skin
contains a large number of immune cells, the majority of which are T cells, innate
lymphocytes (NK cells, NKT cells, and innate lymphoid cells), mast cells, and

antigen-presenting cells, implying that skin serves as the body's primary
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immunological sentinel (Nestle et al., 2009). Nevertheless, hyperactive immune
responses caused by a complex combination of genetic and epigenetic factors can
lead to persistent inflammatory skin illnesses such atopic dermatitis and psoriasis.
The chronic condition psoriasis is a common skin disorder in which the life cycle of
skin cells is accelerated, and cells accumulate fast on the skin's surface (Chase et
al., 2019). The origin of psoriasis, a chronic inflammatory skin condition
characterized by keratinocyte proliferation, immunological disruptions, and
complicated inheritance, is unclear (Molés et al., 2005). Human endogenous
retroviruses (HERVS) are naturally occurring components of the human genome,
and it has been suggested that they have a role in the development of complex
genetically characterised human disorders (Moles et al., 2005). HERVs may have
a role in the development of psoriasis, according to a long-standing theory, but no
research has yet examined HERV expression in psoriasis (Moles et al., 2005).
There are five different types of psoriasis that have been identified: plaque
psoriasis, also known as psoriasis vulgaris; guttate (droplet) or eruptive psoriasis,
which is characterized by scaly teardrop-shaped lesions; inverse psoriasis, also
known as intertriginous or flexural psoriasis, which is typically found in skin folds,
pustular psoriasis, which can be palmoplantar pustulosis (pustular psoriasis of the
palms and soles) or generalized pustular psoriasis (a rare and serious form of
psoriasis); and erythrodermic psoriasis, a rare but serious psoriasis complication
(Boehncke and Schon, 2015).

Psoriasis patients typically have an increased risk of developing comorbidities
(Christophers, 2007) such as severe physical, mental, and social effects. Patients

have reported that as a result of having psoriasis, they experienced a range of
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psychological effects, including low self-esteem, sexual dysfunction, despair, and
suicidal thoughts (Ramsay and O’Reagan, 1988). Psoriasis incidence is increasing.
To treat psoriasis in general, and moderate to severe psoriasis in particular, it is
necessary to develop medicines that are more effective and have fewer adverse
effects (Icen et al., 2009). In the past, mild illness was typically treated with topical
medicines such glucocorticoids, vitamin D derivatives, or combinations of both
(Boehncke and Schon, 2015). For difficult-to-treat regions, such as the face or
intertriginous areas, topical calcineurin inhibitors (tacrolimus and pimecrolimus)
may be employed. However, a number of biologics have been created and
approved for the treatment of psoriasis over the past ten years. Adalimumab,
infliximab, and other biologics have been approved for the treatment of psoriasis
(Boehncke and Schon, 2015). Many other diseases, including cancer, psoriasis,
inflammatory bowel disease, UC and CD may be treated with biologics
(Schellekens, 2008). Although new biologics have recently been developed, no
meta-analysis of the efficacy of various types of biologics on psoriasis has been
established. As a result, this project sought to evaluate the efficacy and safety of
injectable biologics in psoriasis patients.

5.2 Methods and materials

In this thesis, the term psoriasis refers to “Chronic plaque psoriasis is the most
common presentation of psoriasis, which is . It presents as small to large, well-
demarcated, red, scaly and thickened areas of skin. It most likely to affect elbows,
knees, and lower back but may arise on any part of the body” (Dermnetnz.org,
2023). The term PASI 90 was also used, Psoriasis Area and Severity Index (PASI)

is used in dermatology to measure the percentage of improvement in psoriasis
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symptoms after treatment. An >90% improvement from baseline on the PASI score
is considered as treatment success by the European Medicines Agency (Puig,
2015). This systematic review was conducted according to the Cochrane handbook
for systematic reviews of interventions (Higgins et al., 2008) and reported using
the PRISMA statement (Moher et al., 2009).

5.2.1 Search strategy

The literature search was carried out on PubMed, Web of Science, MEDLINE and
EMBASE, and databases for studies that had been published from January 2000
to September 2022. The recommendations list, similar studies, and list of
references were also considered. The following keywords were employed in
creating search strings that were used for literature search in the online databases.
(“Self-management” OR “homecare” OR “self-care” OR “self-administered” OR
“self-inject”) and (“injectable biologics” OR “outpatient injectable biologics therapy”
OR “biologics”) and (“psoriasis” OR “skin autoimmune disorders”).

5.2.2 Eligibility criteria and study selection

In the research, all articles pertinent to the efficacy and side effects profile of
injectable biologics used in the treatment of psoriasis patients were taken into
account. After choosing the publications, their titles and abstracts were scanned by
two researchers to see how pertinent they were to the study question, followed by
the full articles’ quality assessment against selection criteria. During the article
selection and data extraction phase, any differences amongst the researchers

regarding the articles, were settled.
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5.2.2.1 PICOS

P: Patients diagnosed with psoriasis.

I: Any injectable biologics used for the treatment of psoriasis.

C: Comparing biologics to control.

O: Death due to injectable biologics, severe side effects of injectable biologics,
mild-moderate side effects of injectable biologics, and clinical remission due to the
use of injectable biologics.

S: Inpatient, outpatient or homecare.

5.2.2.2 Inclusion criteria

In order to determine whether they satisfied the predetermined eligibility
requirements, they were also evaluated. The criteria for included articles in the
selection process were:

1. The entire article is published in English language not just the abstract.

2. Participants in the study had psoriasis diagnoses.

3. Human studies, RCTs, cohort, case-control studies.

4. Published in a publication that has undergone peer review from 2000 to 2022.

5.2.2.3 Exclusion criteria

Some research articles were excluded from the research such as:

1. Case studies, review papers, opinion papers, systematics reviews or study
protocol. Also, articles published in encyclopaedias and wikis.

2. Study outlining injectable biologics without comparing it with control.

3. Duplicates, abstract only, not peer reviewed or published.
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5.2.3 Data extraction

The data extracted included, study design, study region, intervention, sample size,
age of patients, trial duration and the findings from the study. The number of
patients was determined as those who had attended at least one follow up for
assessment of injectable biologic treatment. When follow up data were not
available, the number of patients at the time of registration was assumed to be
similar as those at the completion of the study.

5.2.4 Data analysis

In this systematic review, baseline data and outcomes from included studies were
extracted and presented them as tables. Missing mean and standard deviation
(SD) was calculated from median, standard error or 95% confidence interval (Cl)
(Altman and Bland 2005). Meta-analysis for death, serious side effects of injectable
biologics, side effects of injectable biologics, and clinical remission of participants
was done using Review Manager 5.4.1. A descriptive analysis of the collected data
was also completed.

5.3 Results

5.3.1 Literature search

The electronic search in the databases yielded 1875 studies, and an extra 31
studies were manually identified from lists of references of eligible studies. Some
978 studies were removed due to duplication. After screening the studies’ titles and
abstracts, 835 studies were discarded as they didn’t report on the efficacy and
safety of injectable biologics in treatment of psoriasis.

The remaining 93 studies were fully read, and only 9 qualified for inclusion as they

had information on symptoms and health of the psoriasis patients after treatment
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with injectable biologics. This process of selection of studies is presented in Figure
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Figure 25: PRISMA flow diagram for psoriasis studies.

5.3.2 Characteristics of the included studies

A total of 7190 individuals with psoriasis were included in this systematic review
and meta-analysis. The population mean age varied between studies and ranged
between 43 and 46.5 years. Only one study was conducted in the UK. Synopsis of

the studies that included people with psoriasis are shown in Table 11.
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Table 11: Characteristics of Included Studies direct quotes

Citations Study Study region Sample | Mean age | Intervention Findings from the study
design size at baseline
Deodhar etal. | RCT Spain, the USA, 149 46.5 years | Guselkumab | Guselkumab considerably reduced the signs and symptoms of
(2018) Canada, vs. placebo active psoriatic arthritis and was well tolerated.
Poland, Russia
Gordon et al. RCT Asia, North 435 46.5 years | bimekizumab | With both maintenance dose regimes, bimekizumab demonstrated
(2021) America, vs. placebo significant levels of response that lasted for 56 weeks (every 4
Europe, weeks and every 8 weeks).
Australia
Griffiths et al. RCT NA 2570 46 years ixekizumab Over the course of 12 weeks, both ixekizumab dosing regimens
(2015) or etanercept | outperformed a placebo and etanercept in two separate
vs. placebo investigations. These experiments demonstrate the possibility for a
novel and efficient biological therapy for psoriasis patients by
specifically neutralizing interleukin 17A using a high affinity
antibody.
Langley et al. RCT NA 2044 45 years Secukinuma | In two randomized trials, secukinumab proved beneficial for treating
(2014) b vs. placebo | psoriasis
Lebwohletal. | RCT USA 389 46 years Certolizumab | certolizumab showed a significant improvement in psoriasis
(2018) vs. placebo symptoms. There were no more warning signs.
Mease et al. RCT NA 313 46 years Adalimumab | Adalimumab therapy significantly reduced disability and quality of
(2005) vs. placebo life metrics as compared to placebo. Adalimumab was usually well-
tolerated and safe.
Papp et al. RCT USA 313 46 years Sonelokimab | Sonelokimab therapy shown a considerable therapeutic advantage
(2021) vs. placebo over placebo, with a quick onset of action, long-lasting benefits, and
a tolerable safety profile.
Reich et al. RCT USA, the UK, 772 46 years Tildrakizuma | Tildrakizumab was effective compared to placebo and etanercept in
(2017) Canada, and b two phase 3 trials, and they were well tolerated when used to treat
Japan. vs. placebo patients with moderate-to-severe chronic plaque psoriasis.
Reich et al. RCT NA 205 43 years Mirikizumab Patients receiving mirikizumab experienced two (1%) major adverse
(2019) vs. placebo events compared to one (2%) in the placebo group.
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5.3.2 Selected studies quality assessment

The studies that met the criteria for inclusion were tested to determine their quality.
The EPHPP quality assessment tool was used to assess the quality of each study
(Thomas et al., 2003). The EPHPP has been endorsed to evaluate quality of public
health interventions, especially for those that have different experimental designs
(Jackson and Waters, 2005; Deeks et al., 2003). The EPHPP has also been
thought to have a better inter-rater reliability compared with the Cochrane
Collaboration Risk of Bias (Armijo-Olivo et al., 2010). Six assessment criteria of the
methodology study quality (selection bias, confounders, study design, blinding of
participants, methods of data collection, and withdrawal and dropouts) were scored
as either weak, moderate, or strong to reach an overall quality rating, also implied
as strong, moderate, or weak (Table 12). An overall score of weak was assigned
when there were two or more weak ratings, moderate for a single weak rating and
strong for absence weak ratings. Two studies had weak overall rating, two studies
had a moderate rating, and five studies had a strong rating score.

Table 12: EPHPP quality assessment scores for the included studies.
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Citation 3 &3 3 z | 8Ss| =5/ score
Deodhar et al. (2018) w S S M M S Moderate
Gordon et al. (2021) M W w W M S Weak
Griffiths et al. (2015) M S S S S S Strong
Langley et al. (2014) S S M S S S Strong
Lebwohl et al. (2018) S S S S S S Strong
Mease et al. (2005) S M S M S S Strong
Papp et al. (2021) M S S w S M Moderate
Reich et al. (2017) S S w S w W Weak
Reich et al. (2019) S S S S S S Strong

Note: overall score was considered as strong where zero weak rating, moderate where one weak
rating, and weak where two or more weak ratings were recorded. S = strong (reported and clear), M
= moderate (reported but brief or not clear) and W = weak (not reported)
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The funnel plot was asymmetric indicating possible risks of bias in the study due to
high variance in studies or effect size produced from the included studies. This can
also be due to smaller studies having sampling error in their effect estimates.

Therefore, both FE and RE model were used in this study analysis (Figure 26).
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Figure 26: Funnel plot for psoriasis studies

The narrative analysis includes nine studies that looked at the effectiveness and
safety of injectable biologics in the treatment of psoriasis. Among these studies, 4
were conducted in the USA, all of them positive impact of injectable biologics on
treating psoriasis.

Papp et al. (2021), the secukinumab 300 mg group (n=53), the sonelokimab 30 mg
group (n=52), the sonelokimab 60 mg group (n=52), the sonelokimab 120 mg
normal load group (n=53), the sonelokimab 120 mg augmented load group (n=51),
or any combination of these. In all these groups there was statistical significance (p
< 0.001). Sonelokimab treatment demonstrated a significant clinical advantage

over placebo at doses of 120 mg or less. Lebwohl et al. (2018), demonstrating
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efficacy of biologics over placebo over a period of 12 weeks to 16 weeks meeting
end point of study (p < 0.001). The largest response was reported with 400 mg of
certolizumab, and all endpoints were considerably higher for it compared to
placebo. Etanercept was not inferior to 400 mg of certolizumab, but it was superior
to 200 mg. Deodhar et al. (2018), reported positive association (p < 0.001). A study
was conducted in North America by Gordon et al. (2021), with endpoints recovery
achieved at week 16, in 317 patients (91%) of 349 receiving bimekizumab,
compared to one patient (1%) of 86 receiving placebo (p <0.001). Four studies met
the inclusion criteria but didn’t specify the country where they were conducted.
Griffiths et al. (2015), Over the course of 12 weeks, both ixekizumab dosing
regimens outperformed a placebo and etanercept in two separate investigations.
Reich et al. (2019), with PASI 90 response rates at week 16 of all mirikizumab
dose groups against placebo, the primary end objective was fulfilled (0%, 29% [p =
0-009], 59% [p < 0-001] and 67% [p < 0-001] for patients receiving placebo, and
mirikizumab 30 mg, 100 mg and 300 mg, respectively).

Mease et al. (2005), reported that adalimumab was usually well-tolerated and safe.
Langley et al. (2014), the clinical remission rates were 62.5% for secukinumab 300
mg, 51.1% for 150 mg, 27.2% for etanercept, and 2.8% for placebo (p <0.001 for
each secukinumab dose vs. comparators). In two randomized studies (Langley et
al., 2014; Mease et al., 2005), secukinumab proved successful in treating
psoriasis, establishing that interleukin-17A as a potential therapeutic target to

improve clinical remission.
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5.3.4 Meta-analysis of the measured outcomes

5.3.4.1 Death due to injectable intervention or placebo among participants
There was no death reported in 8 of the 9 used studies, only report was by Reich
et al. (2017) for patients received tildrakizumab 100 mg; the patient had alcoholic
cardiomyopathy and steatohepatitis, and adjudication was unable to determine the
cause of death. As such not statistical analysis was possible to be performed.
5.3.4.2 Severe side effects due to injectable biologics intervention vs. control
The pooled effect estimates of 9 studies showed substantial heterogeneity (p =
0.007, 12 =69%). There was a statistically significant difference between the
injectable biologics’ intervention group and the control group (p = 0.01) which
favoured the control group with having less severe side effects than the injectable

biologics intervention group (Figure 27, FE).
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Figure 27: Fixed model, severe side effect due to injectable biologics in psoriasis patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: severe
side effect due to injectable intervention or placebo.

Forest plot of RE model (Figure 28) demonstrated statistical significance difference
between injectable biologics and the control group severe side effects (p = 0.02),
and the pooled studies had substantial heterogeneity (p = 0.007, 12 = 69%)).

