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Summary

Psoriasis has considerable impact on the quality of life (QoL) not only of patients but also of their
relatives. This impact is as important to consider as clinical parameters in the management of
psoriasis. This thesis aims to evaluate current practices in QoL measurement and devise new

solutions to improve these processes, to benefit patients, clinicians and policy makers.

The systematic review describing data from 100 psoriasis randomised controlled trials (33 topical, 18
systemic small molecules, 39 biologics and 19 other interventions) in 33,215 subjects highlights that
QoL assessment is integral to the assessment of new therapies and to the management of psoriasis.
Amongst a variety of generic and disease-specific measures, the Dermatology Life Quality Index
(DLQYI) is the most commonly utilised QoL tool, though there is heterogeneity in its reporting and
analysis. The Minimal Important Clinical Difference (MCID) is an essential baseline in determining
treatment efficacy, particularly across measures, but remains grossly under-utilised. This thesis

proposes a novel M&hbéptasfwélmul as ptecommendati ons

In order to address some of these identified recommendations, an electronic version of the DLQI has
been validated for the first time using International Society for Pharmacoeconomics and Outcomes
Research (ISPOR) guidelines (n=104). The electronic version was scored equivalently to the paper
counterpart, was preferred by majority of patients (76%) and provided advantages such as cost-
efficiency, quicker completion times and more accurate data analysis. The electronic Psoriasis Area
Severity Index (PASI) was also validated demonstrating reduced inter-rater variability. Electronic use of
these measures would help standardise QoL measurement and propel psoriasis management into the

digital era.

Whilst QoL information is invaluable for clinical decision-making, generic measures are utilised by
healthcare policy-makers for resource allocation. This is not always representative of the impact
revealed by disease-specific QoL measures. In order to solve this dilemma, the DLQI was mapped to
EQ-5D to generate utility values using ordinal logistic regression (OLR) from a dataset of 4,010
patients. This sample size was large enough to allow it to be splitin half to perform external and
internal validity. Where previous methods have failed, the OLR mapping method successfully allowed
the conversion of DLQI scores to utility values for large cohorts of patients, using split half validation
and Monte Carlo Simulation. This has the potential to be very useful in economic appraisals of any skin

disease, including psoriasis.

By standardising QoL measurement, validating its electronic data capture and translating this
information into meaningful healthy utility information, it is hoped this work further consolidates the

central role of QoL assessment in psoriasis.
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Chapter 1 General Introduction



1.1 Background

1.1.1 Brief overview of the three studies

The focus of this PhD thesis is centred around recognising the importance of quality of life
(QoL) assessment in psoriasis sufferers and the development of novel strategies in
supporting improvements in patient wellbeing and clinical outcome. The thesis is comprised
of three separate studies covering key QoL domains that were feltto be central to psoriasis
management including: QoL reporting in psoriasis randomised controlled trials (RCTSs);
validating relevant electronic patient reported outcome measures (PROMS) in a clinical
setting and deriving generic economic data from dermatology-specific PROMs.

In brief, a summarised overview of the three parts of this thesis is detailed below:

1) A systematic review to highlight current QoL reporting standards for psoriasis RCTs
and recommendations for researchers that may arise from this detailed analysis.

2) Electronic validation of the two most commonly reported outcome measures in
psoriasis: Psoriasis Area Severity Index (PASI) (Fredriksson and Pettersson 1978), a
clinical outcome measure, and the Dermatology Life Quality Index (DLQI).

3) A mapping study to devise a model to enable the derivation of utility values from the
most commonly used PROM in dermatology, the DLQI (Finlay and Khan 1994)

1122wk GA 2yt SLINERI YR K NKSISLINE | OK

The focus of this thesis is within the field of dermatology, though attempting to cover all major
skin diseases would prove to be a challenge. Therefore, this work will be centred in particular
around psoriasis given its recognition as a major global health problem by the World Health
Organization (WHO) affecting up to 4% of the worldwide population (Organization 2019).
Along with significant impact on QoL (Langley et al. 2005), psoriasis is now considered a
systemic disease and has been associated with the metabolic syndrome (Cohen et al. 2008).
There is an increased prevalence of metabolic syndrome in psoriasis patients with a higher
body surface area involvement (Langan et al. 2012). Patients may also suffer with several
other comorbidities such as depression, psoriatic arthritis and other cardiovascular risks
(Heydendael et al. 2004; Takeshita et al. 2017) and these are further elaborated on in section
1.2.3.



The disease burden of psoriasis is considerable and far-reaching. For patients, the disease
may impact physical, social and emotional well-being (Krueger et al. 2001). However,
psoriasis patients do not suffer alone; partners, close family members and relatives inevitably
experience QoL impairment. This often results in extra housework, psychological pressures
including anxiety, embarrassment and lack of self-confidence, limitations to holiday plans,
and strained relationships with the patient and/or other family members (Eghlileb et al. 2007).

There are wider health economic implications: patients with severe disease incur increased
medical costs and often become less productive at work (Fowler et al. 2008). The presence
of comorbidities may further exacerbate this burden due to increased outpatients visits,
emergency visits and potential hospitalisation (Boehncke and Menter 2013).

For many decades, the management of psoriasis was limited to select topical and systemic
treatments with variable results (Basra and Hussain 2012). Non-responsive patients often
reached a ceiling of care, with no further options available. However, psoriasis management
has undergone a revolution with the advent of biologic treatment in the last two decades
(Singri et al. 2002). This was preceded a few years earlier by the creation of the DLQI in
1994, the first dermatology-specific quality of life measure (Finlay and Khan 1994). Though
many other QoL measures are available and have also been used in psoriasis trials, the
DLQI has become the preferential QoL tool (Bhosle et al. 2006). The similar timescale
between the introduction of biologics and the development of the DLQI may have contributed
towards its status as a key PROM to assess treatment efficacy alongside longer established
clinical measures such as the PASI (Fredriksson and Pettersson 1978). Furthermore, several
validation studies have shown the DLQI to be sensitive to change in clinical status for
psoriasis patients over time, further adding to its usefulness as an outcome measure
(Mazzotti et al. 2003; Lewis and Finlay 2004). Despite its limitations (which shall be discussed
later), the DLQI has become integral to several registries internationally and is a requirement
for assessing disease severity in the British Association of Dermatologists (BAD) guidelines
for biologic therapy for psoriasis (Smith et al. 2020), and in guidelines in many other countries
(Singh and Finlay 2020). Therefore, the assessment of QoL impairmentin psoriasis has
become synonymous with the use of the DLQI, which is the most widely used QoL measure
in psoriasis worldwide (Feldman and Krueger 2005).

Several challenges remain, however, in the way psoriasis QoL data is captured, reported and

consequently utilised in both clinical and research settings.



1.1.2.1Challenges of implementing quality of life measurement in practice

Giventhat QoL is central to managing psoriasis and influencing treatment decisions, it is
important that it is effectively and routinely captured in a clinical setting. The DLQI is a 10-
item questionnaire that takes around two minutes to complete on paper (Loo et al. 2003).
Despite this, in one study only 64% of patients completed the DLQI during consultations, and
in this study only a quarter of clinicians utilised these scores as part of their overall care
(Salek et al. 2007). The frequency with which the DLQI is used in routine dermatology
consultations is not known and there is likely to be wide variation within and between different
countries. Recent technological advances have somewhat countered these shortfalls by the
introduction of electronic PROMs (Deal et al. 2010; Bachinger et al. 2016) to facilitate more
efficient QoL data capture. Electronic data capture has several advantages over its paper
counterpart, naturally leading to an increase in this format being used over recent years
(Leidy and Vernon 2008). However, these versions are not routinely validated, raising
guestions as to whether the scores are truly comparable to the paper format (Coons et al.
2009). This also holds true with the DLQI as though it has been used electronically for years
no formal validation has yet been conducted in this format.

The PASI has become the gold standard for assessing clinical severity, though there are valid
criticisms regarding its complexity, lack of sensitivity and poor inter-rater agreement (Ashcroft
et al. 1998; Gourraud et al. 2012). The PASI is therefore an important part of any electronic
application for monitoring psoriasis treatment and disease progression. It is hoped that a
validated electronic application including both the DLQI and PASI would reassure users and
furtherencourageitsuse amongst clinicians and patients
advantages and acceptance (Saleh et al. 2002; Velikova et al. 2002).

There is a diverse range of QoL tools that are utilised in psoriasis RCTs ranging from generic
to disease-specific measures i each with their respective strengths and weaknesses (Bhosle
et al. 2006). This may result in confusion on which is the ideal measure to use, whilst creating
a heterogeneous dataset that cannot be directly compared. This posits several problems in
the standardisation of care to truly discriminate between treatment efficacies. It is therefore
crucial to identify current reporting practices in interventional trials for psoriasis to be able to
formulate suggestions and criteria by which QoL measurement may be standardised in the

future.

Whilst QoL measurement is invaluable for patients and cliniciansi i t s conver s4 on t
Adjusted Life Yearsd (QALYs) is the foundati or
for decision makers. The QALYSs, in turn, may be converted to utility values using a variety of
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methods (Szende and Schaefer 2006) allowing governing bodies to determine risk-benefit of
interventions across all health specialties. The QALYs are in fact the preferential measure of

benefit for health organisations such as the National Institute for Health and Care Excellence

(NICE). Generic measures such as the EQ-5D (EuroQol five-dimensions scale) are often

used for generating health utility data. However, generic measures are intrinsically designed

to be used across all medical conditions for cross-specialty comparison of cost-benefit and

therefore their ability to truly capture skin-disease-specific QoL impairment is debatable:

dermatology subjects were not considered in the creation of the EQ-5D. In response to this,

ef forts have been nspatiic measuresd (m@ PLEYI) © peaerid neebstirgs

(e.g. EQ-5D), though previously without much success (Currie and Conway 2007; Blome et

al. 2013). TheNI CE def i nes mapping as O0the devel opmen
predict utility values using dat dLongworthcabdh er i n
Rowen 2011). If attainable, such an algorithm would allow more accurate and specialty -

specific utility values to be calculated, thereby providing true health status data from optimally
designed PROMs with high sensitivity to change.

1.1.2.2Quality of life as a common thread to improve psoriasis management

The three studies that form this thesis arise after examining the aforementioned challenges in
a bid to improve the overall management of psoriasis patients i from patient to healthcare
decision makers. The DLQI also becomes a central subject of this thesis given its integral role
in psoriasis management, whilst also continuing to be the most utilised PROM across all
dermatology diseases worldwide (Basra et al. 2008a).

Firstly, a systematic review will be designed and conducted to identify current QoL

measurement and reporting standards in psoriasis RCTs. This would also highlight the most

commonly used PROMSs in psoriasis trials. Secondly, a study to validate an electronic version

of the DLQI and PASI could potentially improve QoL and disease severity reporting in clinical
consultations as well as research settings, whilst also alleviating concerns of certain users
regarding the formatdés validity. Lastly, the t
algorithm to generate EQ-5D utility values from the DLQI, given the strong conceptual overlap

between the two measures (Longworth and Rowen 2011). This could significantly impact how
healthcare authorities allocate resources towards the management of psoriasis as the DLQI

is able to generate more meaningful data for economic analysis.



The overall aim of this thesis will thereby be to improve upon current practices within the
management of psoriasis, to ultimately generate suggestions and frameworks to guide
clinicians and researchers in the future.