The OR is <1 (0.37 - 0.15, 0.88) indicating that the exposure to injectable biologics
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was associated with lower odds of outcome (severe side effects).

Injectable Biologics Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Woeight M-H, Random, 95% CI M-H, Random, 95% ClI
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Figure 28: Random model, severe side effect due to injectable biologics in psoriasis patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: severe
side effect due to injectable intervention or placebo.

5.3.4.3 Mild-moderate side effects due to injectable biologics intervention vs.

control

The pooled effect estimates of 9 studies showed substantial heterogeneity (p
<0.001, 12 = 87%). There was a statistically significant difference between the
injectable biologics’ intervention group and the control group (p = 0.0008) which
favoured the control group with having less mild-moderate side effects than the

injectable biologics intervention group (Figure 29, FE).

Injectable Biologics Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Deadharetal 2018 a2 100 26 49 11.4% 0.96 [0.48, 1.90] I
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Figure 29: Fixed model, mild-moderate side effects due to injectable biologics in psoriasis patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: mild-

moderate side effect due to injectable intervention or placebo.

Forest plot of RE model (Figure 30) demonstrated no statistical significance

difference between injectable biologics and the control group mild-moderate side
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effects (p = 0.17), and the pooled studies had substantial heterogeneity (p < 0.001,
I2=87%). The OR is <1 (0.58 - 0.27, 1.28) indicating that the exposure to
injectable biologics was associated with lower odds of outcome (mild-moderate

side effects).

Injectable Biologics Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Deodhar etal 2018 52 100 26 49 15.8% 0.96 [0.48,1.90] —
Gordon etal 2021 133 261 22 52 16.3% 1.42[0.78, 2.59] T
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Figure 30: Random model, side effects due to injectable biologics in psoriasis patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: Common
side effect due to injectable intervention or placebo

5.3.4.4 Clinical remission failure as a result of injectable biologics vs. control
Clinical remission was measured by the PASI percentage demonstrated by
participants. The pooled effect estimate of 9 studies showed considerable
heterogeneity (p < 0.001, 12 = 97%). There was a statistically significant difference
between the injectable biologics’ intervention group and the control group (p <

0.001) which favoured the intervention group (Figure 31, FE).

Injectable Biologics Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Figure 31: Fixed model, clinical remission rate due to injectable biologics in psoriasis patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: Clinical
remission as result of injectable biologics or control.
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The RE model (Figure 32) shows statistically significant difference between
injectable biologics and the control group (p = 0.01). Included studies maintained
the same considerable heterogeneity (p < 0.001, 12=97%). The OR is <1 (0.25 -
0.08, 0.73) indicating that the exposure to injectable biologics was associated with

lower odds of outcome (clinical remission failure).

Injectable Biologics Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Deodharetal 2018 12 100 23 49 108% 0148007, 0.35] —————
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Figure 32: Random model, clinical remission rate due to injectable biologics in psoriasis patients.
Intervention: Injectable biologics, Control: conventional therapy or placebo or no treatment, Event: Clinical
remission as result of injectable biologics or control.

5.3.5 Risk of bias

According to the Cochrane risk of bias tool, most of included studies showed a low
risk of bias regarding random allocation sequence, allocation concealment, blinding
of participants, personnel and outcomes, incomplete data. The risk of bias graph

(Figure 33) and risk of bias summary of the studies (Figure 34).

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of paricipants and personnel (performance hias)
Blinding of outcome assessment (detection kias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting hias)

Other bias

1 1
0% 25% 50% 7%  100%

B Lo risk of bias [] unclear risk of bias Bl Hiah risk of bias

Figure 33: Risk of bias summary for psoriasis studies
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All eligible studies achieved greater than 50% score of low RoB which is indicative
of their high quality and similarity, making them suitable for inclusion in the meta-
analysis. The risk of bias informs interpretation of the heterogeneity assessment in
the meta-analysis but does not indicate that the study should be excluded to

prevent the systematic review findings bias.
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Gordon et al 2021

Griffiths etal 20145
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Figure 34: Risk of bias traffic light for psoriasis studies

5.3.6 Number needed to treat (NNT) or harm (NNH) calculation

5.3.6.1 NNH for death as an outcome

Only one study of the pooled 9 studies reported on death as an outcome, however
they were not able to relate the cause to the intervention, as such NNH was not
possible to calculate for this outcome.

5.3.6.2 NNH for severe side effects as an outcome
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Intervention: 57/4170 = 0.014

Control: 47/3020 = 0.016

ARR =0.014 - 0.016 =-0.002

To calculate the NNH the absolute value of the ARR which is negative (-0.002)
should be inverted. The inverted value of the ARR would be 1/0.002 = 500 and the
NNH is 500. Therefore, every 500 patients treated with the intervention, one
additional patient would be harmed (experience severe side effects) as compared
to the control group. This indicate that possible harm caused by the use of
biologics exists, but it does not negate their use when required.

5.3.6.3 NNH for mild-moderate side effects as an outcome

Intervention: 406/4170 = 0.097

Control: 142/3020 = 0.047

ARR =0.097 - 0.047 = 0.05

NNH would be 1/0.05 = 20. Therefore, every 20 patients treated with the
intervention, one additional patient would be harmed (experience mild-moderate
side effects) as compared to the control group. This indicate that possible harm
caused by the use of biologics exists, but it does not negate their use when
required.

5.3.6.4 NNT for clinical remission failure as an outcome

Intervention: 2083/3020 = 0.69

Control: 1588/4170 = 0.38

ARR =0.69-0.38 =-0.31

NNT =1/0.31=3.25

Therefore for every 3-4 patients received the intervention one additional patient will
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experience clinical remission failure compared to control group.

5.4 Review discussion

People diagnosed with psoriasis usually experience lower quality of life than those
who are not (Wan et al., 2020). This made undertaking this systematic review on
the efficacy of injectable biologics and their potential to improve this group of
patients relevant. This was a systematic review and meta-analysis of injectable
biologics in patients with psoriasis. Variable injectable biologics (bimekizumab,
tildrakizumab, secukinumab, adalimumab, certolizumab, sonelokimab, ixekizumab,
risankizumab, guselkumab, and mirikizumab) were used in management psoriasis.
The study compared the efficacy and side effects profile of these different
injectable biologics (intervention group) with control group (conventional therapy,
placebo or no pharmacological intervention at all). For side effects profile of the
injectable biologics, one death was reported in intervention group from one of the
included studies (Reich et al., 2017), however, the authors were unable to
determine the cause of death. For severe side effects the number of events in the
intervention group were greater than the control group and the difference was
statistically significant (p = 0.02). In the mild-moderate side effects while the
number of events in the intervention group were greater than the control group, the
difference was not statistically significant (p = 0.17). Injectable biologics were found
to be effective measured by clinical remission on the PASI (p = 0.01). This finding
was confirmed by the finding from Kamata and Tada (2020). The authors showed
the patients receiving injectable biologics achieved 70%—-80% reduction in the
PASI score at 16 weeks after initiating and 80%—90% at 52 weeks. After one-year

of injectable biologics therapy, non-calcified plague burden decreased by 5% (p =
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0.06) in patients treated with TNF-a inhibitors, by 2% (p = 0.36) in patients treated
with anti- 1L12/23 antibody, and by 12% (p < 0.001) in patients treated with IL-17
inhibitors, confirming the efficacy findings of this systematic review. Cui et al.
(2018) conducted a systematic review and meta-analysis of RCTs on the efficacy
and safety of biologics targeting IL-17 and IL-23 in the treatment of moderate-to-
severe plaque psoriasis. The results showed that ixekizumab had the greatest
probability of achieving both PASI75 (p <0.001) clinical remission and PASI 90
response (p <0.001) at the primary endpoint times, followed by ustekinumab and
secukinumab. This is broadly inline with the findings of this systematic review. The
authors noted that biologics had higher risk for one or more side effects (p <0.001)
than placebo. These results align with the outcome of this study.

Twenty-five randomized clinical trials were included in the systematic review and
meta-analysis (Nast et al., 2015). Results were pooled based on the PASI
improvement scores above 75% from baseline after injectable biologics use
(infliximab, secukinumab, ustekinumab, adalimumab, etanercept and apremilast).
The authors concluded that clinical remission with biologics in long-term therapy
was superior compared with placebo (p < 0.001). This result aligns with the
findings from this study.

There were several limitations in this study, in several circumstances, the studies
did not provide sufficient data which can be used in statistical analysis which
limited the meta-analysis to those with sufficient numerical data.

A language limitation was also part of the constraints since all studies had to be
written in English, which led to the exclusion of several possible good research

where the publisher or authors could not provide an English version of the full
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article.

5.5 Review conclusion

In conclusion, different types of biologics were effective for achieving clinical
remission in patients diagnosed with psoriasis. Side effects were higher in the
intervention group, but only severe side effects were statistically significant. This
study findings suggests that the usage of injectable biologics in the treatment of

patients improved patients’ treatment outcomes and it was tolerated.
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Chapter VI: Comparison between Injectable Biologics Use
at Home vs. Hospital Settings: A Systematic Review and
Meta-Analysis

6.1 background

There are many treatments options available with different routes of administration
for chronic immune system disorders. The objective of this systematic review was
to inform the global discussions about patient preference and choice of therapy of
IV in hospital setting by healthcare professionals (inpatient or outpatient) or SC
self-administration at home. Biologics are considered one of the new drugs
manufactured from a biological source, such as cells, whole blood, or recombinant
proteins (Giezen et al., 2008). These drugs have been used widely, with more than
35% of recently approved drugs being biologics (DiMasi et al., 2010). Biologics are
used for many chronic immune disorder diseases such as ankylosing spondylitis,
axial spondylarthritis, cancer, multiple sclerosis, psoriasis, psoriatic arthritis; RA
and IBD (Schellekens, 2008; Sandborn et al., 2013; Nielsen and Ainsworth, 2013).
Biologics have individualised responses with different levels of effect and side
effects (Panaccione et al., 2014). Few studies assessed different types of
injectable biologics compared to placebo or other drugs. Therefore, this systematic
review is expected to add to the current knowledge to improve clinicians'
understanding of patient preference the SC or IV injectable biologics agents.
Although hospitals are the standard of care for almost all ilinesses, inpatient care is
costly (CDC, 2019) and might be harmful environment for the elderly (Hung et al.,
2013). Access to inpatient care is frequently delayed, hospital wards are often full,

and average emergency department (ED) wait times can exceed 6 hours (Shihana
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et al., 2010) as such many patients prefer to be treated at home rather than in
hospital.

6.2 Methods and materials

This systematic review was conducted according to the Cochrane handbook for
systematic reviews of interventions (Higgins et al., 2008) and reported using the
preferred reporting items for systematic review and meta-analysis (PRISMA
statement) (Page et al., 2021). This systematic review included people diagnosed
with autoimmune disease whose is been managed using injectable biologics.
6.2.1 Search strategy

Searched databases were PubMed, SCOPUS, Web of Science, and Cochrane
databases by using the keywords ( “autoimmune disorder” OR “self-management”
OR “home care” OR “homecare” OR “self-care” OR “self-administered” OR “self
inject”) and (“injectable biologics” OR “outpatient injectable biologics therapy” OR
“pbiologics”) and (“inflammatory bowel disease” OR “Crohn's” OR “ulcerative colitis”
OR “IBD” OR “UC” OR “autoimmune disease”) for all studies from 2000 till 2021 on
31st of April 2022.

6.2.2 Eligibility criteria and study selection

6.2.2.1 PICOS

The current analysis research question was set up using the PICO approach.

P: Patients administered by injectable biologic.

I: SC Injectable Biologics at Home/Self-injectable.

C: IV Injectable Biologics in Hospital.

O: Patient Preference of SC biologics versus IV biologics Impact of home/self-

injection compared to hospital injection of biologicals.
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S: Home and hospital settings.

Cross-sectional studies, intervention studies, case-control studies, cohort studies,

and random-controlled trials (RCTs) were a few of the study types that might be

taken into account during the evaluation. There were no restrictions on where

studies might be conducted. The titles and abstracts of the chosen publications

were reviewed to gauge their applicability to the study question.

6.2.2.2 Inclusion criteria

1.

4.

5.

RCTs, cohort, case-control studies, and quantitative or qualitative
research design comparing injectable biologics versus placebo or
another type of injectable biologics.

The study included patients diagnosed with IBD, RA or psoriasis.
Self-management in homecare and focusing on injectable biologics and
home service for with IBD, RA or psoriasis.

Published from the year 2000 up to 2022 in a peer-reviewed journal.

The full article can be sourced in the English language.

6.2.2.3 Exclusion criteria

1.

Case studies, opinion papers, systematic reviews, or study protocol.
Also, articles were published in encyclopaedias and wikis.

Study outlining injectable biologics without comparing SC or IV infusion.
Studies focus on homecare services for situations not defined as health
conditions, such as respite services or social care programs.

Studies focus on long-stay care, assisted facilities, and nursing homes.

Duplicates, abstract only, not peer-reviewed or published.
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6.2.3 Types of Interventions and Comparisons
In this systematic review, the intervention was any injectable biologics used to treat
autoimmune disease or disorder at home vs. injectable biologics used to treat
autoimmune disease in hospital inpatient or outpatient settings.
6.2.4 Data extraction
The authors extracted the following data from the included studies:
1. Baseline characters and summary of the studies with participants treated
with injectable biologics.
2. Outcomes: Patient reported preference between SC injection at home
versus IV infusion in hospital.
6.2.5 Data analysis
In the systematic review, baseline data and outcomes from included studies and
presented them as tables. Meta-analysis for patient preference data was analysed
using Review Manager 5.4.1.
6.3 Results
6.3.1 Literature search
The literature search retrieved 3438 articles from all databases after excluding
duplicates. After title, abstract and full text screening of the selected studies, 45
studies were eligible to be included in this systematic review (Figure 35). Only one

study was accepted due to its high relevant value which was published in 1994.
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Figure 35: PRISMA chart for home vs. hospital injectable biologics studies

6.3.2 Characteristics of the included studies

A total of 8941 participants were included in this study. The mean minimum age
included in this systematic review was 10.7 years, and the highest mean age was
59.8 years. Summary table of the quality assessment for the included studies was

shown in (Table 13).
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Table 13: Summary of included studies.