1.2 Psoriasis

1.2.1 Background

Psoriasis is a chronic inflammatory relapsing-remitting skin condition that is defined by thick
silvery scaly plaques that commonly affect the extensor surfaces of the body, but may affect
any region including the scalp, nails and genitalia. The most common type is psoriasis
vulgaris contributing to up to 90% of the worldwide psoriasis prevalence (Deng et al. 2016).
More recent research has shown that psoriasis may in fact be considered a systemic
inflammatory condition and it has been linked to the metabolic syndrome associated with
cardiovascular disease, obesity, diabetes and other autoimmune conditions (Cohen et al.
2008). Furthermore, there is an overlap between the genetic loci for psoriasis and

infl ammatory bowel di seas e(Elinghaus gya. 2012).d hislmailt-
faceted aspect of psoriasis exacerbates the overall impact on QoL for patients, as well as
having significant financial implications for healthcare services (Menter et al. 2008a; Chern et
al. 2011). The prevalence of psoriasis is still not fully known but has been reported to range
from 0.91% (United States) to 8.5% (Norway), with the incidence ranging from 78.9/100,000
(United States) to 230/100,000 (Italy) per annum (Parisi et al. 2020). It also tends to be less
common in Asian and African populations compared to Caucasians and Scandinavians
(Parisi et al. 2020).

Joints may also be involved as an inflammatory seronegative spondyloarthropathy (psoriatic
arthritis, PsA) causing significant disability if left untreated (Ackermann and Kavanaugh
2008). The prevalence of PSA amongst psoriasis patients is not definitively known, but has
been reported to be between 6 - 42% (Hukuda et al. 2001; Ruderman and Tambar 2004). A
meta-analysis by Alinaghi et al. (2019) assessed nearly a million patients globally and found
the prevalence to be around 19.7%.

1.2.2 Pathophysiology

Genetics has a significant role in the onset of psoriasis, with many studies conducted on
families and twins demonstrating familial predisposition (Allione et al. 2015). Major

histocompatibility complex (MHC), human leukocyte antigen (HLA-C) and several genetic loci

6
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have been found to be linked to psoriasis. The HLA-cw6 allele on the PSORS1 gene is
perhaps the most important susceptibility locus to be found in psoriasis (Strange et al. 2010).

Histologically, the epidermis demonstrates irregular acanthosis, hyperplastic bloody vessels,
parakeratosis and inflammatory infiltrates including T calls, neutrophils, macrophages and
dendritic cells (Figure 1.1) ( Sc hyn et al . 2005; Rendon and Sch

Figure 1.1 Histological image of psoriasis demonstrating (A) parakeratosis (i), acanthosis (ii)
and dermal inflammation (iii) (B) neutrophilic infiltrates of pustular psoriasis (iv) (adapted from

Rendon and Schéakel (2019)). Permission granted for image use as in Appendix XXX.

(A) . - - e B j o » - - (B) >

Psoriasis is a T-cell driven autoimmune disease with abnormal innate and adaptive immune

responses (Harden et al. 2015). It is classed as a Thl disease, where the cutaneous infiltrate

consists mainly of memory effector CD45 cells (Vissers et al. 2004). There is usually some
formoftriggerit r auma, infection, drugs oirtisdtriesrs, p hvd:
whereby T-cells are activated and migrate in to the epidermis, cause hyperplasia due to

keratinocyte hyperproliferation (Flatz and Conrad 2013). As the epidermis actsastheb o dy 6 s
main defence to the external environment, this hyperplasia is a key component of the innate

immune response. Natural Killer T Cells and natural Killer cells are part of the subsequent

inflammation, as well as occasionally neutrophils, especially in pustular disease (Nickoloff

1999; Gaspari 2006). The initiation phaseisf ol | owed by a Omaintenance
the chronicity of the condition (Rendon and Schékel 2019). Streptococcal infections and the
creation of Osuperanti genso6 -bellactvatienlseeroin been st
psoriasis (Telfer et al. 1992).

Endogenous antimicrobial peptides and dendritic cells (in particular Langerhan cells, Xllla-
positive and plasmacytoid dendritic cells) also have a role in the development of psoriasis.
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Langerhan cells survey peripheral antigens and present them to T-cells in local draining
lymph nodes. This process is impaired in psoriasis suggesting that Langerhan cells may have
a crucial regulatory role in cutaneous immunity. Plasmactyoid dendriti ¢ cells produce
interferon-alpha which drive Thl responses in predisposed individuals leading to the
formation of plaques (Griffiths et al. 2005; Griffiths and Barker 2007). This further
consolidates the relationship between the innate and adaptive immune processes. A range of
cytokines are implicated and this area of expertise is rapidly evolving (Deng et al. 2016). IFN-
~ has been shown to play a part earlier on in the development of psoriasis, by inducing the
production of antimicrobial peptides, and promoting the release of cytokines such as
interleukin (IL)-1andIL-2 3. Tumour Necrosi s Factor (TNF)
as a major pro-inflammatory factor regulating the IL-23/Th17 axis, all of which have been
targets for biologic treatment (Deng et al. 2016).

Biopsies from psoriasis plagues demonstrate IL-17 mRNA (messenger ribonucleic acid),
which is produced by Th17 as well as various other innate immune cells such as mast cells
and neutrophils. Suppressing the IL-17 pathway has been shown to improve psoriasis
(Krueger et al. 2012).

IL-23 also plays a key role in the proliferation of Th17 cells, and has a strong relationship with
the levels of IL-17 (Stockinger and Veldhoen 2007). IL-23 facilitates keratinocyte proliferation
and therefore has a major role in the development of psoriatic plaques. IL-23 also shares a
sub-unit with IL-12, with both having a strong presence in psoriasis skin (Deng et al. 2016).
However, IL-23 levels tend to be higher and therefore IL-23 is believed to be the greater
driving force in psoriasis (Yawalkar et al. 2009). Other inflammatory agents are also
considered to be important players, including IL-9, IL-2 and CD8+ T-cells (Deng et al. 2016).

Therefore, the site of initiation of plaque psoriasis may be narrowed down to the TNF-a-IL-23-
Thl7 pathway/axis. A pro-inflammatory feedback loop is then established among
keratinocytes, immune cells, and components of the extracellular matrix (e.g., collagen),
leading to sustained, active skin inflammation. This cascade is best summarised in Figure
1.2
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Figure 1.2* The psoriasis pathway (Rendon and Schékel 2019). Permission granted for
image use as in Appendix XXX.
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*Diagram demonstrates the trigger factors in psoriasis and the subsequentr ol e of TNFU
major pro-inflammatory factor regulating the 1L-23/Th17 axis. IL-23 facilitates keratinocyte

proliferation and therefore has a major role in the development of psoriatic plaques through

barrier dysfunction and proliferation. Other inflammatory agents are also considered to be

important players, including IL-9, IL-2 and CD8+ T-cells.

The site of initiation of plaque psoriasis may be narrowed down to the TNF-a-IL-23-Th17
pathway/axis. A pro-inflammatory feedback loop is then established among keratinocytes,

immune cells, and components of the extracellular matrix (e.g., collagen), leading to

sustained, active skin inflammation.

1.2.3 Clinical presentations & subtypes

There are various subtypes of psoriasis, with psoriasis vulgaris being the most common
(Deng et al. 2016). This presents as the classical plaque type psoriasis (Figure 1.3).



Figure 1.3 Plaque psoriasis (psoriasis vulgaris) (Permission granted by Cardiff and Vale
University Health Board. All clinical images used had signed permission from patients to

publish the images.)

Inverse psoriasis (also known as flexural psoriasis) usually affects the folds and intertriginous
regions of the body. Guttate psoriasis (Figure 1.4) usually has an acute onset, most
commonly after group-A streptococcal upper respiratory tract infections (Ko et al. 2010).

Figure 1.4 Guttate psoriasis (Permission granted by Cardiff and Vale University Health
Board. All clinical images used had signed permission from patients to publish the images.)
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Pustular psoriasis is identified by the presence of numerous, coalescing sterile pustules and

may present in several ways:

a) palmo-plantar pustulosis which affect the hands and feet

b) acrodermatitis of Hallopeau, which affects the distal tips of fingers and toes, including the
nails

c) generalised pustular psoriasis (Figure 1.5), which may be acute and is often associated
with generalised redness and sub-corneal pustules along with systemic features
(Navarini et al. 2017)

Figure 1.5 Pustular psoriasis (Permission granted by Cardiff and Vale University Health
Board. All clinical images used had signed permission from patients to publish the images.)

The final, more severe, subtype is erythrodermic psoriasis, which is a dermatological
emergency due to at least 90% of the body surface area being affected by diffuse erythema.
This may arise from any other subtype and usually requires admission to hospital (Rendon
and Schéakel 2019).
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Psoriatic arthritis prevalence is currently unknown, though a diverse range of figures have
been reported, and it is often undiagnosed, perhaps in at least 15% of psoriasis patients
(Villani et al. 2015). It may be polyarticular or oligoarticular, and is defined by pain, enthesitis
and dactylitis. In polyarticular phenotypes, nail involvement is also very common (Stoll et al.
2006). Nail disease may be present in 50% of psoriasis patients, and may be the only
presentation of psoriasis in up to 10% of all psoriasis cases (Salomon et al. 2003). It may
present as nail plate pitting, onycholysis, oil drop discolouration, splinter haemorrhages or
subungual hyperkeratosis (Figure 1.6)

Figure 1.6 Presentations of nail psoriasis (adapted from (Menter et al. 2008a). Permission

Pitting Onycholysis Subungal Oil drop Nail plate
Hyperkeratosis sign dystrophy

1.2.4 Comorbidities associated with psoriasis

Several comorbidities are associated with psoriasis, including a strong association with the
metabolic syndrome (Cohen et al. 2008). Independently, however, several components have
been shown to have also shown to have an impact. A 2006 cohort study found that there was
an increased risk of myocardial infarction in psoriasis patients, irrespective of other risk
factors such as smoking, dyslipidaemia and hypertension (Gelfand et al. 2006). Obesity is
considered an independent risk factor with a higher incidence of psoriasis in patients with a
higher body mass index (Kumar et al. 2013). Hypertension tends to be more severe and
poorly controlled in patients with psoriasis, with poorer control in patients with more severe
psoriasis (Takeshita et al. 2015). There is an increased risk of diabetic complications and
insulin resistance in psoriasis patients and those with diabetes are more likely to need

pharmacological intervention (Azfar et al. 2012).

Studies have also highlighted an overlap in inflammatory and genetic pathways between

psoriasis and inflammatory bowel disease (Wolf et al. 2008). However, there are varying

degrees of association and prevalence reported in studies, though there seems to be a

higher risk of Crohnodos (€ohsneizas 2009t Lheaah 20U3).c er at i Vv e
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Psoriatic arthritis is a chronic musculoskeletal inflammatory disease and though the exact
prevalence is not known, it may affect up to 30% of patients usually with plaque-type
psoriasis / psoriasis vulgaris (Ritchlin et al. 2017; Ogdie et al. 2020). There are various
manifestations of psoriatic arthritis including enthesitis, spondylitis, dactylitis and peripheral
arthritis, often resulting in considerable impact on physical functioning as well as social and
work life (Orbai et al. 2017).

Psoriasis is also associated with various other comorbidities including hepatic disease
(Yeung et al. 2013), nephritic disease (Abuabara et al. 2010) and malignancies (Pouplard et
al. 2013; Fuxench et al. 2016). It is clear that patients may experience health-related issues
beyond psoriasis and therefore a holistic and complete approach to healthcare is vital.

1.25 Clinical Assessment and the PASI

There is a range of clinical assessment tools for physicians and researchers to assess the
severity of psoriasis. However, there is no consensus on which of these measures are most
suited to be used in clinical trials (Callis et al. 2018). The varying phenotypes of psoriasis
means that this is a challenge for both clinicians and patients. Whilst tools such as the PASI
may be adequate for assessing plaque psoriasis affecting the body/trunk, most are poor at
assessing disease in other areas including the scalp, nails and genitalia. As a result, region
specific measures have also been created to assess the impact of localised disease, such as
the Nail Psoriasis Severity Index (NAPSI) (Rich and Scher 2003) and the static Physician's
Global Assessment of Genitalia (SPGA-G) scale (Merola et al. 2017).

Naldi et al. (2003) have highlighted that at least 44 clinical measures are used in trials, with

none of them having been fully validated or standardised. I ndeed, there are n
measures to be used in psoriasis (Weisman et al. 2003; Feldman and Krueger 2005). In

general, the high inter-rater variability and the inability of many tools to discriminate

appropriately between disease severities is a telling indictment of the current state of this

science.

Spuls et al. (2010) highlighted 11 main psoriasis assessment tools used in clinical trials and

these, along with their descriptions, are summarised in Table 1.1.

13



Table 1.1 Most common psoriasis severity assessment tools, adapted from (Spuls et al.
2010)

Instrument Description

BSA Estimation of involved body surface area, several methods are used

Signs Evaluation of the plaque characteristics erythema, scaling, and
induration. Erythema and scaling are easily influenced by external
factors

PASI The affected area and lesion characteristics are entered in a

formulathat results in a score from 0to 72. The PASI is most often
used in clinical trials

PGA The PGAisab,6,or7-poi nt ordinal rating
Afvery severe psoriasiso
PaGA The PaGA is an ordinal rating r

psor i asi s bythe pateats s e

SAPASI The SAPASI s a structured PASI-like instrument designed for
patient self-assessments of severity

PASS The affected area and plague characteristics are entered in a
formulathat results in a score from 0to 140. Infiltration is given
more weight than erythema and scaling

LS-PGA The LS-PGA integrates ranges of involved BSA and the overall
plague morphology in which infiltration is given more weight

SPASI The SPASI equals the sum of the average redness, thickness, and
scaling of all the psoriasis lesions multiplied by the percentage of
body surface area involved

PEASI The PLASI is derived from the PASI but uses actual BSA
percentages instead of an area score

PSI The PSI addresses various symptoms of psoriasis lesions, with a
score ranging from 0-32

PLASI The PLASI is derived from the PASI but uses six BSA groupings
with finer partitioning for smaller extents of BSA

SPI The SPI consists of three elements: a severity score (SPI-s),
psychosocial impact (SPI-p) and historical course/interventions
(SPI-i).

The body surface area (BSA) is quite a simplistic tool assessing the body percentage affected

by psoriasis. This is either calculated by usi
neck, arms, legs etc, are allocated 9% total each) (Ramsay and Lawrence 1991), or using the

met hod where one hand sur f ac e)isequnatenttod% BSA f i nge
(Thomas and Finlay 2007). This method generally has excellent inter-rater variability (Yune et

al. 2003).

PASI, first used to assess oral retinoid efficacy, is a widely used tool to assess the severity of
psoriasis (Fredriksson and Pettersson 1978). The score ranges from 0-72 (72 being most
severe), and efficacy of treatments are often described as percentage reduction in PASI i.e.
PASI 50, PASI 75 would represent a 50% or 75% reduction in PASI, respectively. The PASI
mostly completed by trained health care professionals and study investigators. Although PASI
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has been criticised for lacking sensitivity and accuracy, being complex, and its use being

resource intensive, in the absence of a fAgold

outcome measure in clinical trials of drugs used for psoriasis (Ashcroft et al. 1999; Harari et
al. 2000; Berth” Jones et al. 2006). It is often used to validate other clinical measures, and
indeed correlates well with these physician-based assessments, but less so with HRQoL
(Health-related quality of life). However, the PASI has had very few reliability tests conducted
and the response distribution is also considered low (Harari et al. 2000; Langley and Ellis
2004; Berth” Jones et al. 2006). Experienced users produce more reliable PASI results than
novice assessors (Langley and Ellis 2004). There are several other criticisms of PASI
including concerns around the categorical assignment and weight of each of its components
(Weisman et al. 2003), as well as limited inter-rater agreement (Gourraud et al. 2012).

Furthermore, there is debate around the interpretation of PASI scores (Van de Kerkhof 1992;

Carlinetal. 2004)t hough descriptors O6mil dé, 6émoder at ed

commonly used (Schmitt and Wozel 2005). A simplified version also exists, known as
Simplified-PASI (SPASI), though its reliability has not been tested and it seems to be less
sensitive to change when the BSA is less than 10% (Louden et al. 2004). Two other variants
of the PASI, the Psoriasis Long-based Area and Severity Index (PLASI) and Psoriasis Exact
Area and Severity Index (PEASI), provide a more accurate evaluation of psoriasis
improvement. However, neither measure has been validated or tested for reliability (Jacobson
and Kimball 2004).

The Simplified Psoriasis Index (SPI) (Chularojanamontri et al. 2013) is adapted from a holistic
measure created in the late 1990s known as the Salford Psoriasis Index (Kirby et al. 2000).
The SPI consists of three elements: a severity score (SPI-s), psychosocial impact (SPI-p) and
historical course/interventions (SPI-i). The severity score is intended to replace the PASI and
is weighted to identify the O6high i mpactd
completed by either professionals (proSPI-s) or patients (saSPI-s). The SPI-p was found to
have high correlation with the DLQI (r=0.89) and proSPI-s with the PASI (r=0.91). It has been
shown to have good intra-rater and inter-rater reliability (Chularojanamontri et al. 2013) and
further validation studies have been conducted to demonstrate its interpretability and
responsiveness to change (Chularojanamontri et al. 2014).

ThePhysiciansd G| PBA))lasipes methedrofeassessing psoriasis severity,
has also been used statically (at baseline) or dynamically (change from baseline to follow-up)

ar ec

(Farhi et al. 2008) as a 5-7 point ordi n a | scoring system ranging fr
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has been shown to correlate well with the PASI as well as with HRQoL assessments (Gottlieb
et al. 2003a).

Patients may also self-assess their psoriasis using the Self-Administered PASI (SAPASI) by
shading in the affected areas on a body map and using a VAS (visual analogue scale) for the
erythema, scaling and induration aspects of the assessment. The total score is then
calculated by the assessor, ranging from 0-72 as for the PASI (Fleischer Jr et al. 1994).
Overall, the measure has very good reliability (Feldman et al. 1996) with a strong correlation
to the PASIin most studies (Feldman et al. 1996; Kirby et al. 2000; Sampogna et al. 2003).

The Psoriasis Symptom Inventory (PSI), though not strictly a clinical outcome measure, is an
eight-item PROM designed to assess various psoriasis symptoms including itching, redness,
cracking, burning, flaking, stinging and pain (Martin et al. 2013). It is available in 2-hour and
7-day versions which have been shown to be equivalent, sensitive to change as well as
possess good construct validity (Bushnell et al. 2013).

There are many other psoriasis assessment tools as seen in Table 1.1, with most having
been developed to tackle some of the shortfalls of the PASI. However, they have not
superseded the PASI in terms of its clinimetric properties nor its popularity, as it remains the

most commonly used clinical severity measure in psoriasis worldwide (Spuls et al. 2010).

1.2.6 An overview of the management of psoriasis

1.26.1 Life-style interventions

The management of psoriasis is challenging, particularly for mild and moderate disease
where systemic treatment or biologics may not be indicated. Nevertheless, there are
conservative measures that may be employed by psoriasis patients to reduce disease
burden. For example, in obese/overweight patients, non-surgical and non-medical weight loss
may reduce the severity of psoriasis (Upala and Sanguankeo 2015). An RCT by Naldi et al.
(2014) demonstrated that this demographic group may also benefit with dietetic control
alongside physical exercise.

Smoking cessation and a reduction in alcohol intake have also shown to be important
prognostic factors in psoriasis (Higgins 2000). The use of simple measures such as this is
known as 0di s a @arber andyNalld984) ard nmiayi go anldng way towards

reducing prevalence, severity and morbidity.
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1.26.2 Topical treatments

Topical steroids are very widely used in the treatment of psoriasis, ranging from mild (e.g. 1%
hydrocortisone) to very potent strengths (e.g. clobetasol proprionate) (Lebwohl 1995).
However, potent topical steroids should not be used long-term due to the risks of numerous
side-effects such as epidermal thinning, bruising, ulceration and striae (Coondoo et al. 2014).
Other topical treatments include coal tar, tazarotene, salicylic acid, anthralin and vitamin D
analogs such as calcipotriol (Lebwohl and Ali 2001). Calcipotriol is more effective than
anthralin (Berth® Joneset al. 1992) and coal tar (Tham et al. 1994) resulting in the latter two
to be less commonly used in recent times (Reid and Griffiths 2020). Combination treatment of
calcipotriol and betamethasone as a two-compound product has also shown to be efficacious
in the treatment of plaque psoriasis (Kragballe et al. 1991) but also scalp psoriasis (Kragballe
et al. 2009). Salicylic acid is particularly helpful for thick scales and may have a keratolytic
effect (van de Kerkhof and Franssen 2001).

1.2.6.3 Phototherapy

If topical therapies fail to control disease then phototherapy is a safe and widely used
alternative. Oral or topical psoralens (photosensitising chemicals) in combination with
ultraviolet-A (UVA) phototherapy is a commonly used treatment, but is being increasingly
replaced by narrowband ultraviolet-B (UVB) phototherapy (Picot et al. 1992; Reid and
Griffiths 2020). Ultraviolet-B in combination with oral retinoids may also produce significant
improvement of symptoms (Ruzicka et al. 1990). However, phototherapy may be
inconvenient for patients, as the treatment often requires multiple weekly visits for a few
months. There is also an increased risk of skin cancers with this mode of treatment (De Rie et
al. 2004), with UVA phototherapy in particular linked to squamous cell carcinomas (Ling et al.
2016).

1.26.4 Systemic treatments

In about a fifth of psoriasis patients, topical therapies alone are insufficient to adequately
control symptoms (De Rie et al. 2004). Therefore, systemic treatments are considered for
moderate-severe cases including methotrexate, azathioprine, ciclosporin and retinoids. Some
of the common systemic treatments in sufferers of severe psoriasis are listed in Table 1.2
(adapted from Olivier et al. (2010).
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Table 1.2 Systemic psoriasis therapy (adapted from Olivier et al. (2010)).