Citations Study design Country Mean | Sampl | Intervention Findings
age e Size
Allen et al., | Survey: questionnaire including UK 44 78 Prior infliximab, 10 (13%) Prefer IV infliximab, 33 (42%); prefer SC adalimumab,
2010 preference for IV infliximab in 19 (24%); no preference, 26 (33%). Previous IV
hospital every 8 weeks or SC infliximab users (n = 10): prefer IV infliximab, 6 (60%)
adalimumab at home every 2
weeks
Boeri et Survey: discrete choice analysis USA 42.1 200 Past or present experience: SC | Patients preferred oral administration to SC or 1V; no
al., 2019 including preferences for injection, 81 (40.5%); IV significant difference between SC and IV
frequency and administration infusion, 52 (26.0%)
route of UC treatment
Bolge et Survey: online questionnaire USA 52.5 243 Patients were naive to Prefer SC, 49.3% (strongly, 26.3%); prefer IV, 28.4%
al., 2016 about aspects of biological biologics, but had discussed (strongly, 11.9%)
therapy including SC injection vs biological therapy
IV infusion
Bolge et Survey: telephone interviews USA, 50 405 All patients were using IV Prefer IV medication to SC injection, 82%
al., 2017 including questions on SC Canada biologics. Most patients (68%)
injection vs IV infusion had not been able to choose
their therapy
Boltetal.,, | Survey: discrete choice analysis Japan 53.4 306 NR Preferences for administration route. SC injections vs
2019 including preferences for SC IV infusion: CI95%, 0.0762; p = 0.014. Patients with
injection or IV infusion of psoriasis mild disease, 0.1243; p = 0.005; moderate or severe
treatments disease, 0.0315; p = 0.477. Preferences for setting.
Treatment administered by a healthcare professional in
a clinical setting, rather than at home: CI95%, 0.3970;
p < 0.0001.
Borruel et Survey: discrete choice analysis Spain 38.9 201 NR; patients were candidates Preferences for administration route. Prefer SC, 70.1%;
al., 2015 including preferences for SC for biological therapy prefer IV, 29.9%. Preferences for setting among
injection or IV infusion of biologics patients preferring SC (n = NR). Prefer home
treatment, 68.7%; prefer hospital treatment, 31.3%.
Capelusnik | Survey: questionnaire including Argentina 46.5 70 NR Preferences for administration route. Prefer oral, 51%;
et al., 2019 | preferences for administration prefer SC, 41%; prefer IM, 4%; prefer IV, 3%
route and setting Preferences for setting. Prefer home treatment, 90%;
prefer self-administration, 79%
Chaetal., | Survey: questionnaire including South Korea 39.7 322 157 (48.8%) using TNFi Prefer hospital IV every 8 weeks, 58.4%; prefer home
2017 preference for IV (in hospital, therapies; administration route | SC every 2 weeks: 24.2%
every 8 weeks) or SC (at home, NR
every 2 weeks) TNFi
Chapel et Randomized crossover study: IVIg | UK, Sweden 44 30 Both SClg and IVIg during Preferences at end of study. UK: SClg, 4 (40%); IVIg, 5
al., 2000 (at home or in hospital [UK, all in study (50%); no preference, 1 (10%). Sweden: SClg, 6
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Citations Study design Country Mean | Sampl | Intervention Findings
age e Size
hospital]) vs SClg (home); 1 year (30%); 1VIg, 11 (55%); no preference, 3 (15%)
each treatment
Chilton et Survey: questionnaire including UK 65 109 No prior TNFi use Prefer IV infliximab every 2 months, 25 (23%); prefer
al., 2008 preference for adalimumab, SC etanercept twice weekly, 4 (4%); prefer SC
etanercept or infliximab adalimumab every 2 weeks, 51 (47%); no preference,
29 (27%).
Dashiell- Open label switching study: switch | USA 46.2 43 41 of 43 patients were using IV | Preferences after 8 weeks (n = 42): prefer autoinjector,
Aje etal., from IV belimumab to SC belimumab 32 (76%); prefer IV, 7 (17%).
2018 belimumab using autoinjector;
guestionnaire completed after 8
weeks
Desplats et | Survey: questionnaire including France 58.4 201 All patients were using IV Prefer to continue 1V, 45.8%; prefer to switch to SC,
al., 2017 preference for continuing IV therapy 54.2%. Patients who preferred to switch to SC were
therapy or switching to SC Majority had previous SC more likely than those wishing to continue on IV to
therapy experience have another ongoing SC treatment (15.9% vs 4.3%; p
(etanercept, 58.5%; mean [SD] | = 0.016).
number of previous SC
treatments, 1.2 [0.9])
Edel et al., | Survey: questionnaire including Israel 63.4 95 Current SC, 52 (55%); current Preferences for administration route. Prefer oral
2020 preference for oral, IV or SC IV, 24 (25%); current oral, 15 therapy, 41%; prefer SC, 43%; prefer IV, 16%. Patients
treatment (16%) who have previous experience with preferred
administration route. Preferring SC, 40/41; preferring
IV, 14/15; preferring oral, 18/39. Preference by current
administration route. Current SC, 34/52 prefer SC;
current 1V, 13 of 24 prefer IV; current oral, 13 of 15
prefer oral (all p < 0.001).
Eftimov et | Open-label switching study: Netherlands 57 5 Both SClg and 1VIg during Choice of ongoing treatment at end of study: SClg, 4
al., 2009 switch from IVIg (at home) to study (80%); 1VIg, 1 (20%).
SClIg (at home); 6 months of SClg
treatment
Emadi et Survey: questionnaire including Qatar 51 294 Current oral therapy, 195 Preferences for administration route. Prefer oral
al., 2017 preference for oral, IV or SC (66.3%); current SC, 64 therapy, 69.0%; prefer SC, 23.5%; prefer IV, 7.5%.
treatment (21.8%); current 1V, 35 (11.9%) | Preference by current administration route. Current SC
patients: 37/64 (58%) prefer SC. Current IV patients:
22/35 (63%) prefer IV.
Espanol et | Survey — choice-format conjoint 21 countries 36 216 Current 1VIg, 53% (64% in Both patients and caregivers significantly preferred
al., 2014 analysis; patient preferences for outside the hospital); current SClg, 45% self-administration to administration by an HCP (p <
five treatment attributes: USA (94% at home); other, 2% 0.05). Both groups also significantly preferred (p <

Mode of administration (self-

0.05) administration at home, a lower treatment
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administration or administration by frequency, lower treatment duration and fewer needle
a healthcare professional) sticks per treatment. Mode of administration was the
Frequency of administration (one, least important treatment attribute. Patients currently
two or four times a month). receiving SClg and their caregivers had a stronger
Location (home versus surgery, preference for self-administration and treatment at
doctor’s office, clinic or hospital). home than those receiving IVIg (both p < 0.05).
Number of needle sticks per
treatment (one, two or four)
Treatment duration (2, 4, 6 hours)
Falanga et | Survey: online questionnaire Italy 43.1 548 28.3% of patients had had a Preferences for administration route. Prefer SC, 41.2%;
al., 2019 including preference for SC previous prescription for prefer IV, 36.9%; do not know, 21.9%. Preferences by
injection or IV infusion biological therapy (SC vs IV past experience of biologics. No: prefer SC, 40.2%;
NR prefer IV, 33.8%; do not know, 26.0%. Yes: prefer SC,
43.9%; prefer IV, 44.5%; do not know, 11.6% (overall p
=0.001 vs ‘No’).
Fernandes | Survey: questionnaire including Portugal 38 21 All patients using SC or IV Patients receiving IV infliximab (n = 21): prefer SC,
et al., 2015 | preference to change to TNFi therapy 53%; prefer IV, 47%. Patients receiving SC
alternative administration method adalimumab (n = 17): prefer SC, 65%,; prefer IV, 35%.
Gardulf et Open-label switching study: Austria, 33.5 47 Both SClg and 1VIg during Preferences at end of study. Adult patients on SClg at
al., 2004 switch from IVIg (in hospital) to 10 | Brazil, study enrolment (n = 10), 10 (100%) preferred SClg
months of treatment with SCIg (at | Germany, treatment at home. Adult patients on IVIg at enrolment
home, after 4-6 training sessions | Poland, (n =22): 16 (73%) preferred SClg treatment at home; 2
in hospital); 10 adult patients were | Spain, (9%) preferred SClg but no preference for setting; 2
on SClg at enrolment Sweden (9%) preferred treatment at home but no preference for
treatment; 1 (5%) preferred IVIg in hospital; 1 (5%) had
no preferences. Children on IVIg at enrolment (n = 15):
15 (100%) preferred SClg treatment at home.
Gelhorn et | Survey: telephone interview; USA 49.9 47 Currently on biological therapy, | Preferences for administration route. 100% of patients
al., 2019 guestionnaire including 29 (62%); previous experience | preferred SC injection to IV. Preferences for who
preference for SC injection vs IV of biological therapy, 6 (13%); administers medication 54% of patients preferred
administration for hypothetical biologic-naive, 26% administration by HCP in a clinic; 24% self-
therapy administration at home; 22% administration by
caregiver at home.
Gladiator Open-label switching study: Europe and NR 48 Both SClg and 1VIg during Preferences at end of study. SClg, 88% (age <13
et al., 2017 | switch from IVIg (not reported, Brazil study years, 84%; age > 13 years, 91%). Prefer home
assumed to be in hospital) to infusion, 88%.
SClg (at home); 12 months of
SClg treatment
Grisanti et | Survey: paper questionnaire USA 59.8 243 44% of patients were biologic- Preferences for administration route. Of 54 biologic-
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age e Size
al., 2019 including preference for SC naive naive patients expressing a preference, 65% preferred
injection or IV infusion of IV to SC therapy. Preference by current administration
biological therapy route. Patients currently on SC therapy (n = NR): prefer
SC, 50%; prefer IV, 17%. Patients currently on IV
therapy (n = NR): prefer IV, 58%; prefer SC, 13%.
Hadden et | Observational study: patients UK 57.4 4 Both SClg and 1VIg during Very strong preference for SC over IV immunoglobulin
al., 2015 switching from IVIg (in hospital) to study (VAS mean 93 [SD 12] where 0 = prefer 1VIg, 100 =
SClg (at home); preference prefer SCIg).
guestionnaire completed after a
mean 31 months of SClg
treatment; preference measured
with VAS scale
Harbo et Randomized crossover study: IVlg | Denmark 57.4 4 Both SClg and 1VIg during Preferences at end of study: SClg, 4 (44%); IVIg, 2
al., 2009 (in hospital) vs SClg (at home); study (22%); no preference, 3 (33%). Choice of ongoing
each treatment for a period equal treatment at end of study: SClg, 5 (56%); IVIg, 4
to three 1VIg treatment intervals of (44%).
18-56 days
Hoffmann Observational study: patients Germany 34 82 SClg during study; 73% had Preferences at end of study. Treatment: prefer SClg,
et al., 2010 | receiving SCIg (at home) received previous hospital IVIg | 22 (92%); no preference, 2 (8%). Setting: prefer home
treatment; preference reported therapy therapy, 20 (83%); prefer clinic/physician setting, 1
after 9 months of treatment P (4%); no preference, 3 (13%).
Husni et Survey: discrete choice analysis USA 56.4 510 Receiving biological therapy, patients were more likely to select SC than IV
al., 2016 including preferences for SC 45.1% (administration route administration (OR, 1.69). Preference for oral therapy
injection or IV infusion of RA NR) vs IV: OR, 2.3.
treatments
Huynh et Survey: questionnaire including Denmark 57 142 35 patients (24.6%) were Preferences for administration route. Biologic-naive
al., 2014 preference for SC injection at biologic-naive; 107 (75.4%) patients: 27/35 (77%) preferred SC at home; 8/35
home or IV infusion at clinic were treated with IV or SC (23%) preferred IV at clinic (p < 0.01). Patients using
biologic biologics: 54/107 (50.5%) preferred SC at home;
53/107 (49.5%) preferred IV at clinic. Preference by
current administration route. Patients on IV (n = 41):
85% preferred IV (p < 0.0001). Patients on SC (n = 66):
71% preferred SC (p < 0.001).
Kariburyo Survey: online questionnaire Global 45 170 All patients were biologic- Prefer IV, 42.4%; prefer SC, 54.7%. Patients who
et al., 2017 | including preference for SC naive; 83 (48.9%) had discussed biologics with physician: prefer IV, 39.8%;
injection or IV infusion discussed biologics with their prefer SC, 59.0%. Patients who had no discussion:
physician prefer IV, 44.9%; prefer SC, 50.5%.
Louder et Survey: choice-based conjoint USA 54.9 380 Patients using biologics were Frequency selected: oral, 75.4%; SC self-injection,
al., 2016 analysis including preferences for excluded 49.2%; IV infusion, 26.3%. Utility: oral, +99.3; SC self-
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frequency and administration 136 (35.8%) had received injection, +7.3; IV infusion, —106.6. Route of
route of RA therapies injection or infusion of non-RA | administration was the most important attribute.
medication in previous 180
days
Mohamed 25-question survey, including USA 50.2 252 Patients: IVIg, 59.9%; SClg, Preferences for aspects of treatment. Participants
etal., 2012 | questions on patient choices in 40.1%; at home, 60.3%; preferred self-administration of SClg to 1VIg
the event that home IVIg or home hospital/clinic, 39.7% administered by an HCP (p < 0.05 for parents; p > 0.05
SClg became available Children: 1VIg, 43.9%; SClg, for adult patients). Preferences for all other aspects of
IVIg vs SClg preferences were 56.1%; at home, 77.3%; treatment were statistically significant (p < 0.05) toward
assessed using McNemar tests hospital/clinic, 22.7% fewer treatments, treatment at home, fewer needle
sticks and shorter treatment duration. For both patients
and parents, mode of administration was the least
important treatment attribute. For patients, treatment
frequency, number of needle sticks and treatment
duration were the most important attributes. For
parents, treatment frequency was the most important
attribute, followed by number of needle sticks and
location.
Nagahori Survey: online questionnaire Japan NR 137 All patients were biologic-naive | Prefer IV, 81 (59.1%); prefer SC, 56 (40.9%)
et al., 2011 | including preference for SC
injection or IV infusion
Nicolay et Open label switching study: switch | USA, 36.1 44 Both SClg and I1VIg during Preferences at end of study. Prior hospital IVIg group
al., 2006 from IVIg (in hospital [n = 21] or at | Canada study (n = 21): prefer SClg, 17 (81%); prefer home therapy,
home [n = 13]) to SClg (at home); 19 (90%). Prior home 1VIg group (n = 13): prefer SClg,
12 months of SClg treatment 9 (69%); prefer home therapy, 12 (92%.
Perez et Retrospective study of patients Spain NR 37 All patients were initiating TNFi | Chose IV infliximab, 4 (11%); chose SC adalimumab,
al., 2017 and families choosing a TNFi therapy 33 (89%).
therapy
Permin et Open-label prospective Denmark NR 79 SClg during study; prior 1VIg Preferences at end of study: prefer SClg, 60 (77%);
al., 2009 observational study; patients or use NR prefer IVIg, 2 (3%); no preference/not known, 16 (21%)