Systemic psoriasis therapy N (%) of severe psoriasis patients*
Methotrexate 2284 (57.7%)

Psoralen or Phototherapy 680 (17.2%)

Azathioprine 625 (16.5%)

Ciclosporin 412 (10.1%)

Etretinate or Acitretin 351 (8.9%)

Hydroxyurea 222 (5.6%)

Mycophenolate mofetil 12 (0.3%)

*Percentages total up to >100 as some subjects received multiple treatments

Other important and effective systemic agents include small molecule therapies such as
fumaric acid esters (Bovenschen et al. 2010) and phosphodiesterase-4 (PDE-4) inhibitors
(Papp et al. 2012a). Systemic treatment is guided by patient needs and requirements. Some
treatments are immunosuppressant, hepatotoxic and nephrotoxic (e.g. methotrexate,
ciclosporin) whereas others may cause teratogenicity (retinoids), limiting suitable options
available to certain patient demographics. Rotational therapy has also been recommended
which involves alternating between different treatments to limit the cumulative side effect
profile (Weinstein and White 1993).

1.26.5 Biological treatments

In the last two decades, the advent of biologic treatment (produced from recombinant
deoxyribonucleic acid (DNA) technology) has changed the interventional landscape of
psoriasis. Biologics are usually administered subcutaneously and are molecules that target
various cytokines in the psoriasis inflammatory cascade. They may also be indicated for use
in PsA (Armstrong et al. 2018). Alefacept, a CD2-binding protein, was the first biologic
therapy for psoriasis introduced in 2003 (Lebwohl et al. 2003), but was eventually withdrawn
due to more efficacious and cost-effective treatments becoming available (Reid and Griffiths
2020). Efalizumab (a monoclonal antibody to CD11a) was another alternative, but was
subsequently withdrawn due to cases of progressive multifocal leukoencephalopathy (PML)
(Kothary et al. 2011). Later biologics targeted TNF-alpha, though newer biologics have since
emerged targeting 1L12/23, IL17-A, IL17-A receptors and more recently, IL-23 (Armstrong et
al. 2018). However, in the UK, these are only available to patients who have failed (or are
contraindicated to) at least two other systemic treatments including methotrexate and
ciclosporin, have severe focal disease, and meet the minimum eligibility criteria of PASI 10

and DLQI 10 (Smith et al. 2020). Various factors may influence the choice of biologic: patient
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age and weight, patient preference, comorbidities such as PsA, family planning, employment
and baseline psoriasis severity, for which criteria may vary from country to country (Davison
et al. 2017). Though biologics are generally considered safe with high efficacy (outcomes of
PASI 75 ranging from 59-86%), there is a risk of opportunistic infections and reactivation of
chronic infections such as hepatitis B or tuberculosis, especially as long-term immunotherapy
may alter a pat i (avisanetali 2007 uFarthermporepttierie bre new
treatment modalities on the horizon for psoriasis (Bissonnette et al. 2013; Strober et al. 2019;
Todorovili .et al. 2019)

It is important to consider efficacy end-goals when treating a patient with psoriasis. It has
been proposed that a 50% reduction in PASI score (PASI 50) and a DLQI score <5 should be
the minimal target, with routine monitoring of long-term treatments at regular intervals
(Chernyshov 2019). Although ideally treatment goals should aim for DLQI O or 1, and
complete PASI resolution, a reduction in PASI score of 75% (PASI 75) has been suggested
as the most feasible and practical treatment goal (Pathirana et al. 2009). However, with
newer generation biologics achieving PASI 90, there is an argument for this to become the

new standard of treatment efficacy (Torii et al. 2012; Elewski et al. 2017).

All things considered, when choosing the appropriate treatment, physicians may be guided by
several factors: disease severity, treatment ease, efficacy and side-effect profile, as well as
patient QoL (De Rie et al. 2004). However, counseling patients is also an important aspect of
managing patients with psoriasis. Issues such as lifestyle adjustments and behavior changes
should also be discussed in detail with patients. This enables them to regain control over their
lives and their condition by converting their negative thoughts and teaching them distraction
techniques. By seeking social support, and learning to express worries and emotions,
patients may develop coping mechanisms therefore allowing them to truly improve their

psychosocial wellbeing (Lebwohl 1995).

1.3 HeathRelated Quality of Life

1.3.1 What is HealthRelated Quality of Life?
The terms oO6quality -ondél dati dd6q&biL)y aotl bheabt Ot

interchangeably, though the former has been described in literature since the mid 20™" century
(Bergner 1985). QoL awareness became particularly important as contention arose around
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how interventions balance life span with QoL improvement (Kaplan and Bush 1982).
Assessing QoL became as important as assessing physical parameters of well-being,
eventually leading to the development of health status measurements (Fanshel and Bush
1970). The term OHRQoL® was | at er -ielatedissuesuocQeld i
and was used alongside QALYs as described in the previous section. The concept of HRQoL
has mainly been utilised and developed in three major areas: health economics, clinical

research and evaluation of clinical practices (Halioua et al. 2000).

n o1

WHO defines health as 06d6a st at e o f-beiogpampnbtet e p't

merely the absence of dise a s e an d (Orgahizatom?014)y ©hé definition is
incorporated in general health measures such as the EuroQol five-dimensions (EQ-5D)

(Group 1990) and short-form 36 (SF-36) (Ware et al. 1978). However, the inclusionof 6 s oc i a l

well-b e i asga&ey component in the definition of health is debated (Karimiand Brazier

2016), with the suggestion that an individual 0s

important (Patrick et al. 1973). In some ways, defining QoL has provento be equally difficult

with various definitions having been used overthe yearsincluding: 6 6a consci ous

co

judgmentof sati sf act i (Rejeskiand Mihatka260d)sa nldi f6éaadéa i ndi vi d

perception of their position in life in the context of the culture and value systemsin which they

live and in relation to their go@luykenl93%x pect at i

Though many of these definitions have an element of subjectivity, several authors have
stated that factors such as physical, material and social wellbeing are just as important (Felce
and Perry 1995; Cummins 2005). Regardless, it is generally agreed that QoL is
multidimensional covering five key areas: material wellbeing, physical wellbeing, social
wellbeing, emotional wellbeing, and development/activity (Felce and Perry 1995).

The definitions of oO6healthd and 6QoL®& may
summarised definition of HRQoL. In this context, perhaps the most well-known definition is
that by Calman (1984): &6 The quality of | ife can only
terms, and depends on present lifestyle, past experience, hopes for the future, dreams and
ambitions.®& The author further postul ates
experiences and areas of life, including ill-health and treatment. Good QoL is attained when
hopes and expectations tally with experience, whereas poor QoL is the opposite notion of
this. Therefore, by reducing the gap between aspirations and reality, one may improve QoL.

t hat

This may be measured in terms of désatisfactior

t o c(CGanead 1984).

At least four other definitions have been reported (Karimi and Brazier 2016):
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1. fHow well a person functions in their life and his or her perceived wellbeing in
physical, mental, and social domains of health.o (Killewo et al. 2010)

2. i @ality of life is an all-inclusive concept incorporating all factors that impact upon an
i ndi vi dual -Getated quafityeof life khelualds brity those factors that are part of
an indivi d(Tartaice 198Ye al t h

3. i Rose aspects of self-perceived well-being that are related to or affected by the
presence of disease or treatment.0(Ebrahim 1995)

4. A ®lues assigned to differenthealth st éWeinstein et al. 1996)

It is interesting to note that these definitions do not always refer to the disease or treatment,

and often political and economic considerations are excluded (Torrance 1987). Definitiol
refersto utility valuesand assigning o6éhealth statesé6é to cal
606 and per f @\eihstein etall 1096). Thesefode, Whilst the HRQoL definitions

are multifaceted, health utility values are a very important aspect of overall patient

assessment. A more detailed insight on utility values and their calculation shall be covered in

Chapter 4.

Though all four definitions vary in what they
considered as only one aspect of wider QoL (Ferrans 1990). However, there is a significant

overlap: whilst some QoL definitions only assess wellbeing and functioning rather than

biological variables, wider QoL problems are undoubtedly influenced by health. For example,

certain conditions may not have a direct impact on domains such as economic status,

education or housing i however they may all be indirectly impacted. In practice, a measure

covering a narrow range of relevant QoL domains tailored to one type of problem or disease
maybemor e specific. However, in order to be ful

measures need to be able to capture most QoL domains.

The terms O6healthod, 6QoLd and O6HRQoOLOG are ofte
However, quite simply, they are used to describe the impact of health on QoL (Karimiand
Brazier 2016). Thi s thesis wil/ use both acronyms OHF

of skin diseases on patient wellbeing (both physical and psychosocial functional behavior).

1.3.2 The measurement and validation of HRQolDermatology

For many decades, clinical improvement alone was considered sufficient response to
treatment. For example, Dahl and Comaish (1972) stated that a reduction in scaling and
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|l esions corresponded to 60goodd treatment out cc
and social life. Assessment standards have since evolved and it has now been established

that QoL is a vital considerat i wwordobignuiampyd pler. sec
quality of life impairment) was coined in a bid to raise awareness about the importance of this
conceptin clinical care (Finlay 2017). QoL may be impacted by various non-medical factors:

economic status, employment, marital status, career, ambition, personality, religion and

expectations (Both et al. 2007). In medicine, HRQoL is the effect a condition has on QoL

domains. A number of instruments to measure this impact on patient life have been

developed for use in clinical, epidemiological and research settings (Terwee et al. 2007).

These instruments will often include psychological, physical and social domains from both

subjective (e.g. emotions) and objective (e.g. work impairment) viewpoints (Testa and

Simonson 1996). The final questionnaires are often comprised of items/questions that are

grouped together under various relevant dimensions (Testa and Simonson 1996). The

methodological construction, conceptual validation, mode of administration and target

population determine the final quality of these HRQoL measures (Halioua et al. 2000).

Within dermatology, HRQoL is captured by measures of varying scopes and capacities.
These include generic measures, dermatology-specific measures, condition specific
measures as well as possibly O6crossover measur
chapter. The former may be used across all medical conditions thereby allowing comparison
across specialties; dermatology-specific measures may be used for all skin conditions,
whereas condition-specific measures are designed to capture very focused, disease specific
QoL impact. Generic measures may be health-profile or preference-based and have the
advantage of directly producing utility values (Coons et al. 2000). The disease-specific tools
are more responsive with strong conceptual validity and therefore clinically suitable (Wiebe et
al. 2003). Measures are designed based on a combination of patient views, evidence from
literature and clinical opinion i though the more popular PROMs have been based solely on
patient experiences, arguably the most appropriate development method. Therefore,
choosing the ideal instrument is dependent on weighing the advantages and disadvantages
of each measure within the context of its use, the skin condition and study objectives (Coons
et al. 2000).

Evidence of a t ool 06sincldng its hatidityeahdmreliabilitypare onpartant i e
considerations in making a decision on whether it is suitable to use. Reliability is the ability of

a measure to produce results 6éconsistently in
measure determines whether it captures the information it was designed to do so (Souza et

al. 2017). Validation aspects of a measure may further be divided in to: equivalence, content
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validity, criterion validity, construct validity and cross-cultural validity. These are summarised
in Figure 1.7 (Souza et al. 2017). The reliability of a measure includes testing for stability,
internal consistency, reproducibility (e.g. test retest). The more comprehensively a measure is
validated, the more likely it will be used widely. However, validation techniques are wide

ranging that i s f r@nnseddal 2018),Gandtthere i® reodbsadutec e d 6

definition of how widely a measure should be validated.

Figure 1.7 Types of validity measurement of instruments (Souza et al. 2017)

Types of validity

Definition

Example

Statistical tests

Content validity

Itis the degree in which a test
includes all the necessary items
to represent the concept to be
measured.”