parents asked about preferences
after 6 months of SClg treatment
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Reid et al., | 25-question survey, including Canada 23 91 All patients on hospital 1VIg Patient choices if home IVIg became available:
2014 guestions on patient choices in 64% would switch from hospital to home treatment
the event that home IVIg or home after consulting with their immunologist (p = 0.006).
SCIg became available. IVIg vs Patient choices if home SClg became available: 78%
SClg preferences were assessed would switch from hospital to home treatment after
using McNemar tests consulting with their immunologist (p < 0.001). IVIg vs
SClg. Patients were significantly more likely to switch
to home IVIg than to home SClg (p = 0.01).
Runken et | Survey: online questionnaire; NR 49 9 NR Prefer SClg, 47%; prefer IVIlg, 42%. Patients strongly
al., 2016 preferences measured using 100- preferred their current administration route.
point VAS
Samaan et | Retrospective analysis of patient Canada 10.7 143 In one group, patients switched | Patients already on IVIg (n = 51): 50 (98%) chose to
al., 2014 therapy choices between IVIg and from SClg to IVIg; in the other switch to SClg and 44 (88%) remained on SCIg during
SClg: a) patients already on IVIg group treatment-naive patients | follow-up. Newly diagnosed patients (n = 92): 44 (48%)
(n = 51; average follow-up 52 chose SCig or IVIg chose SClg and 95% remained on SClg during follow-
months); b) newly diagnosed up; 48 (52%) chose IVIg, of whom 73% switched to
patients (n = 92; average follow- SClg during follow-up; at end of follow-up, 74 (80%)
up 33 months) @ were using SCIg.
Santus et Survey: paper questionnaire Italy 48.8 150 48 patients (32.0%) were using | Preferences for administration route. Prefer SC, 81.3%;
al., 2019 including preference for SC SC biologic; 6 patients (4.0%) prefer IV, 18.7%. Current SC biologic users: prefer SC,
injection or IV infusion of had prior experience of SC 48/48 (100%). Current and prior SC biologic users:
biological therapy biologic prefer SC, 49/54 (91%); prefer IV, 5/54 (9%).
Scarpato Survey: paper questionnaire Italy 55.6 802 Patients using SC or IV drugs Preferences for administration route. Prefer IV at
et al.,, 2010 | including preference for SC were excluded hospital, 50.2%; prefer SC at home, 49.8%
injection at home or 1V infusion in Preferences for setting. Patients preferring IV (n =
hospital 403): 81% prefer hospital administration. Patients
preferring SC (n = 399): 65% prefer home treatment.
Sylwestrza | Survey: telephone interview USA 49.8 500 IV TNFi users, 40.4%; SC TNFi | Preferences for administration route. IV TNFi users (n
ketal., including preference for SC users, 59.6% = 202): prefer 1V, 71.8% (strongly, 54.5%); prefer SC,
2014 injection or IV infusion of TNFi 25.7% (strongly, 18.3%). SC TNFi users (n = 298):

therapy

prefer SC, 90.0% (strongly, 70.8%); prefer 1V, 8.1%
(strongly, 5.0%). Overall p < 0.001. Preferences among
patients with prior experience of other administration
route. IV TNFi users (n = 48): prefer 1V, 65% (strongly,
58%); prefer SC, 35% (strongly, 23%). SC TNFi users
(n = 61): prefer SC, 82% (strongly, 62%); prefer 1V,
18% (strongly, 10%). Preferences for home treatment.
IV TNFi users (n = 202): prefer home treatment, 46.0%
(strongly, 23.3%). SC TNFi users (n = 298): prefer

146




Citations Study design Country Mean | Sampl | Intervention Findings
age e Size
home treatment, 96.3% (strongly, 94.3%).
Ttustocho Survey: paper questionnaire Poland 52 120 All patients were receiving Prefer 1V, 39.2%; prefer SC, 38.3%; no preference,
wicz et al., | including preference for SC biologics: IV, 58 (48.3%); SC, 22.5%.
2013 injection or IV infusion of 62 (51.7%)
biological therapy
Van Deen Survey: conjoint analysis of Canada, NR 1077 | NR SC every 8 weeks vs IV every 8 weeks: prefer IV, 33%);
et al., 2020 | different medication attributes USA, UK prefer SC, 67%. SC every 2 weeks vs IV every 8
including route of administration weeks: prefer 1V, 51%; prefer SC, 49%. Experience
with SC or IV medication was a strong predictor of
preferences for SC or IV, respectively.
van Schaik | RCT: IVIg re-stabilization period Multinational 57 172 Both SClg and 1VIg during Preferences at end of study: SClg, 61 (72%); IVIg, 21
etal., 2018 | (up to 13 weeks) followed by study (25%); no preference, 3 (4%).
randomization to SClIg high or low
dose, or to placebo; 24 weeks of
randomized treatment
Willeke et Survey: questionnaire including Germany 59 102 All patients were receiving IV Prefer IV infusion, 65.4% (every 6—9 months, 63.4%;
al. 2011 preference for SC injection or IV every month, 2.0%); prefer tablets only, 21.5%; prefer
infusion of biological therapy, or rituximab SC every 2 weeks, 12.9%.
for oral therapy
Wu et al., Survey: questionnaire including Brazil 43.6 101 All patients were biologic-naive | Preferences for administration route. Prefer oral,
2020 preferences for mode of 87.1%; prefer 1V, 6.9%; prefer SC, 5.9%. Preference

administration and for treatment
profiles based on infliximab and
adalimumab

for treatment profiles. Prefer hospital IV every 8 weeks,
54.5%,; prefer home SC every 2 weeks, 45.5%.
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6.3.3 Selected studies quality assessment

The quality of the included studies was appraised using the EPHPP quality
assessment tool (Thomas et al., 2003). The EPHPP is crucial for appraisal when
dealing with different study designs in a single review (Jackson and Waters, 2005;
Deeks et al., 2003). It has as well been thought to have a better inter-rater
reliability compared with the Cochrane Collaboration Risk of Bias (Armijo-Olivo et
al., 2010). Six assessment criteria of the methodology study quality (selection bias,
confounders, study design, blinding of participants, methods of data collection, and
withdrawal and dropouts) were scored as either weak, moderate, or strong to reach
an overall quality rating, also implied as strong, moderate, or weak. An overall
score of weak was assigned when there were two or more weak ratings, moderate

for a single weak rating and strong for absence weak ratings (Table 14).
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Table 14: Quality assessment scores for the included studies using EPHPP.

Study o o) o 5 = Qverall

o o 3] o 55 ) Rating Score

= |8 |E |£ |22 |%3

o fa) = T o= T o

S > 2 = o2 509

> 3 S @ S £0

6 | & |© 8 2
Allen et al., 2010 M S M S S S Moderate
Boeri et al., 2019 S S S S S S Strong
Bolge et al., 2016 S S S S S M Strong
Bolge et al., 2017 S S M S S S Strong
Bolt et al., 2019 M S M S S S Moderate
Borruel et al., 2015 S S S S S S Strong
Capelusnik et al., 2019 S S S S S M Strong
Chaetal., 2017 S S S S S S Strong
Chapel et al., 2000 S S S S S S Strong
Chilton et al., 2008 S S S S S S Strong
Dashiell-Aje et al., 2018 S S M S S S Strong
Desplats et al., 2017 M S M S S S Moderate
Edel et al., 2020 S S M S S S Strong
Eftimov et al., 2009 S S S S S S Strong
Emadi et al., 2017 S S S S S S Strong
Espanol et al,, 2014 S S S S S S Strong
Falanga et al., 2019 S S S S S S Strong
Fernandes et al., 2015 S S S S S M Strong
Gardulf et al., 2004 S S S S S S Strong
Gelhorn et al., 2019 S S S S S M Strong
Gladiator et al., 2017 M S M S S S Moderate
Grisanti et al., 2019 S S M S S S Strong
Hadden et al., 2015 S S M S S S Strong
Harbo et al., 2009 S S S S S S Strong
Hoffmann et al., 2010 S S w S M M Moderate
Husni et al., 2016 S S S S S S Strong
Huynh et al., 2014 S S S S S M Strong
Kariburyo et al., 2017 S S S S S S Strong
Louder et al., 2016 S S S S S S Strong
Mohamed et al., 2012 S S S S S M Strong
Nagahori et al., 2011 S S S S S M Strong
Nicolay et al., 2006 S S S S S S Strong
Perez et al., 2017 S S S S S S Strong
Permin et al., 2009 S S S S S S Strong
Reid et al., 2014 S S M S S S Strong
Runken et al., 2016 S S S S S M Strong
Samaan et al., 2014 M S S S S M Strong
Santus et al., 2019 S S S S S S Strong
Scarpato et al., 2010 S S S S S S Strong
Sylwestrzak et al., 2014 M S M S S S Moderate
Ttustochowicz et al., 2013 S S S S S S Strong
Van Deen et al., 2020 S S S S S S Strong
van Schaik et al., 2018 S S M M S S Moderate
Willeke et al. 2011 S S S S S Strong
Wu et al.,, 2020 S S M S S S Strong

Note: overall score was considered as strong where zero weak rating, moderate where one weak
rating, and weak where two or more weak ratings were recorded. S = strong (reported and clear), M
= moderate (reported but brief or not clear) and W = weak (not reported)

The funnel plot was asymmetric indicating possible risks of bias in the study due to
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high variance in studies or effect size produced from the included studies. This can

also be due to smaller studies having sampling error in their effect estimates.

Therefore, both FE and RE model were used in this study analysis (Figure 36).
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Figure 36: Funnel plot for injectable biologics studies.

The use of biologics for various auto immune disorder is now well established.
However, there recent development around the availability of choice on the device
of choice for various patients based on preference. It is also opening the way for
physicians to consider patient preference in the use of biologics when making
clinical decision on what to prescribed for the patient. It also helps put the patients
in the fore front of their treatment. Gardulf et al. (2004) investigated the use of SC
immunoglobulin (SClg) home therapy and was reported to give better health
outcome (p < 0.001). The authors also reported improved school and social
functioning (p = 0.02), reduced emotional distress (p = 0.02) and limitations on
personal time for the carers (p = 0.004), and fewer limitations on family activities (p

= 0.002). Adults switching therapy reported improved vitality (p = 0.04), mental
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health (p = 0.05), and social functioning (p = 0.01). The SClg home therapy was
the patients’ preference because it led to greater independence and greater
therapy convenience (p < 0.05). The patients preferred the SClg administration
route and having the treatment at home. Samaan et al. (2014) also studied patients
(n = 51) already on IV immunoglobulin (1VIg): 50 (98%) chose to switch to SCig
and 44 (88%) remained on SClg during follow-up newly diagnosed patients (n =
92): 44 (48%) chose SClg and 95% remained on SCIg during follow-up; 48 (52%)
chose IVIg, of whom 73% switched to SClg during follow-up; at end of follow-up,
74 (80%) were using SClg. The authors reported a patient preference for SC
infusion at home as shown in the data and more convenient for the patient and
their families.

Hoffmann et al. (2010) studied the mean serum immunoglobulin G (IgG) trough
level during SClg treatment (7.5 g/L) was higher than during previous 1VIg
treatment (6.6 g/L; p < 0.01). The investigators assessed the efficacy of SCig
therapy as "excellent” in 89% of patients. No systemic side effects were observed.
Statistically significant improvements (p < 0.05) were observed for bodily pain,
general health perceptions, and vitality (adults), and general health perceptions,
parental impact - time, parental impact - emotional, and family activities (children).
Patients preferred SClg over IVIg therapy (92%) and home therapy over therapy at
the clinic/physician (83%). Gladiator et al. (2017) investigated patient preferences
and noted that patients on SClg, 88% prefer home infusion, 88% preferences at
end of study prior hospital 1VIg group (n = 21): prefer SClg, 17 (81%); prefer home
therapy, 19 (90%) prior home IVIg group (n = 13): prefer SCIg, 9 (69%); prefer

home therapy, 12 (92%). This study is in line with what has been observed by
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Nicolay et al. (2006) who investigated the lifelong IgG replacement therapy for
patients with primary immunodeficiencies (PIDD) on IVIg or by SClg infusions.
They investigated the impact of weekly SCIg self-infusions at home on the health-
related quality of life, treatment satisfaction, and preferences in patients treated
with 1VIg at the hospital/doctor's office (group A) or at home (group B) before the
study started. Forty-four adult North American PIDD patients were included in the
study, 28 patients in group A and 16 in group B. Patients in group A reported
significantly less limitations with their work/daily activities, a significantly improved
vitality, and better general health. Treatment satisfaction was significantly improved
in group A. The preference for the SCig route and for home therapy was
respectively 81% and 90% in group A. In group B, 69% preferred the SClg and
92% home therapy.

Permin (2009) conducted an observational study on people with immunodeficiency
(n =78) age < 12 years, 34; 13—-18 years, 10; > 18 years, 34 female, 33 (42%)
SClg, patients or carers were asked about preferences after 6 months of SCig
treatment. At the end of the study 60 (77%) preferred SCIg and 2 (3%) preferred
IVIg. Efitmov et al. (2009) investigated whether SCIg treatment is feasible and safe
in maintaining muscle strength of patients with multifocal motor neuropathy (MMN).
Patients fulfilling the EFNS/PNS criteria for definite MMN treated with 1VIg were
switched to weekly SClg in a single-center, open-label pilot intervention study. Van
Schaik et al. (2018) also reported patient preferences at end of study for SCIg (61,
72%) than 1VIg (21, 25%). The results is also align with Runken et al. (2016) study
which showed that patients prefer SClg (47%) over IVIg (42%). Harbo et al. (2009)

reported preferences at end of study of SClg (4, 44%) over IVIg (2, 22%). They
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also reported that patients’ choice of ongoing treatment at end of study was for
SClg (5, 56%) over IVIg (4, 44%). Chapel et al. (2000) in their study reported that
patient in the UK preferences was SCIg (4, 40%) over IVIg (5, 50%) and in Sweden
it was the opposite with SCIg (6, 30%) less than IVIg (11 (55%).

Furthermore, Espanol et al. (2014) found that both patients and carers significantly
preferred self-administration to the administration of treatment by an HCP (p <
0.05), administration at home, a lower treatment frequency, lower treatment
duration and fewer needle sticks per treatment (p < 0.05). Hadden et al. (2015)
reported better dexterity for patients with SC (p = 0.04), quality of life (p = 0.69) and
pinch strength (p = 0.27). Mohamed et al. (2012) reported preferences for of self-
administration of SClg to IVIg administered by an HCP (p < 0.05 for carers and
patients). Preferences for all other aspects of treatment were also statistically
significant (p < 0.05) toward fewer treatments administration episodes. Reid et al.
(2014) study discussed patient preference or choices if home IV became available,
64% patients indicated that they would switch from hospital to home treatment after
consulting with their physician (p = 0.006) and if home SC became available 78%
would switch from IV (p < 0.001), with more patients were more likely to switch to
home IV than to home SCig (p = 0.01).

Gelhorn et al. (2019) preference for administration route was 100% of patients
preferred SC to IV and 54% of patients preferred administration by HCP in a clinic;
24% self-administration at home; 22% administration by carer at home.
Sylwestrzak et al. (2014) noted that the preferences for administration route was IV
(71.8%) then SC (90.0%) with overall p < 0.001. Similarly, Perez et al. (2017)

reported that patients who chose IV infliximab were less (4, 11%) than those who
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chose SC adalimumab (33, 89%). Santus et al. (2019) also reported preference for
administration route as follows SC (81.3%), then IV (18.7%) with current SC
biologic users preferred SC (100%), current and prior SC biologic users preferred
SC (91%) and the remaining (9%) preferred switching to IV.

Huynh et al. (2014) reported 77% of naive biologic users preferred to start SC at
home compared to 23% preferred 1V at clinic (p < 0.01) Patients on IV, 85%
preferred to continue with IV (p < 0.001) and those on SC, 71% preferred to
continue with SC (p < 0.001). Patients noted reasons for their preference of IV or
SC as being consideration for safety and a desire to reduce the time traveling
respectively.

Dashiell-Aje et al. (2018) reported patients prefer SC autoinjector (76%), followed
by IV (17%). Similarly, Borruel et al. (2015) reported patients prefer SC (70.1%),
followed by 1V (29.9%). Among patients preferring SC, 68.7% preferred home
setting and 31.3% preferred hospital setting. Van Deen et al. (2020) surveyed
1,077 patients, 49% preferred an SC biologics medications every 2 weeks,
whereas 51% preferred IV medications every 8 weeks. Prior experience with SC/IV
was the strongest predictor for patients' preferences. Fernandes et al. (2015) study
reported that of patients receiving IV infliximab 53% preferred to switch to SC and
47% preferred to continue with V. Patients receiving SC adalimumab 65%
preferred to continue with SC and 35% preferred to switch to I1V. Kariburyo et al.
(2017) reported patients receiving 1V infliximab preferred SC (53%) over IV (47%),
where patients receiving SC adalimumab preferred SC (65%) over IV (35%).
Desplats et al. (2017) found that 45.8% of the patients chose to keep the IV route

of administration, with patients currently on SC treatment often choosing the SC
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route compared to those currently using 1V route (15.9 vs. 4.3%, p < 0.05).
Reasons guiding the choice of the SC route were concerns about repeated hospital
day-care (72%), greater autonomy with SC injections (38.7%) and economic
considerations (21.5%). Reasons associated with choosing to maintain the IV route
were worries about a lack of follow-up (72.1%), the absence of medical assistance
during the SC injection (61.2%), maintaining social relationships with other patients
developed at the hospital setting (40.5%), lower frequency of injection (32.9%),
fear of adverse events (27.7%) and fear of SC injections (17.9%). Patients reject
the SC switch from the 1V route of tocilizumab and abatacept mainly because of
fears about the unknown SC route, while those who accept it find it more
convenient. The study reported that preference to continue 1V, 45.8% whilst
preference to switch to SC, 54.2% . It was noted that patients who preferred to
switch to SC were more likely than those wishing to continue IV treatment (15.9%
vs. 4.3%; p = 0.016). Chilton et al. (2008) reported that patients preferred to
continue 1V (45.8%) was less than those preferred to switch to SC (54.2%), (p =
0.016). Scarpato et al. (2010) reported the opposite, where 50.2% preferred IV at
hospital compared to 49.8% preferred SC at home.

Bolge et al. (2016) reported more patients prefer SC (49.3%) followed by IV
(28.4%) agreed on by Edel et al. (2020) who reported 41% of patients prefer oral,
followed by 43% prefer SC and 16% prefer IV (p < 0.001), which was agreed on by
Capelusnik et al. (2019) with patients prefer oral (51%) above all other routes (SC
41%, IM 4% and IV 3%). In a survey by Falanga et al. (2019), they reported that
preference for SC was greater (41.2%) than for IV (36.9%). Patients with previous

experience of IV biological therapies were less uncertain of the switch to SC (p =
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0.001). Nagahori et al. (2011) disagreed with other studies and concluded that
more patients preferred oral route (87.1%) over IV (6.9%) and SC (5.9%). They
also reported that patients preferred hospital IV every 8 weeks (54.5%) over home
SC every 2 weeks (45.5%), which was supported by Ttustochowicz et al. (2013)
who stated that patients preferred 1V (39.2%) over SC (38.3%).

Grisanti et al. (2019) also reported that in 54 biologic-naive patients 65% preferred
IV to SC therapy, where preference by current administration route shows that
more patients currently on SC therapy preferred to continue with SC (50%) than IV
(17%) and those who are currently on IV therapy preferred to continue with IV
(58%) than switching to SC (13%). In a survey conducted by Allen et al. (2010) it
was reported that 42% of patients preferred IV infliximab and 24% preferred SC
adalimumab (p = 0.07). The commonest reason (67%) cited for those who chose
IV infliximab was "I do not like the idea of self-injecting". For those patients who
preferred SC adalimumab the commonest reason (79%) cited was "I prefer the
convenience of injecting at home". Six patients stated that they would prefer IV
infliximab if given the choice in the future (p = 0.75).

Cha et al. (2017) noted in their study of 322 IBD patients who completed their
guestionnaires that IV anti-TNFs was led preferred than SC anti-TNFs (ratio of
2.4:1). When comparing SC anti-TNF therapy with 1V anti-TNF therapy, patients
who experienced adverse events and patients with a longer disease duration
preferred SC anti-TNF therapy over IV anti-TNF therapy (p < 0.001 and p = 0.029,
respectively). Emadi et al. (2017) studied preferences for administration route and
noted that patients’ preference of oral therapy (69.0%) was higher than for SC

(23.5%) and for IV (7.5%). Where, Willeke et al. (2011) noted that patients’
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preference for IV infusion every 6—9 months (63.4%) was higher than for SC every
2 weeks (12.9%). Similarly, Wu et al. (2020) reported 87.1% of patients preferred
orale route, followed by IV (6.9%) then SC (5.9%). Bolge et al. (2017) reported that
patient prefer IV medication (82%) to SC injection, agreed on by Boeri et al. (2019).
Bolt et al. (2019) noted that patients preferred SC to IV (mild disease p = 0.014,
moderate disease p = 0.005, severe disease p = 0.477). Furthermore, Husni et al.
(2016) reported that patients were more likely to select SC than IV administration
supported by Louder et al. (2016) who reported patient preference as SC self-
injection (49.2%) compared to IV infusions (26.3%) route of administration.

6.3.5 Meta-analysis of patient preference of injectable biologics by self
administration at home or in the hospital.

The entire selected 45 studies pooled for this analysis. Figure 37, FE model
analysis showed considerable heterogeneity (p < 0.001, 12 = 98%) between the
selected studies. There was statistically significant difference between the

intervention group and the control group (p < 0.001).
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Subcutaneous Biologics  Intravenous Biologics Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Boerietal 20149 24 200 47 200 1.4% 0.55[0.33, 0.92]
Bolge et al 2016 120 243 123 243 21% 0.95[0.67, 1.36] I
Bolge etal 2017 72 405 333 405 9.2% 0.05[0.03,0.07] 4—
Boltetal 2019 38 306 268 306 7.9% 0.02[0.01,0.03 4
Borruel et al 2015 141 2m 1} 2m 0.6% 5.52[3.60,8.47] —
Capelusnik etal 2018 12 7o 1 7 0.0% 14.28[1.80,113.10] —_—*
Chaetal 2017 T8 322 244 322 6.2% 0.10[0.07,0.15] I
Chapel et al 2000 10 30 20 a0 0.4% 0.25[0.09,0.73]
Chilton et al 2008 24 109 7o 108 1.7% 0.201[0.11, 0.36]
Dashiell-Aje etal 2018 a3 43 10 43 0.1% 10.89 [4.00, 28.62] s e—
Desplats et al 2017 92 20 109 2m 2.0% 0.71[0.48,1.05] I
Edel et al 2020 41 95 14 95 0.3% 4.05[2.04,8.03]
Eflimoy et al 2009 4 i) 1 ] 0.0% 16.00[0.72, 354.80] »
Emadietal 2017 69 294 22 284 0.6% 3T9[2.27,6.32]
Espanol etal 2014 114 26 102 216 1.6% 1.26[0.86,1.82] T
Falanga etal 2019 67 a14 312 548 9.1% 0.11[0.028,0.14] —_—
Fernandes atal 2015 11 a3 42 53 1.1% 0.07[0.03,018] ¥—————
Gardulf et al 2004 3 47 a7 47 1.2% 0.02[0.00,0.07] +——
Gelhom etal 2019 28 47 22 47 0.3% 1.291[0.57, 2.90] e —
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wan Schaik et al 2018 3 172 111 172 7% 0.01[0.00,0.03] 4
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Total events 321 4492
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Testfor overall efiect Z=17.47 (P < 0.00001) Subcutaneous Biologics  Infravenaus Biologics

Figure 37: Fixed model, patient preference of injectable biologics by self administration
Intervention: Injectable SC biologics at home, Control: Injectable 1V biologics at hospital, Event: patient
preference of SC injectable biologics by self administration at home.

The RE model (Figure 38) shows statistically significant difference between
intervention and the control group (p = 0.05). Included studies maintained the
same considerable heterogeneity (p < 0.001, 12 = 98%). The OR is <1 (0.64 - 0.40,
1.00) indicating that the exposure to injectable biologics was associated with lower

odds of outcome (preference for the use of biologics SC injection at home).
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Figure 38: Random model, patient preference of injectable biologics by self administration
Intervention: Injectable SC biologics at home, Control: Injectable 1V biologics at hospital, Event: patient
preference of injectable biologics by self administration at home.

6.3.6 Risk of bias

According to the Cochrane risk of bias tool, most of included studies showed a low
risk of bias regarding random allocation sequence, allocation concealment, blinding
of participants, personnel and outcomes, incomplete data. The risk of bias graph

(Figure 39) and risk of bias summary of the studies (Figure 40).
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Figure 39: Risk of bias graph for injectable biologics studies.

All eligible studies achieved greater than 50% score of low RoB which is indicative
of their high quality and similarity, making them suitable for inclusion in the meta-
analysis. The risk of bias informs interpretation of the heterogeneity assessment in
the meta-analysis but does not indicate that the study should be excluded to

prevent the systematic review findings bias.
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Figure 40: Risk of bias traffic light for injectable biologics studies.
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6.4 Review discussion

The findings of this systematic review and meta-analysis point to individuals with
chronic ilinesses, IBD, Psoriasis, RA autoimmune conditions. Total sample was
8880 patients, with total of 4492 patients preferred IV route and 3281 patient
preferred SC route.

There were 890 patients preferred oral route Oral: Edel et al., 2020 (n=39),
Capelusnik et al., 2021 (n=15), Nagahori et al., 2017 (n=119), Emadi et al., 2017
(n=203), Wu et al., 2020 (n=88), Boeri et al., 2019 (n=124), Willeke et al., 2011
(n=22) and Husni et al., 2016 (n=280). Additionally, 217 patients did not have
preference to the administration route or the setting: van Schaik et al., 2018 (n=3),
Ttustochowicz et al., 2013 (n=27), Permin et al., 2009 (n=16), Gardulf et al., 2004
(n=3), Falanga et al., 2019 (n=67), Chilton et al., 2008 (n=29), Cha et al., 2017
(n=56), Kariburyo et al., 2017 (n=8), Espanol et al., 2014 (n=4), Chapel et al., 2000
(n=4). The preference for oral therapy was not considered in this study as it was
out of its scope (parenteral therapy) and it is not an option formulation for most of
the currently UK marketed biologic agents.

The reviewed studies did not show consistent preference to one route over the
other, this was in agreement with this study (p = 0.05, OR 0.64). This will require
future research to investigate and identify the reason based on patient self-care
efficacy, cost and access to in time support, which were outside the scope of this
review due to unavailability of primary research reporting on those outcomes.
This review, based on the included studies, patients noted that the options SC
injections allow for the possibility and opportunity for receiving treatment at home

without any need to visit the hospital for IV treatment.
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Patient reported more autonomy, flexibility with involvement with social activities
and better patient engagement with their treatment and conditions when using SC
biologics compared to IV in the clinic. However, more research is required on
home-based care for patients receiving injectable biologic, which is currently much
less than research on IV administered in hospital. Given the length of treatment, it
will be interesting to see future research analysing out-of-pocket costs due to travel
from home to hospitals and if it influences patients’ preference.

Overton et al. (2021) completed a systematic review (n=18 studies) on patient
preferences for SC vs. IV administration of injectables biologics and its impact on
adherence to therapy. Among the 85 patients on SCI treatment who completed
their survey, 61 (72%) preferred SCI, 21 (25%) preferred 1VIg and 3 (4%) had no
preference. A total of three randomised crossover studies were identified. In two of
these, the majority of patients (56% and 91%) who had used 1VIg and SCIlg during
the study reported preferring SClg and in the third study, 5 of 10 and 11 of 20
patients in cohorts in the UK and Sweden, respectively, preferred IVIg therapy.
Their which also aligned with our study findings of overall preference for SC
injection at home setting by patients.

Stoner et al. (2014) in their systematic review on biologics IV vs. SC, they
demonstrated a clear patient preference for SC administration. The majority, four of
six studies, concluded that patients had demonstrated a preference for SC drug
administration (ranged between 44% to 91 % in the 4 studies). Only one study
reported that patients preferred 1V drug delivery, and another found no difference in
patient preference for either method . A total of 44 % patients had a preference of

SCI, 22 % favoured IV administration, and 33 % gave no preference. Reasons
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given by patients for SCIg preference were that treatment could be given at home
and it allowed them to avoid difficulties with IV access. However, patients reported
that the increased number in treatment days was a disadvantage for SCI. This
aligned with our study findings.

Abolhassani et al. (2012) studied Immunoglobulin replacement by the SC route as
an alternative to conventional IV administration. The author completed a
systematic review with a total of 47 articles with 1,484 participants. The authors
reported that patients on SC injections achieved acceptable IgG trough level, low
incidence of side effects, efficacy similar to IV infusions, better health related
quality of life and treatment satisfaction, and faster functional recovery with less
time off work. The outcome was measured by random effect method for IgG trough
levels (p <0.01), infection rates (p = 0.04), and side effects (p <0.001), therefore
based the results achieved it shows significant preference of SC injection over IV
administration, which is in line with the outcome of study about patient preference.
6.5 Review conclusion

Therefore it is safe to postulate that if the safety and efficacy of both administration
routes are similar. However, it is remained relevant to consider the individual
patient preference which will ensure patients optimal treatment adherence,
experience or satisfaction. Given the past global COVID-19 pandemic, where the
potential of infectious disease spread was a major issue, home intervention could

be a feasible and viable solution within the mix of healthcare alternative provisions.
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Chapter VII.: Comparison between Injectable Antibiotics
Use at Home vs. Hospital Settings for the Treatment of
Infections: A Systematic Review and Meta-Analysis

7.1 Background

Outpatient parenteral antimicrobial therapy (OPAT) is defined as “the
administration of intravenous antimicrobials to a patient with infection either at
home or at an infusion center, circumventing the need for an overnight stay in the
hospital, to shorten or avoid hospitalisation” (Jones et al., 2015).

Outpatient parenteral antimicrobial therapy (OPAT) is considered one of the
methods for delivering antibiotics to manage infection outside the hospital without
needing hospitalization (Chapman, 2013). This service was established in the
United Kingdom in 2015 by The British Society for Antimicrobial Chemotherapy
(BSAC) for managing paediatrics and adults according to guidelines and
recommendations for different types of infections (National Outcomes Registry
System (NORS, 2022). Worldwide, the use of OPAT services is increasing,
especially in children with no need for hospitalization (Krah et al., 2018), and the
change from hospital management to home care management of infectious
diseases (Al-Motlaq et al., 2019). Different types of antibiotics were being used for
OPAT. The most used antibiotics for OPAT service were ceftriaxone and
teicoplanin, which are considered effective for managing infections, especially
gram-positive bacteria (Hatcher et al., 2019).