An instrument that assesses he satisfaction at
work must include not only work satisfaction,
but other variables related to it, such as,
salary, promotions, relationship with
co-workers, among others.

- Qualitative approach (experts
committee)

- Quantitative approach
(content validity index [IV(])

Criterion validity

Itis assessed when a result can be
compared to a ‘gold standard".

Concurrent validity

It can be evaluated using both
the target-test and the ‘gold
standard’, at the same time,

Inan investigation on depression, a new

tool is used, and with it, a supposedly ‘gold
standard’ question: Do you frequently feel sad
ordepressed?*®

Correlation tests

Predictive validity

First the target-test is applied,
and then, the ‘gold standard’.*®

Results on blood pressure and cholesterol
levels are based on its predictive validity to
project the risk of cardiovascular diseases.®

Correlation tests

Construct validity

Isis the extent in which a set
of variables represent the
construct that was projected to
be measured.*

Known-groups
technique

Different groups of individuals
fillin the research instrument
and then the groups’ results
are compared.’®

A test that assesses quality of life can be
applied to a group of patients with chronic
diseases and to a group of healthy youngsters.
Differences in the scores on quality of life
between these groups are expected.®

Hypothesis testing

Convergent validity

It is obtained through the
correlation between the
instrument and another
instrument that assesses a
similar construct, expecting
high correlation results
between them.*

When administering two instruments that
assess satisfaction at work, researchers expect
to obtain strong correlation between them.

Correlation tests

Discriminant validity

It tests the hypothesis that the
target-measurement is not
improperly related to different
constructs, that is, with variables
from which it should differ.®

An instrument that assesses the motivation to
work should present low correlation with an
instrument that measures self-efficiency.”

Correlation tests

Structural or
factorial validity

It assesses if one measure
captures the hypothetical
dimension of a construct.”

Researchers intend to assess if some
characteristics of the work environment — such
as autonomy and feedback — are predictors of
professional satisfaction.

Factorial analysis and structural
equation modeling

Cross-cultural validity

Measures in which the
evidences support the inference
that the original instrument
and another one, culturally
adapted are equivalent.®

Atool that assesses the satisfaction at work

and that has been translated and adapted into
another cultural context, must have a similar
performance to the one of the original version.”

- Independent translators and
back-translators

- Experts committee

- Pre-test®

There have been numerous instruments created ranging from single-item measures to more
complex ones with various scoring systems (Chernyshov 2019). Unfortunately, while many

guestionnaires exist, they have not always been validated or tested appropriately, sometimes
having been used in only a single study (Chernyshov 2019). This may raise doubts about the
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appropriateness of their use (Bourdel et al. 2019). Choosing the right measure for the disease

and population is therefore key towards obtaining optimal and representative results.

However, some psychometric properties may be specific to individual situations and may vary
depending on the target use, thereby requiring further validation work (Souza et al. 2017). For

example, the Children® Dermatology Life Quality Index (CDLQI) (Lewis” Jones and Finlay

1995) is validated for use in patients aged 4-16, and is not validated to be used for an older

popul ati on. As a result, there is no real con:c
Dermatology (Both et al. 2007), and indeed the generic concept

meaningful or achievable to define.

Nevertheless, HRQoL assessment is integral to many guidelines within dermatology. This
includes the National Institute for Health and Care Excellence (NICE) guidelines for atopic
eczema (AD) as well as a Taskforce recommendation (Lewis-Jones and Mugglestone 2007;
Vermeulen et al. 2019), vitiligo guidelines (Gawkrodger 2008) and more extensively, psoriasis
biologic guidelines (Smith et al. 2020).

1.3.3 Generic HRQoL measures used in Dermatology

These measures, as stated by their description, are broad in nature to capture health-related
QoL data even outside the clinical context. The most widely used generic measures in
dermatology are the Short-Form 36 (SF-36) and the EQ-5D (Chernyshov 2019). Other
commonly used measures include: Sickness Impact Profile (SIP) (Bergner et al. 1981; Patrick
and Deyo 1989), World Health Organization Quality of Life (WHOQOL) (Group 1994), the
Nottingham Health Profile (NHP), the DUKE Health Profile (Raymond 1996) and the Quality
of Well-Being Scale (Hornquist 1982). All of these measures may be applied to various
disease states or the general population therefore allowing impacts of diseases to be

compared.

A previous systematic review has recommended that the SF-36 is the preferential generic

measure (de Korte et al. 2002). The SF-36 consists of eight scales with varying items, with

one item of perceived health change. It is the only instrument which addresses the concept of
6positive healthdéd, therefore maki ndgBothétalpart i c
2007). Furthermore, the SF-36 has been used as a reference measure in the validation of

dermatology-specific measures such as the Skindex (Chren 2012).

The SIP was one of the first self-reported health status tools to be used (Bergner et al. 1981)
with 12 scales consisting of 136 items covering physical and psychosocial domains together
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with five independent categories. Though it has had formal psychometric validation (Bergner
et al. 1981), there are some limitations: patients only select items that are relevant to them,
eliciting concerns regarding the interpretation of missing data (systematic versus random
omission). Furthermore, it can take up to 30 minutes to complete, and cannot discriminate
effectively between healthy subjects (Andresen and Meyers 2000). Nevertheless, the UK
version of the SIP, the UKSIP, has also been used in various psoriasis trials over the years,
including for one of the first systemic treatments in psoriasis: ciclosporin (Finlay et al. 1990;
Salek et al. 1993; Wall et al. 1998; Prins et al. 2005). The UKSIP has also been validated and
shown to be reliable in assessing acne handicap (Salek et al. 1996) and the impact of basal

cell carcinomas (Blackford et al. 1996).

The EQ-5D (Group 1990) will be covered extensively in Chapters 4 and 5. It is a generic

standardised preference-based measure often used for calculating utility values in health

economics. Health technology assessment agencies have driven its use for economic

comparison between treatments, despite it not being dermatology focussed. The measure

consists of two parts, the first comprising five domains namely: mobility, self-care, usual

activities, pain/discomfort and anxiety/depression. The second part is a visual analogue scale

(VAS) on which patients self-assign a score between0-1 00 (wi th 606 being t

i maginable health stated and 610006 beingDthe ¢
is broad in nature allowing appraisal between diseases, it may not detect pertinent HRQoL

information from dermatology patients (Pereira et al. 2012). It contains items that are not

al ways relevant to dermatol ogical patpoesaest s r e:
that are not relevant to the skin disease (Finlay 1997). Some relevant issues may only be

addressed by the use of specialty/disease-specific measures. Therefore, generic measures

including the EQ-5D may not be entirely sensitive to the QoL impact of skin disease.

1.3.3.1 Dermatology-specific measures

Al t hough many studies use generic mepasurfds,d0 tf
measures that may be used for all skin conditions. The most popular of these is the DLQI
(Finlay and Khan 1994) and is described in detail below.

The Dermatology-Specific Quality of Life (DSQL) is a 52-item scale with physical, emotional
and social dimensions of QoL (Anderson and Rajagopalan 1997). It is heavily influenced by
the SF-36 and the pilot study on item behavior only included contact dermatitis and acne
patients. It takes 15 minutes to complete and has been mostly adequately validated.
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However, other than a handful of studies on acne/contact dermatitis it has not been used
again (Both et al. 2007).

The Skindex-29 is another validated scale that has been found to be reliable and responsive
in dermatology patients, with documented categorisation of scores (Nijsten et al. 2009;
Rogers et al. 2012). However, additional validation studies have been recommended (Both et
al. 2007). There are also shortened versions of the measure in the form of Skindex-16 and
Skindex-17 which have both been used in numerous studies (Halioua et al. 2000; Ganemo et
al. 2004; Gisondi et al. 2005). However, the presence of numerous versions may be
confusing for the end user, resulting in data that are not comparable between the various

iterations.

One of the least used scales is the Dermatology Quality of Life Scales (DQOLS) which was
developed after 50 outpatients were interviewed (Morgan et al. 1997). It consists of physical,
psychosocial and symptom dimensions which yield a score ranging from 0-100. Though it has
been validated against the DLQI and was shown to have strong validity, there have been
criticisms of the psychometric methods used in its creation (Both et al. 2007). Bar two major
studies, use of the DQOLS has rarely been reported (Higaki et al. 2002; Higaki et al. 2004).

Several other dermatology-specific measures are targeted at different age ranges including
the CDLQI for ages 4-16 years (Lewistdones and Finlay 1995),t he Teenager 0s

Qu a

Index (T-QoL) for ages 12-19 years (Basra et al. 2018) andthel nf ant sé and Todd|l

Dermatology Quality of Life (InToDermQoL) for ages 0-4 years (Chernyshov et al. 2019).

The CDLQI measures the impact of skin conditions on the QoL of children (Lewistdones and
Finlay 1995). Much like the DLQI, the CDLQI was developed from the answers to an open-
ended question asking children how their skin condition affected their life. Based on 169
replies from children aged 3-16 years, a ten-item questionnaire was developed. The CDLQI
measures impact of QoL in the domains of symptoms and feelings, leisure, school or
holidays, personal relationships, sleep and treatment. Each question has the following four
options: not at all (scoring 0), only a little, (1) quite a lot (2), very much (3). The recall period
for the CDLQI is one week and as children may have been in school term time or on holiday,
one guestion has a choice of two options dependent on whether or not within the last week
the child was in school. A cartoon version has been created to appeal to younger children
(Holme et al. 2003). The CDLQI has been translated into over 80 languages and validated
extensively (Neri et al. 2012; Salek et al. 2013; Wisuthsarewong et al. 2015). The CDLQIl is

completed on average in two minutes and has score bands to give meaning to the scores
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(Waterset al. 2010):0-1 = o6no ef f ect-6o0msanail ll-d &9 & nebcot €0 & t7e 2 e |

1318 o6very | al0gexefreenetl §, | B9 ge ef fectd. The

by the Harmonising Outcome Measures in Atopic Eczema (HOME) initiative as the core QoL
instrument for measuring the impact of atopic dermatitis on the QoL of children (Vermeulen et
al. 2019).

These dermatology-specific measures may be used across all of dermatology, making it
easier to score and compare the impact on QoL of various skin diseases. However, disease-
specific measures are also used, which may provide more sensitive and focused QoL

information for any particular skin condition.

1.33.1.1The Dermatologiife Quality Index

The Dermatology Life Quality Index (DLQI) (Finlay and Khan 1994) was the first generic
dermatology-specific QoL measure to be introduced and paved the way for QoL assessment
alongside clinical severity measures in skin disease trials (Kurwa and Finlay 1995). It is
reported to be the most widely used dermatology-specific QoL measure in clinical trials of
skin diseases worldwide (Both et al. 2007; Organization 2019). An extensive overview of the
measure is detailed in Chapter 4. The DLQI been used in numerous inflammatory and non-
inflammatory skin conditions as well as skin cancers and is available in 152 languages as of
9t March 2021, across numerous countries (Basra et al. 2008a; Finlay 2020). It is simple and
easy to complete (Bronsard et al. 2010) with an average completion time of around 2 minutes
(Loo et al. 2003). It consists of 10 items addressing the impact of skin diseases on different
aspects of patient QoL over the last week, as shown in Figure 4.1. The highest total score of
30 represents the worst QoL, whereas 0 would be perfect health. The strong psychometric
properties of the DLQI have resulted in the increasing popularity of the DLQI in both clinical
research and in clinical practice. Moreover, the content of the DLQI has been shown to
include all important and relevant concepts from the perspective of patients with moderate to
severe plaque psoriasis supporting its content validity in psoriasis patients (Safikhani et al.