In the Unites States, more than 250000 patients receive this service annually
(Paladino and Poretz, 2010), but in the UK, there is no funding for OPAT service;

therefore, many patients do not benefit from this service, especially those with
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cellulitis (Jones et al., 2015). A study by Cohen et al. (2018) did a qualitative
evaluation among 14 patients, 12 patient carers, and nine key informants
(observers who are present in the patient care environment). The patient carers
groups felt that injectable antibiotics were safe, well received by the patients, and
suitable for community-based use. The authors concluded that: “Although there
were abstract worries about issues in the community such as adherence,
relationships between patients and carers and the ability of lay people to deliver
injections safely, none of these were borne out in real experiences. Community-
based management offers a number of benefits, including fewer financial
difficulties, improved emotional well-being, and the ability to continue social
interactions and daily activities”. There was no quantitative data available from this
study. Ibrahim et al., (2019) performed an RCT study in Australia on children with
cellulitis. They found that managing at outpatient had longer therapy courses
(mean 25.4 vs. 13.5 days, p <0.001), high rates of completing management (90.3%
vs. 45.4%, p <0.001), and success rate (86.4% vs. 55.7%, p <0.001). Also, less
relapsing of S. aureus (3.9% vs. 15.5%, p <0.007) and fewer deaths (3.9% vs.
18.6%, p <0.001) were found in patients managed at outpatient.

Many patients experience "post-hospital syndrome" after being discharged from
the hospital, which is caused in part by variables such as deconditioning and sleep
loss (Paciente et al., 2013).

A "hospital at home" is a home-based care, as opposed to a regular inpatient
hospital. Previous research indicates that home hospital care can cut costs while
maintaining quality and safety and improving patient experience, however, there

are very few studies are published and many are composed of small sample size.
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No previous systematic reviews have been conducted to compare the efficacy of
injectable antibiotics for a range of infectious diseases in home vs. hospital
settings. This systematic review aims to assess the efficacy of injectable antibiotics
between hospital outpatient and home settings, to collate the data from the current
primary studies conducted on this topic.

7.2 Methods and materials

This systematic review was conducted according to the Cochrane handbook for
systematic reviews of interventions (Higgins and Altman, 2008). The study was
reported using the PRISMA statement (Page et al., 2021). This systematic review
included people diagnosed with vs. chronic conditions at home, living in the
community, and receiving injectable antibiotics with no age restriction compared to
patients treated in hospitals with injectable antibiotics.

7.2.1 Search strategy

PubMed, SCOPUS, Web of Science, and Cochrane databases were searched
using the keywords (“self-management” OR “home care” OR “homecare” OR “self-
care” OR “self-administered” OR “self-inject”) AND (“injectable antibiotics” OR
“outpatient injectable antibiotics therapy”) AND (“respiratory disease” OR
“respiratory disorders” OR “pneumonia” OR “urinary tract infection” OR “UTI” OR
“osteomyelitis” OR “bone infection” OR “skin infection” OR “infection”) for all
studies from 2000 until 2021 on 2" of April 2022.

7.2.2 Eligibility criteria and study selection

7.2.2.1 PICOS

P: Patients administered by injectable antibiotics.

I: Home/Self-injectable.
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C: Hospital injectable.
O: The efficacy and tolerance of injectable antibiotics in achieving cure out of
hospitals.
S: Home and hospital settings
7.2.2.2 Inclusion criteria
In this systematic review, we included all studies with the following criteria:
1. RCTs, cohort, case-control studies, and qualitative research design comparing
antibiotics hospital management vs. home management.
2. A study outlining self-management in homecare and focusing on injectable
antibiotics and home service for defined health conditions.
3. Compared care received in an experimental group (Home group) with a control
group (hospital stay group)
4. Published from the year 2000 to 2022 in a peer-reviewed journal.
5. Published in the English language.
7.2.2.3 Exclusion criteria
Different exclusion criteria were set for this systematic review as follows:
1- Case studies, opinion papers, systematic reviews, or study protocol. Also,
articles were published in encyclopedias and wikis.
2- Study outlining self-management in homecare, but not focusing on
injectable antibiotics.
3- Studies focus on homecare services for situations not defined as health
conditions, such as respite services or social care programs.
4- Studies focus on long-stay care, assisted facilities, and nursing homes.

5- Duplicates, abstract only, not peer-reviewed or published.
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7.2.3 Types of Interventions and Comparisons
In this systematic review, the intervention was any injectable antibiotics at home by
the patient or any person compared to managing injectable antibiotics at the
hospital.
7.2.4 Data extraction
The authors extracted the following data from the included studies:

1. Baseline characters and summary of the studies with participants treated

with injectable antibiotics.
2. All outcomes and findings comparing injectable antibiotics at home or
outpatients versus hospital.

7.2.5 Data analysis
In the systematic review, baseline data was extracted and outcomes from included
studies and presented as tables. Missing mean and standard deviation (SD) were
calculated from the median, standard error, or 95% confidence interval (Cl),
according to Altman (Altman and Bland, 2005). Meta-analysis was conducted using
RevMan 5.4.1. For the statistical analysis and production of forest plots, Review
Manager 5.4 was utilized. There was a meta-analysis for participant clinical
remission, participation mortality, and participant side effects or complications. The
indicator for effect was the odds ratio (OR), which was computed using a fixed
effects model. The cut off point for significance was set at 0.05. The 12 statistic,
according to Choi and Lam (2017), was used to categorize the degree of statistical
heterogeneity.
7.3 Results

7.3.1 Literature search
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The literature search retrieved 906 articles from all databases after excluding
duplicates. After title, abstract and full text screening of the selected studies, 16
studies were eligible to be included in this systematic review (Figure 41). Only one

study was accepted due to its high relevant value which was published in 1994.
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Figure 41: PRISMA flow diagram for injectable antibiotics studies.

7.3.2 Characteristics of the included studies

A total of 1751 participants were included in this study. The minimum age included
in this systematic review was seven years in the hospital and home group, and the
oldest age of participants was 44.5 years in the hospital group. Summary table of

the quality assessment for the included studies was shown in (Table 15).
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Table 15: Summary of included studies.

Citations Study design Country Mean Total Intervention Findings
age Sample Size
Aimonino RCT Italy 53 104 Injectable antibiotics at A significant decrease in the probability of hospital readmission at 6
Ricauda et al., home vs injectable months, reduced healthcare costs, and greater quality of life are all
2008 antibiotics at hospital. related with physician-led substitutive hospital-at-home treatment
as opposed to inpatient care for older patients with acute
exacerbations of COPD. 52 home patients have mean age 80.0
year. 52 hospital patients; mean age 79.0 year.
Biondo et al., RCT Europe 51 132 Injectable antibiotics at Outpatient versus hospitalization management for uncomplicated
2014 USA home vs injectable diverticulitis: a prospective, multicenter randomized clinical trial
antibiotics at hospital. (DIVER Trial).
A total of 132 patients were randomized: 4 patients in group 1 and 3
patients in group 2 presented treatment failure without differences
between the groups (P=0.619). The overall health care cost per
episode was 3 times lower in group 2, with savings of €1124.70 per
patient. No differences were observed between the groups in terms
of quality of life.
Fishman et al., Retrospective USA 41 150 Injectable antibiotics at Retrospective study of Appendicitis for 150 (98 in the hospital-
2000 study home vs injectable based group and 52 in the home-based group)
antibiotics at hospital.
Hensey et al., Retrospective USA 53 127 Injectable antibiotics at Retrospective study of Pyelonephritis for 127 (115 in the hospital-
2017 study home vs injectable based group and 12 in the home-based group)
antibiotics at hospital.
Hensey et al., Retrospective USA a7 44 Injectable antibiotics at Retrospective study of meningitis for 44 (15 in the hospital-based
2017b study home vs injectable group and 29 in the home-based group)
antibiotics at hospital.
Hernandez et al.,, | RCT Spain 49 222 Injectable antibiotics at Compared to standard treatment, the home hospitalization
2003 home vs injectable intervention produces better results at cheaper costs. 121 home
antibiotics at hospital. patients have mean age of 71.0 year.
101 hospital patients have
mean age of 71 year.
Ibrahim et al., Prospective USA 43 79 Injectable antibiotics at Prospective study of cellulitis for 79 (38 in the hospital-based group
2016 study home vs injectable and 41 in the home-based group
antibiotics at hospital.
Ibrahim et al., Retrospective USA 51 144 Injectable antibiotics at Retrospective study of Cellulitis for 144 (103 in the hospital-based
2017 study home vs injectable group and 41 in the home-based group)
antibiotics at hospital.
Ibrahim et al., RCT Australia 38 190 Injectable antibiotics at No significant difference in treatment failure was found between
2019 home vs injectable treatment in hospital compared with home. except for adverse

antibiotics at hospital

event which showed less in home group than hospital (two [2%] vs
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ten [11%]; p=0.048). Other secondary outcomes such as Length of
stay in emergency department, Cellulitis stopped spreading within
24 h, cost effectiveness and quality of life outcomes were
favourable for management at home.

Orme et al., 2014 | Prospective USA 37 27 Injectable antibiotics at Febrile neutropenia of 27 patients (18 hospital-based and 19 home-
study home vs injectable based treatments
antibiotics at hospital.

Proesmans et al., | Retrospective USA 45 47 Injectable antibiotics at Retrospective study of Cystic fibrosis for 47 (77 hospital-based and

2009 study home vs injectable 54 home-based treatments)
antibiotics at hospital.

Raisch et al., Retrospective USA 33 63 Injectable antibiotics at Retrospective study of febrile neutropenia of 63 (27 in the hospital-

2003 study home vs injectable based group and 36 in the home-based group)
antibiotics at hospital.

Rehm et al., 2009 | RCT USA 44 200 Injectable antibiotics at Participants managed at outpatient had longer therapy courses
home vs injectable (mean 25.4 versus 13.5 days, P<0.001), high rates of for
antibiotics at hospital. completing management (90.3% versus 45.4%, P<0.001) and good

success rate (86.4% versus 55.7%, P<0.001). Also, less relapsing
of S. aureus (3.9% versus 15.5%, P<0.007) and fewer deaths
(3.9% versus 18.6%, P<0.001) were found in patients managed at
outpatient.

Stovroff et al., A prospective us 39 16 Injectable antibiotics at Community-based care is better than hospital management of

1994 study home vs injectable appendicitis for long term injectable treatment in this aspect: types.
antibiotics at hospital

Termoz et al., Retrospective France 42 153 Injectable antibiotics at Treating in hospital is better than home for patients with cystic

2008 study home vs injectable fibrosis in the following variables: FEV1 (10.2% vs 9.5%), FVC
antibiotics at hospital (7.3% vs 6.8%) and body weight.

Vianello et al., RCT Italy 46 53 Injectable antibiotics at For some NMD patients with respiratory tract infections,

2013 home vs injectable hospitalization at home is a good alternative to hospital admission.

antibiotics at hospital.

172




7.3.3 Selected studies quality assessment

The quality of the included studies was appraised using the EPHPP quality

assessment tool (Thomas et al., 2003). The EPHPP is crucial for appraisal

when dealing with different study designs in a single review (Jackson and

Waters, 2005; Deeks et al., 2003). It has as well been thought to have a better

inter-rater reliability compared with the Cochrane Collaboration Risk of Bias

(Armijo-Olivo et al., 2010). Six assessment criteria of the methodology study

quality (selection bias, confounders, study design, blinding of participants,

methods of data collection, and withdrawal and dropouts) were scored as either

weak, moderate, or strong to reach an overall quality rating, also implied as

strong, moderate, or weak. An overall score of weak was assigned when there

were two or more weak ratings, moderate for a single weak rating and strong

for absence weak ratings (Table 16).

Table 16: Quality assessment scores for the included studies using EPHPP.

Study c g - 3w Overall
o <2 |- 2 ool 2 = Rating
o® | 5.8 S © T 9S| 58 Score
Lo | 53| 8 £ QO=90| ¢ T o
@ e c ) Q=2| = =
n o O = a
@)
Aimonino Ricauda et al., 2008 S S M S S S Strong
Biondo et al., 2014 S S M S S S Strong
Fishman et al., 2000 S S S S S M Strong
Hensey et al., 2017 S S S S S S Strong
Hensey et al., 2017b S S S S S M Strong
Hernandez et al., 2003 S S S S S M Strong
Ibrahim et al., 2016 S S S S S M Strong
Ibrahim et al., 2017 S S M S S S Strong
Ibrahim et al., 2019 M S S S S M Strong
Orme et al., 2014 S S S S S S Strong
Proesmans et al., 2009 S S S S S S Strong
Raisch et al., 2003 S S S S S S Strong
Rehm et al., 2009 S S S S S S Strong
Stovroff et al., 1994 M S M S S S Moderate
Termoz et al., 2008 S S W S M M Moderate
Vianello et al., 2013 S S S S S M Strong

Note: overall score was considered as strong where zero weak rating, moderate where one
weak rating, and weak where two or more weak ratings were recorded. S = strong (reported

and clear), M = moderate (reported but brief or not clear) and W = weak (not reported)

The funnel plot was asymmetric indicating possible risks of bias in the study
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due to high variance in studies or effect size produced from the included
studies. This can also be due to smaller studies having sampling error in their

effect estimates. Therefore, both FE and RE model were used in this study

analysis (Figure 42).
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Figure 42: Funnel plot for injectable antibiotics studies.

The study methodology utilised in the selected studies was essentially
comparable. The hierarchies rate studies based on the likelihood of bias, RCTs
are rated highest because they are intended to be unbiased and have a low
chance of systematic mistakes. In this meta-analysis and systematic review, all
included studies were RCT’s, retrospective and prospective studies.

Hernandez et al. (2003) reported that when compared to hospital care, hospital
at home care allows for a significant cost saving when to compared to standard
treatment, the hospital at home intervention produced better clinical service and

also have similar cure rate for both hospital and homecare settings.
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Vianello et al. (2013) reported that for neuromuscular disorders patients with
respiratory tract infections, homecare treating was found to be a good
alternative to hospital based treatment. It was found that instead of receiving
standard hospital treatment, substitutive hospital at home services increased
physical activity while reducing expense for patients and hospital bed utilisation.
Aimonino Ricauda et al. (2008) and Hernandez et al. (2003) agreed that the
overall sample's patient mortality has no discernible variations between the two
contexts of care and even slightly reduced in home care because hospital
patients sometimes experienced negligence from health workers.

A study conducted by Termoz et al. (2008) on all patients with cystic fibrosis
between 1996 and 2005 to evaluate the difference between IV antibiotic
treatment mainly in the home versus hospital, and they found that treatment in
the hospital is slightly better than a home for patients with cystic fibrosis in the
following variables: FEV1 (10.2% vs. 9.5%), FVC (7.3% vs. 6.8%) and body
weight, and this explain the importance of hospital management for cystic
fibrosis.

Another RCT study by Rehm et al. (2009) found that patients diagnosed with
bacteraemia with or without infective endocarditis managed at outpatient had
longer therapy courses (mean 25.4 vs. 13.5 days, p < 0.001), high rates of for
completing management (90.3% vs. 45.4%, p < 0.001) and success rate
(86.4% vs. 55.7%, p < 0.001). Also, less relapsing of S. aureus (3.9% vs.
15.5%, p = 0.007) and fewer deaths (3.9% vs. 18.6%, p < 0.001) were found in
patients managed at outpatient.

Ibrahim et al. (2019) found that managing at outpatient had longer therapy
courses (mean 25.4 vs. 13.5 days, p < 0.001), high rates of completing

management (90.3% vs. 45.4%, p<0.001), and success rate (86.4% vs. 55.7%,
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p < 0.001). Also, less relapsing of S. aureus (3.9% vs. 15.5%, p < 0.007) and
fewer deaths (3.9% vs. 18.6%, p < 0.001) were found in patients managed at
outpatient.

Stovroff et al. (1994) found that home-based antimicrobial therapy was cost-
effective and satisfactory to both patients and their families. The safety and
efficacy of home-based OPAT was similar to that of hospital-based treatment.
The patients receiving treatment in hospital required placement of more than
five IV catheters during their hospitalisation. In contrast, the peripheral 1V
central catheter (PICC) lines were successfully placed in patients receiving
treatment at home, and no further IV access was necessary (p = 0.001). There
were no complications from the PICC lines. Neither group experienced
recurrent infections nor required hospital readmission. The patients' and
families' acceptance of the PICC line concept was unanimously favourable.
Rehm et al. (2009) found that patients managed at outpatient had longer
therapy courses (mean 25.4 vs. 13.5 days, p < 0.001), high rates of for
completing management (90.3% vs. 45.4%, p < 0.001) and good success rate
(86.4% vs. 55.7%, p < 0.001). The authors also found that patients had less
relapsing of S. aureus (3.9% vs. 15.5%, p < 0.007) and fewer deaths (3.9% vs.
18.6%, p < 0.001) in patients managed at outpatient settings. These findings
were inline with Raisch et al. (2003) and Orme et al. (2014) finding that febrile
neutropenia patients were better managed in an outpatient setting than
hospitalisation.

The management of cellulitis in hospital and homecare settings were studied by
Ibrahim et al. (2015 and 2016). The authors used retrospective data to compare
outcome for homecare setting as against hospital looking at treatment failure,

cure rate, hospital readmission after treatment completion and complications.
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The authors found that these outcomes were not different between the two
settings.

Fishman et al. (2000) studied appendicitis patients and Hensey et al. (2017 and
2017b) studied pyelonephritis and meningitis patients, comparing homecare
patients vs. hospital patients measuring disease complications. The authors
found that patients in the homecare settings had fewer complications of disease
compared to patients managed within the hospital settings.

Proesmans et al. (2009), studied one hundred and thirty-one treatment
observations (TOs) and analysed for 47 patients. The mean FEV1 65 (£19) %
predicted. Fifty-four (41%) TO's were home and 77 (59%) were hospital
treatments. Percent change in FEV1 and weight gain was comparable in the 2
settings. Complications were rare in both groups. The outcome of IV-AB
therapy for lung infection in children with CF was not inferior in the home setting
when compared to the hospital setting. Therefore, home antibiotics treatment is
a valuable treatment option for children with CF.

Biondo et al. (2014), studied outpatient vs. hospitalisation management for
uncomplicated diverticulitis: a prospective, multicentre randomized clinical trial
(DIVER Trial) measuring cure rate and readmission after completion of therapy.
A total of 132 patients were randomised: 4 patients in hospital setting and 3
patients in homecare setting presented treatment failure without differences
between the groups (p = 0.619). The overall health care cost per episode was 3
times lower in homecare setting, with savings of €1124.70 per patient. No

differences were observed between the groups in terms of quality of life.
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7.3.5 Meta-analysis of the measured outcomes

7.3.5.1 Clinical Outcome achieved by injectable antibiotics administered at
home or in the hospital managing infections.

7.3.5.1.1 Cure as an end point

The pooled effect estimate of 4 studies (Biondo et al., 2014; Ibrahim et al.,
2019; Rehm et al., 2009; Termoz et al., 2008), showed low heterogeneity (p <
0.27, 12 = 21%). There was no statistically significant difference (Figure 43, FE)

between the intervention group and the control group (p = 0.21).

Antibiotics at home  Antibiotics in hospital Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Biondo etal, 2014 30 35 34 35 BS% 0.181[0.02, 1.80] -
Ibrahim et al., 2019 ar 93 49 95 39.0% 0.62[0.35 1.11] —&T
Rehrr etal., 2009 43 103 38 97 305% 1.11 [0.63, 1.96] —f
Tetrnoz et al., 2008 51 102 27 51 24.0% 0.891[0.45 1.74] —
Total {95% CI) 333 278 100.0%  0.81[0.57,1.13] &
Total events 161 148

ity: Chif= = = R= I t t |
L

- : : Antibiotics athome Antibictics in hospital

Figure 43: Fixed model, successful treatment(cure) after injectable antibiotics.
Intervention: Injectable antibiotics at home, Control: Injectable antibiotics at hospital, Event: Clinical
endpoint achieved (cure).

The RE model (Figure 44) shows no statistically significant difference between
intervention and the control group (p = 0.30). Included studies maintained the
same low heterogeneity (p < 0.27, 12 = 24%). The OR is <1 (0.81 - 0.53, 1.22)
indicating that the exposure to injectable antibiotics was associated with lower

odds of outcome (cure).

Antibiotics at home  Antibiotics in hospital Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Eiondo et al, 2014 il 35 34 34 34% 0.181[0.02,1.60] - 1
Ibrahim etal., 2019 v 93 49 95 340% 062 [0.35,1.11] ——
Rehmetal., 2009 43 103 38 97 351% 1.11 [0.63, 1.96] ——
Termoz et al., 2008 51 102 27 51 275% 0.89[0.45 1.74] — &
Total (95% Cl) 333 278 100.0% 0.81 [0.53,1.22] e 3
Total events 161 148
Heterogeneity; Tau?= 0.04; Chi*= 3.95, df= 3 (P = 0.27); F= 24% In o 0’1 1’0 100’
Testfor overall effect 2=1.03 (= 0.30) Antibiotics at home ~ Antibiotics in hospital

Figure 44: Random model, successful treatment(cure) after injectable antibiotics.
Intervention: Injectable antibiotics at home, Control: Injectable antibiotics at hospital, Event: Clinical
endpoint achieved (cure).
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7.3.5.1.1 Treatment Failure as an end point

The pooled effect estimate of 6 studies (Biondo et al., 2014; Ibrahim et al.,
2015; Ibrahim et al., 2016; Orme et al., 2014, Raisch et al., 2003; Stovroff et al.,
1994), showed moderate heterogeneity (p = 0.01, 12 = 65%). There was no
statistically significant difference (Figure 45, FE) between the intervention group

and the control group (p = 0.48).

Home Antibiotics  Hospital Antibiotics (Odds Ratio (Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Biondo et al., 2014 4 A 3 B 16.4% 1.35[0.29, 6.30] e
Ibrahim etal, 2015 2 41 7 38 403% 0.23[0.04,1.17] — &
Ibrahitn etal, 2016 7 41 1 103 28% 21.00[2.49 176.88] _—
Orme etal, 2014 G 149 3 18 123% 23110048 11.17] I e —
Raisch et al, 2003 1 36 2 7 130% 0.36 [0.03, 4.186]
Stovroff et al, 1994 1 8 3 8 153% 0.24[0.02, 3.01]
Tatal (95% CI) 21 260 100.0% 1.26 [0.67, 2.37] e
Tatal events 1 19
Heterogeneity Chif= 1413, df=5 (P =0.01), F=65% f t t |
Testfo?wergll effect £=0.71 (P:(D.da) : oo 01 e - 1-0- . 100
Home Antibiotics Hospital Antibiotics

Figure 45: Fixed model, treatment failure after injectable antibiotics.
Intervention: Injectable antibiotics at home, Control: Injectable antibiotics at hospital, Event: Clinical
endpoint not achieved (treatment failure).

The RE model (Figure 46) shows no statistically significant difference between
intervention and the control group (p = 0.90). Included studies maintained the
same moderate heterogeneity (p = 0.01, 12 = 65%). The OR is >1 (1.09 - 0.29,
4.04) indicating that the exposure to injectable antibiotics was associated with

higher odds of outcome (treatment failure).

Home Antibiotics  Hospital Antibiotics Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Biondoetal,, 2014 4 66 3 66 19.4% 1.35[0.29, 6.30] —
lbrahirm etal, 2015 2 41 7 | 187% 0.23[0.04,1.17] —
lbrahim etal, 2016 7 41 1 103 1486%  21.00[2.48 17688 —_—
Orme etal, 2014 G 19 K] 18 192% 23110048, 11.137) I e —
Raischetal, 2003 1 36 2 27 13T% 0.36 [0.03, 4.16]
Stovraffet al, 1994 1 a 3 8 133% 0.24 [0.02, 3.01]
Total (95% Cl) 21 260 100.0% 1.09 [0.29, 4.04] "*"
Tatal events 21 19
Heterogeneity; Tau®=1.69; Chi*=14.13, df= 5 (P = 0.013; F= 65% ID.D1 0?1 150 1E|D=
Testfor overall effect 2= 013 (P = 0.80) Home Antibiotics Hospital Antibiotics

Figure 46: Random model, treatment failure after injectable antibiotics.
Intervention: Injectable antibiotics at home, Control: Injectable antibiotics at hospital, Event: Clinical
endpoint not achieved (treatment failure).
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7.3.5.2 Hospital admissions during or after treatment by injectable
antibiotics administered at home or in the hospital managing infections.
7.3.5.2.1 Readmission to hospital after treatment completion

The pooled effect estimate of 6 studies (Fishman et al., 2000; Hensey et al.,
2017; Hensey et al., 2017b; Ibrahim et al., 2015; Ibrahim et al., 2016; Orme et
al., 2014; Stovroff et al., 1994), showed low heterogeneity (p = 0.29, 12 = 20%).
There was no statistically significant difference (Figure 47, FE) between the

intervention group and the control group (p = 0.35).

Home Antibiotice  Hospital Antibiotics Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fishran et al, 2000 4 52 5 98  36.0% 1.55[0.40, 6.04] —
Hensey et al, 2017 1 12 3 115 156% 1.22[0.14,10.64] I 1 —
Hensey et al, 2017k 2 29 2 15 276% 0.48 [0.06, 3.81] e E—
Ibrahim et al, 2015 0 41 1 35 17.9% 0.28[0.01,7.02]
Ibrahim et al, 2016 3 41 0 103 3.0% 18.82[0.95, 37279 —
Stowroff et al, 1994 1] g 1] 8 Mat estimahle
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Figure 47: Fixed model, hospital admission after injectable antibiotics.
Intervention: Injectable antibiotics at home, Control: Injectable antibiotics at hospital, Event: hospital
admission after treatment completion.

The RE model (Figure 48) shows no statistically significant difference between
intervention and the control group (p = 0.64). Included studies maintained the
same low heterogeneity (p = 0.29, 12 = 20%). The OR is >1 (1.09 - 0.44, 3.78)
indicating that the exposure to injectable antibiotics was associated with higher

odds of outcome (readmission to hospital after treatment completion).

Home Antibiotics Hospital Antibiotics Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Fishman et al, 2000 4 52 ] 98 38.1% 1.85[0.40, 6.04] —
Hensey etal, 2017 1 12 g 115 19.6% 1.22 [0.14, 10.64] N
Hensey etal, 2017h 2 29 2 15 211% 0.48 [0.06, 3.81] e e E—
Ibrahim et al, 2014 a 41 1 35 9.49% 0.28 [0.01, 7.02]
Ibrahim etal, 2016 3 41 o 103 11.4% 18.82 [0.95, 372.749] =+
Stovroff et al, 1994 1] a8 1] 8 Mot estimahle
Total (95% CI) 183 374 100.0% 1.29 [0.44, 3.78] i
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Heterogeneity: Tau‘:.D.BD, Chi*=499 df=4 {P=029); F=20% o o1 1 100
Testfor overall efiect Z= 0.47 (P = 0.64) Home Antibiotics Hospital Antibiotics

Figure 48: Random model, hospital admission after injectable antibiotics.
Intervention: Injectable antibiotics at home, Control: Injectable antibiotics at hospital, Event: hospital
admission after treatment completion.
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7.3.5.2.2 Readmission to hospital during treatment

The pooled effect estimate of 2 studies (Ibrahim et al., 2015; Orme et al., 2014),
showed low heterogeneity (p = 0.95, 12 = 0%). There was no statistically
significant difference (Figure 49, FE) between the intervention group and the

control group (p = 0.99).

Home Antibiotics Hospital Antibiotics Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
lbrahim et al, 2015 1 41 1 38 526%  0893[0.06 15.33]
Orme etal, 2014 1 17 1 18 474% 1.06[0.06, 18.45]
Total (95% CI) 58 56 100.0% 0.99[0.13,7.33]
Total events 2 2
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Figure 49: Fixed model, hospital admission during after injectable antibiotics..
Intervention: Injectable antibiotics at home, Control: Injectable antibiotics at hospital, Event: hospital
admission during treatment.

The RE model (Figure 50) shows no statistically significant difference between
intervention and the control group (p = 0.99). Included studies maintained the
same low heterogeneity (p = 0.29, 12 =0%). The OR is just <1 (0.99 - 0.13,
7.33) indicating that the exposure to injectable antibiotics does not affect the

odds of outcome (readmission to hospital during treatment).

Home Antibiotics  Hospital Antibiotics Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ibrahim etal, 2015 1 41 1 38 50.8% 0.3 [0.08,15.33]
Orme etal, 2014 1 17 1 18 49.2% 1.06 [0.06, 18.45]
Tatal {95% CI) 58 56 100.0% 0.99 [0.13,7.33]
Total events 2 2
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Figure 50: Random model, for hospital admission during treatment.
Intervention: Injectable antibiotics at home, Control: Injectable antibiotics at hospital, Event: hospital
admission during treatment.

7.3.5.3 Hospital admissions during or after treatment by injectable
antibiotics administered at home or in the hospital managing infections.
7.3.5.3.1 Disease complication during treatment

The pooled effect estimate of 6 studies (Aimonino Ricauda et al., 2008;
Fishman et al., 2000; Hernandez et al., 2003; Proesmans et al., 2009; Stovroff

et al., 1994, Vianello et al., 2013), showed low heterogeneity (p = 0.79, 12 = 0%).
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There was no statistically significant difference (Figure 51, FE) between the

intervention group and the control group (p = 0.76).

Home Antibioti Hospital Antibioti Odds Ratio Odds Ratio
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Figure 51: Fixed model, disease complication during treatment.
Intervention: Injectable antibiotics at home, Control: Injectable antibiotics at hospital, Event: Disease
complication during treatment.

The RE model (Figure 52) shows no statistically significant difference between
intervention and the control group (p = 0.77). Included studies maintained the
same low heterogeneity (p = 0.79, 12=0%). The OR is <1 (0.90 - 0.46, 1.79)
indicating that the exposure to injectable antibiotics was associated with lower

odds of outcome (disease complication during treatment).

Home Antibiotics Hospital Antibiotics Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Total (95% CI} 192 262 100.0% 0.90 [0.46, 1.79] .
Total events 17 22
Heterogeneity: Tau®=0.00; Chi*=1.04, df= 3 {P = 0.79); F=0% I t t {
Testforgoverglleﬁect:Z:Dl.ZQ (P:D.?TI) ( g 0.01 0.1 10 100
Home Antibiotics Hospital Antibiotics

Figure 52: Random model, disease complication during treatment.
Intervention: Injectable antibiotics at home, Control: Injectable antibiotics at hospital, Event: Disease
complication during treatment.