2013). I't is not, however, wi ¢ochsoudsabiity, sespansear e

CLC

of

di stribution, and di mensi oriticasédi(Both et al.2@7).iThee m bi a

criticisms by Nijsten (2012) have been discussed by Finlay et al. (2012). Furthermore, it has
been proposed thatt he o6not relevantd response item
represent higher disease burden (Langenbruch et al. 2019). Eight out of the ten DLQI items
have the 0not,whiahusaalyanditai® noanppact oo QoL when selected. This
raises questions over whether patients mark this option due to the considerable impact of

their skin disease preventing participation in certain areas of life. It is therefore argued that an
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ideal questionnaire would encompass this QoL impairment (Langenbruch et al. 2019). To
address these concerns, Rencz et al. (2020) have proposed an alternative scoring system,

DLQI-Relevant (DLQI-R), by adjusting forthe 6 not r el evant 6 totabssgeonses

However, the DLQI-R has yet to be fully validated in the context of score banding (Hongbo et
al. 2005) and applicability across different disease populations. Additionally, its comparability
to DLQI scores is yetto be proven.

Nevertheless,t h e D pofularitysas a measure has positioned it as an integral PROM in
various treatment guidelines, including biologics, for psoriasis (Smith et al. 2020), eczema

(Vermeulen et al. 2019) and hidradenitis suppurativa (Ingram et al. 2019).

1.3.3.1.2 Minimal Clinically Important Difference (MCID) of the DLQI

The minimal clinically important difference (MCID) is described as the minimal change in

score considered clinically significant by clinicians and patients (Norman et al. 2003). This
provides more meaning to QoL score changes than simply assessing absolute values. The
DLQIl has a MCID value of 4 points (Basraetal. 2015a). A o6 A ItDoOplceonc ept
been proposed in this thesis to allow a more distinguishing analysis of interventional studies.
However, multiple-MCIDs may be a difficult threshold to achieve and the concept requires

extensive further validation, beyond the scope of this work.

1.3.3.2 Diseasespecific measures1 Dermatology

Some may argue that every skin disease would have a specific measure that may be used by
clinicians. However, it would be an arduous task to create many hundreds of questionnaires
and for the clinician might create confusion by having such vast number of measures that
would be virtually impossible to compare. The development of many disease-specific
measures could pose further challenges for health economists who would not be able to

make meaningful comparisons between this data as part of health technology assessments.

h a

Numerous measures exist with the most popular ones including (Chernyshov 2019): I nf ant s

Dermatitis Quality of Life Index (IDQOL), Quality of Life Index for Atopic Dermatitis (QoLIAD),
Childhood Atopic Dermatitis Impact Scale (CADIS), Cardiff Acne Disability Index (CADI),
Acne-specific Quality of Life Questionnaire (Acne-QoL), Skin Cancer Index (SCI), The
Functional Assessment of Cancer Therapy 1 Melanoma (FACT-M), Psoriasis Disability Index
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(PDI), Scalpdex and Chronic Urticaria Quality of Life Questionnaire (CU-Q20oL) and many

more.

Whilst they may have varying degrees of validity, these questionnaires have all been
designed with a specific disease in mind, and therefore patients are more likely to identify
with the QoL domains presented. Therefore, disease-specific measures are ideal for

monitoring a single condition but may not encompass a holistic approach to HRQoL.

Psoriasis-specific QoL measures in particular will be discussed in the following chapter, given

their relevance to the thesis subject.

1.3.3.3 Family measures in Dermatology

Until the last decade, very little attention was given to the impact skin diseases have on the
family members of patients with skin diseases (Basra and Finlay 2007). Once patients are
diagnosed with skin conditions, partners and family members are almost immediately
involved with overall care. Much of this area of research has been conducted in families of
children with atopic dermatitis, given the early onset of the disease and heavy impact on
parents (Lawson et al. 1998). Parents in particular experience a negative impact on their
social life, relationships, finances, lifestyle, family activities and time management (Basra and
Finlay 2007). The impact of skin diseases on the lives of family membersis as diverse as the
impact on the QoL of patients themselves. A summary of the way various family members
may be affected is shown in Figure 1.8, with the greatest impact being on psychological
health including stress, depression, embarrassment and anxiety. The European Academy of
Dermatology and Venereology (EADV) quality of life taskforce has recommended that burden
of disease cannot be accurately evaluated without assessing the impact of a skin condition

on family and caregivers (Sampogna et al. 2017b).
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Figure 1.8 Family quality of life (QoL) areas affected according to gender (Basra and Finlay
2007)
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Partners/spouses are similarly affected, but significant problems have also been described

with sexual relations, particularly due to the location of lesions or pain (Basra and Finlay

2007), which may further be exacerbated with genital involvement (Wojnarowska et al. 1997).
Unsurprisingly, chronic conditions have shown to create problems with intimacy between

partners (Larsen 2002). In some cases, partners are unable to cope or deal with their
partnero6s condition expr essi rfkyuypéerand Westerdd98).on as
Sexual intimacy problems have been reported in up to 23% of patients with various skin

diseases, and often these are difficult to discuss in clinical consultations (Sampogna et al.

2017a).

Whilst there are many studies on the QoL of siblings of children affected with other medical
conditions, notably cancers (Vermaes et al. 2012; Rana and Mishra 2015; Velleman et al.
2016; Glazner 2017; Long et al. 2018; Chudleigh et al. 2019), there is a lack of information on
the impact of QoL on siblings of children affected with skin conditions. It is difficult to compare
from the literature the effect onthe QoL of siblings of skin disease compared to other
diseases, due to the wide variety of instruments that have been used. Siblings of children with
chronic conditions may have the same QoL as their peers (Havermans et al. 2015), but it has

also been suggested that siblings may have increased levels of distress (Vermaes et al.
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2012). The parent child relationship and the sibling bond may also be affected when a child in

the family has a chronic condition (Knecht et al. 2015). These negative interactions with

family members (Marciniak et al. 2017; Angelhoff et al. 2018) coupled with sleep deprivation

can leave patients, and their carers, feeling exhausted, stressed and depressed ( Pust i ge k ¢
al. 2016; Ramirez et al. 2019).

Cultural and religious beliefs no doubt influence the experiences of patients and their families

(Seltzer et al. 1995), but certain themes are commonly shared. Furthermore, assessing the
entire familyds experience as a unit, rat her t
picture of the wider secondary impact of a disease (Basra and Finlay 2007). Nevertheless,

the extended implications of skin disease are apparent. It would be prudent to consider the

i mpact on family quality of Iife alongside pat

planning research studies and making treatment decisions.

To tackle this very issue, several family QoL measures have been created. Some of the more
common ones have been summarised below (Sampogna et al. 2017b).

1.2.3.3.1 Family Dermatology Life Quality Index (FDLQI)

The Family Dermatology Life Quality Index (FDLQI) is a 10 item questionnaire, with a recall

period of one month, assessing the impact on the QoL of adult family members of having an

adult or child in the family with any skin condition (Basra et al. 2007). The questionnaire

includes the domains of emotional and physical wellbeing, relationships, leisure activities,

social life, burden of care, impact on job/study, housework and expenditure. Each question is

scored on a four-pointscale (0-3) wi th the possible answers O6no
littl ebd, 6quite a |l otd and oO6very muchdé. The hi
family members. The FDLQI has been translated into several languages and has been used

in various studies involving atopic dermatitis and other dermatological conditions (Martinez-
Garcza et al . 2014,; Kouris et al. 2015; Wang
et al. 2017; Putterman et al. 2019).

1.3.3.3.2 Dermatitigamily Index (DFI)

The Dermatitis Family Index (DFI) was the first instrument designed to measure the impact of
having a child with atopic dermatitis on the QoL of their adult family members (Lawson et al.
1998). Unlike the FDLQI, this is a dermatitis specific questionnaire. It consists of 10 items
which measures recall over the past week. The DFI measures the impact of QoL in the
domains of housework, food preparation and feeding, sleep of others in the family, family
leisure activities, time spent on shopping, expenditure, tiredness, emotional distress,
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relationships and i mpact of chil dé&3poitsr eat ment .
depending on the option chosenbet ween O Not at all 6, OA littlebo
higher the score, the greater the impact on the QoL of the family member. Whilst there are no

validated banding descriptors for the DFI, some studies have reported non-validated scoring

band descriptors (Al Shobaili 2010; Amaral et al. 2012). This questionnaire has the

advantage of being eczema specific rather than generic: a review of its measurement

properties is given by Dodington et al. (2013).

1.33.3.3 Parents Index of QoL in Atopic Dermatitis (P/&D)

The Parents Index of QoL in Atopic Dermatitis (PIQoL-AD) is another AD specific measure to
assess the impact of the childds AD on the Qol
children up to the age of 8 years (McKenna et al. 2005). Developed on the basis of

multinational qualitative interviews with parents of children with AD, this is a 28 item

unidimensional questionnaire (Meads et al. 2005). The lower the score, the better the QoL, a

change of 2-3 PIQoL-AD points over time is considered meaningful.

1.3.3.3.4 Childhood Atopic Dermatitis Impact Scale (CADIS)

Childhood Atopic Dermaititis Impact Scale (CADIS) is a QoL measure for parents of children

with atopic dermatitis combined with a proxy measure for children under the age of 6 years

(Chamlin et al. 2005). It measures the impact of QoL on the domains of Child Symptoms,

Child Activity Limitations and Behaviour, Family and Social Function, Parent Sleep and

Parent Emotion. This 45-item questionnaire uses a 5-point Likert Scale with the options of

O6never 6, o6érarelyd, O6someti mes, rd&ofstceomré sand amhal
timedb scores 4 giving a maximum score of 180.
the questionnaire can be completed in approximately 6 minutes (Chamlin et al. 2005). Whilst

it does not have score band descriptors, the MCID is considered to be a 12% change from

the total score or a 12% change from any of the individual domains (Gabes et al. 2020) .

1.33.3.5 Psoriasis Family Index (P#)

The PFI-14 is a 14-item questionnaire that is designed to be completed by adult family

members of patients of any age suffering with psoriasis and is completed in two to three

minutes (Eghlileb et al. 2009). It is the first disease-specific measure to assess the QoL

impairment of family members of psoriasis patients. Each of the 14 questions has four
response items: ONot at al | 6,-4réspectivalyt Thd seote, 6A |
ranges from 0 to 42, with the higher values representing worse QoL impairment. Rasch
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analysis of its psychometric properties demonstrated optimal functionality (Basra et al.
2015b).

1.334h G KSNJ WONRBused 2 SN Y S

There are several measures that f alll sli-ghtly

speci fico -sapnedc i6fdiicse.asBhese are measures that

conducted across various disciplines allowing a true comparison between different diseases.

1.33.4.1 Family Reported Outcome Measure (FRTAY

While speciality specific and condition specific questionnaires exist to measure the QoL of
family members, these cannot compare the impact of QoL of family members between
different specialties. Golics et al. (2014) developed the Family Reported Outcome Measure
(FROM-16), based on a qualitative study involving relatives of patients from 26 medical

specialties.

FROM-16 has 16 questions and can be used to assess the QoL of any member of the family
of a patient with any disease. The average completion time is two minutes. FROM-16
consists of two domains: the Emotional domain with 6 questions and the Personal and Social
Lifedomainwith1 0 questi ons. Each question has an
all 6, O6A |littledé and OA |l otd scoring 0, 1
completed in Germany and Thailand and further validation characteristics are being studied.
The FROM-16, while not being condition specific, has the added advantage that it can be
used to compare the QoL of family members across different disciplines in Medicine, thus
making it possible to perform meaningful comparisons in QoL trials involving different medical
conditions, and to use in widespread epidemiological surveys.

Other measures, such as the Impact on Family Scale (IOF), (Stein and Riessman 1980;
Williams et al. 2006) have been validated to measure the impact of QoL on the family
members of children suffering with chronic illness or disability. However, unlike the FROM-16,
which can be used in the family members of patients of any age, the IOF can only be used for
family members of affected children.
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1.33.4.2 Major Life Changing Decisions Profile

Whil st the majority of HRQoL measures | ook

dimension that is often overlooked. Bhatti et al. (2013) have proposed the concept of chronic
conditions affecting OMajor Life Changing
children, relationships or career. Current HRQoL measures usually assess the current impact
of skin disease, and are not designed to capture the long-term impact of conditions on

pat i e n-beng, aspiratibns and life development (Bhatti et al. 2011).

Following an extensive qualitative study, a 32-item measure, covering five domains, called
the Major Life Changing Decisions Profile (MLCDP) was created by Bhatti et al (Bhatti et al.
2013). Patients were recruited from Nephrology, Rheumatology, Cardiology, Dermatology,
Diabetes and Respiratory departments to gather a wide range of recurrent themes. Eating
habits, smoking, drinking and travelling were the most commonly recorded MLCDs across all
specialties.

Though further validation work for the MLCDP is required, it highlights a large area of HRQoL
impact that may often be ignored by clinicians and researchers. This raises concerns about
unidentified patient needs that should be metin a timely manner to allow patients to fulfill key
aspirations and realise their full potential. Additionally, with patients making significant
decisions about career, there may be long-term economic impacts for both patients and wider

society that are not being fully addressed.

1.3.4 HRQoL in psoriasis

1.34.1The efect of psoriasis on HRQoL

Psoriasis has no effect on life expectancy (though as highlighted, is associated with various
co-morbidities), with a significant impact on patient quality of life (Krueger et al. 2001), with up
to three-quarters of patients feeling that psoriasis has such a large impact on their life that it
interferes with their daily activities (Bhosle et al. 2006). Up to a fifth of patients have even
contemplated suicide (Krueger et al. 2001), with many more likely to suffer from depression
compared to the general population (Esposito et al. 2006). As a result, the estimated cost
attributed to psoriasis may rise as high as billions of dollars every year (Sander and Norris

1993). A large proportion of this cost is due to missed work days for the patient, in some
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cases as high as 26 days a year, as well as for their caregivers (De Arruda and De Moraes
2001; Pearce et al. 2006).

The effect of psor i as-rasgingfromemotpr@al, psycmological, | i f e i ¢
physical, sexual and financial consequences (De Arruda and De Moraes 2001; Choi and Koo
2003). Quiality of life impairment may be as severe as or worse than other chronic conditions
such as diabetes and heart disease (Mgller et al. 2015), especially as patients struggle with
perceptions of self-image and feelings of shame and embarrassment (Fortune et al. 2005).
This feeling is particularly reinforced in situations where patients have to expose their bodies
for example at swimming pools, in intimate relationships, or in public changing rooms
(Ginsburg and LINK 1993). In order to cope with this QoL impairment patients often feel the
need to cover up their lesions or completely avoid social situations (Finlay and Coles 1995;
De Arruda and De Moraes 2001; Pearce et al. 2006). The feelings of hopelessness and lack
of control underline the experience of psoriasis patients, given its unpredictability and the lack
of a (Yardyeta. @002). Patients feel that society, and in certain cases even their
dermatologists, fail to truly understand the extent of the impact psoriasis has on their QoL
(Krueger et al. 2001). Furthermore, numerous patients feel physicians are not aggressive

enough with the management of their condition (Krueger et al. 2001).

The correlation between PASI and many HRQoL measures is weak, necessitating the need
for separate assessment of QoL impairment in psoriasis patients. In fact, it has been argued
that as QoL plays such a large part in the lives of patients, it should become the primary
assessment criteria in clinical trials (Krueger et al. 2001). Fiteni et al. (2015) argue that
HRQoL measurement should be a co-primary endpoint along with clinical parameters such as
6overall survival 6 i nermaybelinited by sample sReGiddack oh s t h ¢
validation. Indeed, several studies in Dermatology (Schuttelaar et al. 2010; Staubach et al.
2018; Oliveira et al. 2020) as well as across different specialties (Tonnel et al. 2008;
Farthmann et al. 2016; Marta et al. 2017) have employed HRQoL as a primary endpoint
recognising that maintaining patient QoL should be a key treatment goal. There are various
arguments as to why QoL scores should also be considered as primary assessments such
as: enabling comparison between different diseases, sophisticated development and

extensive psychometric testing of QoL tools, better validity and relevance to patients.

As already highlighted in this chapt(Rasraand her e
Finlay 2007), recognisi ng t he i mpact of psoriasis on the p
Over a half of family members of psoriasis patients felt the burden of care was great.

Furthermore, families felt responsible for taking charge of treatment, often partaking in the
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application of creams and reminding patients when to take treatment (Basra and Finlay
2007). Partners of patients with psoriasis experience a large share of the QoL impairment,
with increased housework, anxiety about the future and embarrassment (Richards et al.
2004). Having a partner with psoriasis further impacts holidays, leisure activities, shopping
and relationships with other family members (Eghlileb et al. 2007). Richards et al. (2004)
have demonstrated that divergent beliefs about the emotional and physical impact of
psoriasis between patients and their partners are associated with psychological outcomes of
worry and depression. Therefore, psoriasis is clearly a condition that has wide-reaching
impact that is not limited to the patient. Identifying these issues and discussing them openly
with patients and the extended family where possible, may help clinicians optimise their care
strategies.

1.34.2HRQoL measurement in psoriasis clinical and research settings

Much of the early recommendations and work in dermatology on QoL has been centred on

psoriasis. Finlay (2005)f i r st proposed O0OThe Ructlades®QbL Tensao,
measurement as part of the overall assessment of psoriasis severity. It states: 1 The Rul e o
Tens for current severe psoriasis from the cli

Body Surface Areainvolved > 10% or PASI score>10orDL QI score > 10. 0

The British Association of Dermatologists (BAD) suggest the following criteria to qualify for
biologic treatment: AOffer biologic therapy 1t
if methotrexate and ciclosporin have failed, are not tolerated or are contraindicated and the

psoriasis has a large impact on physical, psychological or social functioning (e.g. DLQI or
Childrends DLQI > 10 or clinicall y@Snmiteetahv ant de
2020). NICE guidance states failure of at least two systemic therapies and phototherapy are

required before biologic treatment may be considered (NICE 2012)

However, there are discussions on whether a high DLQI or PASI score alone should be

guiding treatment decisions, rather than both PASI and DLQI. This is supported by a

European consensus wheretbyevaltgdlptht oéndsmokbdad:
and DLQI > 10, versus 45.3% of either score achieving 10 (Augustin et al. 2018). Therefore,

HRQoL is an important consideration as part of any clinical consultation.

Numerous generic and specialty-specific measures exist and have been summarised earlier
in this chapter. There are a few psoriasis-specific measures that may be used, and are highly
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sensitive, but the scores do not allow comparison of disease burden and QoL impairment
between different conditions. Nevertheless, studies such as clinical trials often employ more

than one measure as part of their range of outcome measures (Bhosle et al. 2006).

The common psoriasis-specific measures are summarised below.

1.34.21 Psoriasis Disability Index (PDI)

The PDI (Finlay and Kelly 1987a; Finlay and Coles 1995) is designed for patients over the

age of 16, and has a four-week recall period. It consists of 15 questions with a range of 0-45,

with higher scores suggestive of worse QoL i mj
activitieso, 6 wnoarl k roe | astcihoonosl hoi, p sédp, e résloei sur ed a
extensively translated and validated and has also shown to be sensitive to change (Lewis

and Finlay 2005).

1.34.2.2 Psoriasis Life Stress Inventory (PLSI)

The PLSI is a 15-item psychosocial measure about the daily struggles of psoriasis, with a
four-week recall period (Guptaand Gupta 1995). The score ranges from 0-45 (45 being the
worst impairment). A score greater than 10 indicates a significant stress component.
However, psychometric evaluation suggests that the internal reliability may be improved
(Fortune et al. 1997).

1.34.2.3 Psoriasis Index @uality of Life (PSORIQoL)

The PsoriQoL is based on the proposition that: "life gains its quality from the ability and

capacity of individuals to satisfy their needs". Therefore this 25 o6dicho
adopts ®HaGraddsap prwaadevelppedihraugh lgualitative interviews in

three European countries (UK, Italy and Netherlands). It has good construct validity and

reliability with a test re-test coefficient of 0.89 (McKennaet al. 2003). It is interesting to note

that the PsoriQoL does not directly assess disability or impairment, but the effect of these on

QolL.
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1.34.2.4 Psoriasis Family Indedd (PFIL4)

As already described, the PFI-14 is the first disease-specific measure designed for use by
adult family members/partners of psoriasis patients of any age (Eghlileb et al. 2009; Basra et
al. 2015b). The total score ranges from 0-42, with higher scores signifying worse QoL
impairment. Following Rasch analysis, the PFI-14 has been shown to have strong
psychometric pr dimensionalitg sssponsecchtagalhyi fungtionidg, fit statistics,

scale reliability and validity, item targeti ng

There is therefore a plethora of QoL instruments, from generic to disease specific, available
in the clinicianbdbs tool box. Htandardise the usetohQ@olk e h a\
measures only for clinicians T but also for researchers, health technology assessments
(HTAs) as well as for the pharmaceutical industry (Schmitt et al. 2015; Chernyshov 2019).
With a diverse range of measures used across trials and clinical practice, data comparison,
interpretation and application become challenging, especially amongst non-homogenous
patient groups. It is unsurprising that efforts are therefore being put into place to identify core
outcomes in Dermatology for different disease entities, recommending a core set of outcome
measures that should be used in all clinical studies, so that direct comparisons can be made.
These core outcomes should include standardised and validated measures in order to
provide valuable information for clinicians, researchers, health economists and policy makers
(Kottner et al. 2018).
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1.4 Aims & Objectives of PhD Thesis

It is apparent that psoriasis has a significar

there are certain limitations and deficiencies in the way psoriasis is assessed, and this results

in an impact on real world clinical practice.

There are no ideal measures to assess clinical severity or impact on QoL, though the PASI
and DLQI are the most commonly used tools for this purpose. Furthermore, QoL plays such
an important role in the management of psoriasis, that there is an argument that it may be
sufficient alone as a measure of treatment success. As a result, QoL information may further

be useful in making clinical decisions for therapy recommendations.

This PhD work aims to conduct three studies to improve our understanding of how QoL plays
arole in the assessment and management of psoriasis, and how the data are translated to
healthcare policy makers for better allocation of resources on a need by need basis. It is
hoped this work will therefore improve the management of psoriasis from the perspective of

the patient, the physician and healthcare decision makers.