7.3.5.3.1 Mild-moderate side effects due to injectable antibiotics administration
The pooled effect estimate of 9 studies (Aimonino Ricauda et al., 2008; Biondo
et al., 2014; Hernandez et al., 2003; Ibrahim et al., 2015; Ibrahim et al., 2016;
Orme et al., 2014; Proesmans et al., 2009; Stovroff et al., 1994; Termoz et al.,
2008; Vianello et al., 2013), showed low heterogeneity (p = 0.92, 12 = 0%).
There was no statistically significant difference (Figure 53, FE) between the

intervention group and the control group (p = 0.15).
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Home Antibiotics  Hospital Antibiotics Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
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Figure 53: Fixed model, mild-moderate side effects due to injectable antibiotics administration.
Intervention: Injectable antibiotics at home, Control: Injectable antibiotics at hospital, Event: Mild-Moderate
side effects due to injectable antibiotics administration.

The RE model (Figure 54) shows no statistically significant difference between
intervention and the control group (p = 0.15). Included studies maintained the
same low heterogeneity (p = 0.92, I12=0%). The OR is <1 (0.70 - 0.43, 1.14)
indicating that the exposure to injectable antibiotics was associated with lower

odds of outcome (mild-moderate side effects).

Home Antibiotics Hospital Antibiotics Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Aimonino Ricauda etal., 2008 3 a2 2 a2 T2% 1.63[0.25, 9.56]
Biondo et al, 2014 1 4 1 3 2.2% 0.67 [0.02,18.08]
Hernandez et al., 2003 23 11 26 101 60.0% 0.68 [0.36,1.28] —
lbrahim et al, 2015 0 41 1 38 2.3% 0.30 [0.01, 7.62]
Ibrahim et al, 2016 1] 41 1] 103 Mot estimable
Orme etal, 2014 1] 17 1] 18 Mot estimable
FProesmans et al, 2009 2 44 2 i B.1% 1.44 [0.20,10.57] |
Stovroff et al, 1994 1 g 1 g 2.8% 1.00[0.05, 19.36]
Wianello et al, 2013 g 26 13 27 19.3% 0.48[0.16,1.47] e
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Figure 54: Random model, mild-moderate side effects due to injectable antibiotics administration.
Intervention: Injectable antibiotics at home, Control: Injectable antibiotics at hospital, Event: Mild-Moderate
side effects due to injectable antibiotics administration.

7.3.6 Risk of bias

According to the Cochrane risk of bias tool, most of included studies showed a
low risk of bias regarding random allocation sequence, allocation concealment,
blinding of participants, personnel and outcomes, incomplete data. The risk of

bias graph (Figure 55) and risk of bias summary of the studies (Figure 56).
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Figure 55: Risk of bias graph for injectable antibiotics studies.

All eligible studies achieved greater than 50% score of low RoB which is
indicative of their high quality and similarity, making them suitable for inclusion
in the meta-analysis. The risk of bias informs interpretation of the heterogeneity
assessment in the meta-analysis but does not indicate that the study should be

excluded to prevent the systematic review findings bias.
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Figure 56: Risk of bias summary for injectable antibiotics studies.

7.3.7 Number needed to treat (NNT) or harm (NNH) calculation

7.3.7.1 NNT for Clinical endpoint (cure) as an outcome

Intervention: 161/333 = 0.483

Control: 148/278 = 0.532

ARR =0.483 - 0.532 =-0.049

NNT = 1/0.049 = 20.4

Therefore for every 20-21 patients received the intervention (treated at home)
one additional patient will be cured compared to control group (treated in

hospital).
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7.3.7.2 NNH for treatment failure as an outcome

Intervention: 21/211 = 0.100

Control: 19/260 = 0.073

ARR =0.100 - 0.073 = 0.027

NNH would be 1/0.05 = 20. Therefore, every 20 patients treated with the
intervention, one additional patient would experience treatment failure as
compared to the control group.

7.3.7.3 NNH for readmission to hospital after treatment completion as an
outcome

Intervention: 10/183 = 0.055

Control: 16/374 = 0.043

ARR =0.055 - 0.043 =0.012

NNH would be 1/0.012 = 83. Therefore, every 83 patients treated with the
intervention, one additional patient would be admitted to hospital after the
completion of the antibiotic course as compared to the control group.

5.3.7.4 NNH for readmission to hospital during treatment as an outcome
Intervention: 5/58 = 0.034

Control: 2/56 = 0.036

ARR =0.034 - 0.036 = -0.002

ARR would be 1/0.002 = 500. Therefore, NNH is 500, i.e. every 500 patients
treated with the intervention, one additional patient would be admitted to
hospital during the treatment with antibiotic course as compared to the control
group.

7.3.7.5 NNH for due to disease complication during treatment as an
outcome

Intervention: 17/192 = 0.088
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Control: 22/262 = 0.084

ARR =0.088 - 0.084 = 0.004

ARR would be 1/0.004 = 250. Therefore, NNH is 250, i.e. every 250 patients
treated with the intervention, one additional patient would experience disease
related complications during the treatment as compared to the control group.
7.3.7.6 NNH for mild-moderate side effects due to injectable antibiotics
administration as an outcome

Intervention: 38/364 = 0.104

Control: 48/427 = 0.112

ARR =0.104 - 0.112 = -0.008

ARR would be 1/0.008 = 125. Therefore, NNH is 125, i.e. every 125 patients
treated with the intervention, one additional patient would be harmed as
compared to the control group. This indicate that possible harm caused by the
use of injectable antibiotics at both home and hospital exists, but it does not
negate their use when required.

7.4 Review discussion

This systematic review compared homecare and hospital care infection
management with injectable antibiotics. The preference of hospital
management versus home management for injectable antibiotics depended on
the case presentation for the patients. Cystic fibrosis is a disease involving
different body organs that produce mucous such as the lung, which is
considered the most affected organ (Guggino and Banks-Schlegel, 2004). This
disease happens due to CFTR gene mutation, which leads to this disease's
development (Griese et al., 2008). From quality review of the primary data
literature, it was found that management with injectable antibiotics for cystic

fibrosis is reported to be more suited to homecare management due to
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improved FEV1 (10.2% vs. 9.5%) and FVC (7.3% vs. 6.8%) and reduced
exposure to infection. FEV1 and FVC were considered the indicators that
showed improvement for cystic fibrosis (Termoz et al., 2008). This review found
that the efficacy of antibiotics (cure as an endpoint) favoured homecare over
hospital care, however the difference was statistically not significant (p = 0.30).
Another disease is tuberculosis which is considered a serious disease with a
high incidence rate estimated at more than 10.5 million new cases in 2015
(Churchyard et al., 2017). Treatment of tuberculosis constitutes several
treatment regimens, and treatment with an injectable at home showed multiple
advantages for the patients, including a good environment, social interactions
with people, and less cost for the treatment compared with the hospital (Cohen
et al., 2018).

Regarding cellulitis, an infection that affects layers of the skin (Raff and
Kroshinsky, 2016), this review showed no difference in treatment failure
between hospital and home treatment with injectable antibiotics (p = 0.90).
However, adverse events were found less in a home group than in a hospital
(two cases [2%] vs. 10 cases [11%]; p = 0.048). Also, other secondary
outcomes such as length of stay in the emergency department, Ibrahim et al.
(2015, 2016, 2019) found that cellulitis stopped spreading within 24 hours, cost-
effectiveness, and quality of life outcomes were favourable for management at
home.

Lastly, this review discussed the difference in bacteraemia with or without
infective endocarditis (Stockmann et al., 2014). Rehm et al. (2009) showed that
patients being managed at outpatient had longer therapy courses (mean 25.4
vs. 13.5 days, p < 0.001), high rates of completing management (90.3% vs.

45.4%, p < 0.001), and success rate (86.4% vs. 55.7%, p < 0.001) compared
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with hospital management. In addition to low relapsing for S. aureus and death
from bacteraemia. These findings favoured the treatment in outpatients due to
its several benefits over hospital inpatient management with injectable
antibiotics.

This systematic review found that hospital admission after completion of
therapy (p = 0.64) or during the treatment (p = 0.99), while statistically not
significantly different between the two setting, it remained appearing to favour
the home setting over the hospital setting where less people were admitted to
hospital from home setting. However, complications were less, and better
managed, at the hospital setting than home setting regardless of being disease
related (p = 0.77) or drug related (p = 0.15), but the difference between the two
setting was not statistically significant.

The findings from this systematic review are supported by a previous systematic
review by Sriskandarajah et al. (2018). The authors found more than 88% of the
studies reported less hospital admissions in the at home group (5% of patients)
than the hospital group (25% patients) this review found that hospital admission
after completion of treatment as 5.5% for home and 4.5% for hospital and
during treatment as 3.5% for home and 3.6% for the hospital group, which
showed less significant difference between the two settings compared to
Sriskandarajah et al. (2018) who concluded that home setting was more
favourable. Complications due to condition was also reported by the authors as
2% for home and 21% for hospital, in this review it was found that 8.9% for
home and 8.4% demonstrating less significant difference between the two
settings compared to Sriskandarajah et al. (2018) favouring home setting. Side
effects due to the used injectable antibiotics was reported by the authors as 2%

for home and 21% for hospital, in this review it was found that the events were
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10.5% for home and 11.3% for hospital which agreed with Sriskandarajah et al.
(2018) findings. Sriskandarajah et al. (2018) reported on mortality as being 4%
for home and 12% for hospital favouring home setting, however this review
could not measure this outcome as it was not reported in the selected studies.
This review reported on cure (48.3% for home, 53% for hospital) and treatment
failure (10% for home, 7.3% for hospital) favouring hospital setting, which was
not reported on by Sriskandarajah et al. (2018). Besides these strengths, this
study had several limitations, such as scarcity of available studies and the low
number of participants across studies. Lastly, different outcomes and disease
presentations were included in this study, which may impact the statistical
significance of the findings.

7.5 Review conclusion

This systematic review found a difference in management with injectable
antibiotics in the hospital vs. at home, however the differences were statistically
not significant in all measured outcomes. The limited published data in this field
was a limitation of this review. Further studies should compare hospital and
home management with injectable antibiotics for single condition and by
participants age and ability to self-care to achieve more precise findings,
however this will require the new studies collecting primary data to have agreed
on measured outcomes and definitions of the endpoints of those outcomes to

make them useful for future systematic reviews.
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Chapter VIlI- General limitation, conclusion and
recommendations

8.1 Study Limitations

One of the study's limitations is utilising a wide sample of participants. Due to
this approach, this research cannot conclude the impact of self-management in-
home care based on factors such as gender or age. The inherent subjectivity in
quality evaluations is another significant drawback of this research. This was
mitigated by establishing clear and objective standards.

There was a preponderance of studies from the USA compared to the UK and
Europe. This can be due to two factors; the different health funding model
between the USA (private health insurance) and UK (NHS) which has driven
strong cost effectiveness research and consequently that hospital in the home
principles developed in the USA earlier and more rapidly than in the UK or
Europe.

Finally, it cannot be ruled out that further scanning of databases, and access to
translation services may have yielded more articles. Despite efforts to reduce
variability by selecting studies with specified intervention components, some
heterogeneity was identified. This review's modest number of papers prevents a
more in-depth analysis of heterogeneity. Inclusion of different study designs
was a limitation for getting quality data to do the analysis and inability to
translate studies which are not published in English as the study did not attract
any external fundings. To account for this heterogeneity, random-effects model
was used.

8.2 Conclusion

This thesis consists of five systematic reviews and a meta-analyses

investigating two injectable treatment modalities investigated for their

191



effectiveness and safety. First, the effectiveness and safety of injectable
biologics in patients with IBD, RA and psoriasis was investigated and patients’
preference between home management and hospital management was
assessed. Secondly, injectable antibiotics' efficacy between home management
and hospital management for managing infection were assessed. The two
investigations have been instrumental in providing answers to the questions
posited by this research.

As earlier established in the reviewed literature, self-care and treatment in the
home is an important and intrinsic component of medical treatment, and
patients who practice self-management have been found to have significantly
improved medical outcomes, with fewer hospitalisation episodes, improved
quality of life, less disturbance to everyday living and higher survival rate.
However, the literature also reported that an effective self-management support
system has been met with challenges, mainly due to the diversity of patients
and chronic illnesses and a lack of a unified approach to preparation and
training of patients to prepare them to undertake self-care. As a result, some
patients might be effective in taking full responsibility to administer their
treatment and make the required dietary and lifestyle changes, others may
require support to administer their medicines only and some may only need
support with their dietary and lifestyle changes. To understand the utility of this
care setting, injectable antibiotics, which requires learning injecting technique,
ability and willingness to self-inject, was investigated and compared to hospital
management.

This systematic review investigated the use of injectable biologics in the
treatment of UC/CD, RA and psoriasis, then explored patients’ preference

between home management and hospital management. Recently, the use of
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biologics therapies became the mainstream treatment option for many diseases
including autoimmune conditions, with more than 35% of recently approved
drugs being biologics. Death in the injectables biologics treatment group was
higher than the control group in IBD, and RA but it was not possible to calculate
in psoriasis as it was not reported (p = 0.91 and 0.24 respectively) but not
statistically significant. Severe side effects were similar for RA patients (p =
0.98) but different for IBD patients (p < 0.001) and psoriasis patients (p = 0.02).
However, mild-moderate side effects events were not statistically significantly
different between biologics and control groups for IBD, RA and psoriasis (p =
0.29, p = 0.48, p = 0.17 respectively). When reported on disease clinical
remission failure, home setting was more favourable and statistically
significantly different compared to control group for IBD, RA and psoriasis (p =
0.02, p <0.001, p = 0.01 respectively). Lastly, patients’ preference was slightly
statistically significantly different between SC injections at home and IV
injections/infusions in hospital (p = 0.05).

Previous studies compared the effect between at home vs. in hospital
management with injectable antibiotics for different infectious diseases.
However, very few previous systematic reviews were conducted to collate those
small studies to understand the impact of the treatment setting on larger sample
of patients and in the UK. Therefore, this study aimed to assess the
effectiveness of at home treatment with injectable antibiotics vs. in hospital
management for a range of infectious diseases. There was no statistical
differences between the at home administration vs. in hospital in the measured
outcomes (p = 0.30 for cure, p = 0,48 for treatment failure, p = 0.64 for
admission to hospital after the completion of the treatment course and p = 0.99

for hospital admission during treatment, p = 0.77 for hospital re-admission due
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to disease complications and p = 0.15 for mild-moderate side effects). Closer

analysis of the outcomes and particularly the complications in the individual

studies will provide information to improve training, preparation and support

strategies for home patients to further optimise outcomes. Additionally, it is

worth noting that the preference of hospital management vs. home

management for injectable antibiotics is highly dependent upon the severity of

the infection and the complexity of the antibiotics therapy.

In conclusion, injectable biologics and antibiotics can be trusted in the hands of

patients who understand the requirements of their administration of in-home

care.

8.3 Recommendations

1.

Home-based self-care and self-administration of injectables is a viable
option for a wide range of patients who would previously have been
treated in a hospital setting, as long as they are trained on the injection
technique and have access to the suitable support for when and if
complications arise.

Disease related complications and medication related complications are
possible for both settings, however the immediate access to medical and
nursing support in hospital setting make their physical and emotional
impact less for the patient, this can be mitigated by improving the support
provision for patients self-administering at home, which warrants further
research.

Standardised research protocols and definitions for the measured
outcomes, will allow better future systematic reviews which investigating
patients’ preference between home and hospital setting and reduce the

heterogeneity of the included studies.

194



Future studies should report outcomes separately, not grouped, to allow
the identification of the actual cause of harm and the actual enablers of
successful therapy, which will in turn enable better future systematic

reviews.
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