The three broad aims and objectives are:

1) To conduct a systematic review to identifying patterns of utility and reporting of QoL
measures in psoriasis and devise a set of recommendations

2) To compare the conventional paper-based and the novel application versions of the
DLQIl and PASI

3) To develop a suitable mapping model to predict EQ-5D utility values from DLQI item

scores

The structure of the PhD thesis supporting the aims and objectives of the project is
summarised in Figure 1.9.
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Figure 1.9 Structure of the PhD thesis*

PhD Thesis
1 |
Systematic Electronic Mapping DLQI
review DLQI/PASI | EQ-5D scores

( To identify RCTs of \

therapiesin psoriasisthat
have assessed QoL

- To evaluate the absolute
therapy impacton QoL

- To identify patterns of
utility and reporting of
QoL data, includingthe
minimal clinically
importantdifference
(MCID)

( To assessthe

J

\application

correlation betweenthe
DLQI scoresassessed
by the two different
methods: standard
paper-based DLQIl and
the DLQI application

- To assesstheinternal
consistency and
reliability of the DLQI

- To examinethe \

relationship betweenthe
DLQland EQ-5D and
suggestasuitable
approach for building the
mapping model using
OLR

- To constructan
improved model based on
existing data

- Tousethemodelto

J

\I/

Synthesise studies

Recommendations on QoL measurement, reporting and
translation to health utilities

*DLQI - Dermatology Life Quality Index,
EQ-5D - EuroQoL i Five-Dimensions,

MCID - Minimal Clinically Important Difference,

OLR - Ordinal Logistic Regression,

PASI - Psoriasis Area Severity Index,

QoL - Quality of Life,

RCT - Randomised Controlled Trial
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Chapter2: A systamatic review of the impact on
health-related quality of life of topical, systemic
and biologic therapies for psoriasis
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2.1 Introduction

For a patient suffering with psoriasis, quality of life (QoL) improvementis as important as
improvement of clinical manifestation (Langley et al. 2005). As a result, health-related QoL
(HRQol) instruments are increasingly being adopted as outcome measures (Finlay and
Coles 1995; Gordon et al. 2003; Menter et al. 2009; Thagi et al. 2014) in clinical and research
settings (Finlay 1998; Basra and Shahrukh 2009). Consequently, there have been various
types of HRQoL instruments that have been developed and used in medicine including
generic, speciality-specific and disease-specific tools. However, patients prefer disease
specific tools as these are perceived as more relevant to them and their disease state (de
Korte et al. 2002).

Several reviews have been conducted examining the impact of psoriasis interventions on
QoL over the last twenty years (De Korte et al. 2004; Katugampola et al. 2007; Reich et al.
2008; Frendl and Ware Jr 2014). De Korte et al. (2004) reviewed QoL data correlating clinical
and demographic aspects and found that psoriasis patients suffer from emotional difficulties,
physical discomfort and issues surrounding body image as well as experiencing significant
limitations to daily social and work life. Kitchen et al. (2015) carried out a systematic review
(SR) of patient-reported outcome measures and evidence to demonstrate validation in
psoriasis. The authors have reported that existing outcome measures lack an adequate level
of feasibility, sensitivity to change and acceptability for both physicians and patients alike,
concludng that there is a need for a PRO that
Despite these criticisms, the currently available PROs are widely used with this review
highlighting the importance of recording and analysing QoL in psoriasis. However, there is a
need to assess how QoL has been reported in previous studies and trials, which instruments
have been used by researchers, and what has been the effect of interventions in terms of
QoL. There are no formal guidelines for the use of PROs in trials of psoriasis resulting in
heterogeneous data that are often difficult to collate and compare (Kitchen et al. 2015).
Therefore, a comprehensive review on the use of QoL instruments in randomised controlled
trials (RCTs) for interventions in psoriasis would be considerably useful for researchers and
clinicians alike. It is hoped that as a result of this review, the groundwork for standardising
QoL measurement and reporting may be achieved.
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2.2 Aims & Objectives

The main aim of this systematic review is:

9 to analyse patterns of utility and reporting of QoL in RCTs of therapies in psoriasis

and devise a set of recommendations based on current practices

This overarching aim will be achieved using a series of objectives:
9 to evaluate the absolute therapy impact on QoL in psoriasis RCTs
I toidentify the most commonly used QoL measures in psoriasis RCTs
1 to assess the use of the minimal clinically important difference (MCID) across different
QoL measures in psoriasis RCTs

This SR should reveal how QoL instruments have been used across interventional trials of
psoriasis, including reporting and consideration of the MCID, frequency of measurement and
sensitivity to change. The MCID is the smallest change in outcome that patients consider
important thereby justifying a change in patient management. Therefore, this aspect of QoL
reporting is particularly important in the interpretation of QoL scores (Wright et al. 2012).
The review may be useful for those who wish to understand the types of instruments used,
their patterns of use, and the QoL impact of various interventions used for the treatment of

psoriasis. The protocol for this SR is provided in Appendix I.

2.3 Methods

2.3.1 Two independent reviewers

Systematic reviews require two independent reviewers for the identification and appraisal of
literature, with a third independent adjudicator to reconcile differences of opinion. The
detailed methodology is described below. The SR process was started in October 2014 with a
colleague at the Department of Dermatology, Cardiff University, Dr. Andrea Cueva (AC) who

acted as the second reviewer.
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2.3.2 Data sources searched

Six computerised bibliographical databases were searched to include any publications up to
November 2014: Cochrane Library CENTRAL, MEDLINE, MEDLINE In-Process & Other
Non-Indexed Citations, EMBASE, WEB OF SCIENCE Core Collection, SCOPUS. Due to the
volume of data and restrictions in the ability to perform translations, the search was restricted
to publications in English and was conducted using PRISMA (Preferred reporting items for
systematic reviews and meta-analyses) guidelines. The systematic review was registered at
the inception on The International Prospective Register for Systematic Reviews
(PROSPERO) and is available for citing: https://www.crd.york.ac.uk/PROSPERO/,
Registration no: CRD42015009193).

In order to identify the most relevant publications for a topic a list of keywords must be

devi sed, alongside search filters. Keywords, f
words pertinent to the topic of interest. These are often very focussed to avoid unnecessary

results. Subsequently, search filters utilise these keywords in specific ways to focus the

search to more relevant articles. Different databases employ slightly different filters to

enhance the search precision and at times tried and tested search strategies may be utilised.

For this systematic review, a total of 388 keywords were formulated using Scottish

Intercollegiate Guidelines Network (SIGN) and COCHRANE search filters for RCTs and

School of Health and Related Research (SCHARR) search filters for QoL. These are an

existing list of keyword/search filters that have previously been proven to work for certain

concepts and were therefore used as part of this review. Keywords for psoriasis treatments

were identified after a pilot search was conducted of other SRs on psoriasis treatments and of

the British National Formulary (BNF). The list of keywords, filters and search strategies for

each database is provided in the Appendix (Appendices II-VII). Supplementary searches

were conducted of tri a | regi sters and oO6grey |literatureodo i

unpublished results.

The following trials registers were searched:
1 The metaRegister of Controlled Trials (http://www.isrctn.com).
1 The US National Institutes of Health Ongoing Trials Register (www.clinicaltrials.gov).
1 The Australian New Zealand Clinical Trials Registry (www.anzctr.org.au).
1 The World Health Organization International Clinical Trials Registry platform
(www.who.int/trialsearch).

1 The EU Clinical Trials Register (https://www.clinicaltrialsregister.eu/).
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Abstracts of proceedings from the following major dermatology conferences that were not
already recorded in the Cochrane Skin Group Specialised Register were also searched:
1 American Academy of Dermatology (AAD);
British Association of Dermatologists (BAD);
European Academy of Dermatology and Venereology (EADV);

1
1
1 European Society for Dermatological Research (ESDR);
9 International Investigative Dermatology (lID); and

1

Society for Investigative Dermatology (SID).

Reference lists of all included studies and of recent reviews were also assessed. Emails were
sent to authors of conference abstracts, meeting posters and letters to editors to check for
unpublished RCTs. If there was no response and if data was inadequate, the citation was
discarded. Authors were also contacted where necessary to determine if a study met the

criteria for inclusion and to obtain further data if required.

2.3.3 Selection criteria

RCTs regardless of publication status (published, unpublished, in press, or in progress),
including cross-over trials with open-label extensions, of any psoriasis treatment were
included. It was a requirement that at least one QoL instrument was used in a population
comprising of adults (aged 18 and over) suffering with psoriasis, of either sex and of any
ethnicity, including all subtypes of psoriasis. Treatments included (but not limited to): systemic
therapy, topical therapy, physical therapy (including ultra violet therapy) and psychological
therapy with comparisons to placebo or any other active intervention. Psoriatic arthritis trials
were only included if a skin-specific QoL instrument was used to differentiate QoL impairment
caused by arthritis from that caused by psoriasis. Only papers where the total scores for the
QoL tools were provided were included, with the exception when QoL questionnaires are
designed with several subsections and are validated to be reported with subtotals (as

opposed to a final total score).

2.3.4 Exclusion criteria

The exclusion criteria for the SR were as follows; psoriatic arthritis studies where it was not

possible to differentiate data on QoL impact of arthritis from QoL impact of psoriasis, studies
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which included any patient less than 18 years of age, and articles where the change in QoL
values were not reported or could not be reliably calculated (including where only graphical
representation of data was provided). For consistency, QoL data only presented as sub-
scales, where total scores are usually calculated, were excluded. Abstracts and posters
where further data was not available upon contacting the author were also excluded. For
studies with an open label extension, the data was extracted only for the period of the study
while it was randomised and controlled. For cross-over trials, the data was only extracted
prior to the crossover (i.e. first sequence), as patient baseline data changes after the cross-
over occurs with a change in disease severity and the blinding of trials may end introducing

bias.

2.3.5 Outcome measures extracteflom published articles

2.3.5.1Primary Outcome

Datarecordedi n t he pre designed ihduded @oLestraime@GS)t i on t e
used and scores at baseline, treatment and follow-up endpoints and change in QoL attributed

to treatment. For studies with an open label extension, the data was only extracted for the

period of the study while it was randomised and controlled. For cross-over trials, the data was

extracted prior to the crossover.

2.3.5.2Secondary Outcomes

PASI score or any other psoriasis severity scale (PSS) used for clinical correlation. Therefore,
the following were recorded where possible:
1. PASI scoreOR
2. The proportion of participants attaining PASI 50, 75, and 90, defined as a 50%, 75%,
or 90% reduction in PASI score relative to the baseline PASI score immediately prior
to treatment initiation OR

3. If 1 or 2 not available, the primary Psoriasis Severity Scale used was recorded

2.3.6 Data extraction and synthesis

Two reviewers (FA and AC) extracted the data independently from all eligible published
studies, discussed any disagreements and if necessary involved a third reviewer (Ausama
Atwan, AA) for resolution. A form for recording data was adapted (Higgins and Green 2008)
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that included study design, details of administration and duration of treatment and follow-up.
Parts of the Cochrane Risk of Bias tool were also incorporated into this form (Appendix VIII).

The risk of bias was graded as 'low’, 'high’, or ‘unclear' for each of the following domains:

(a) random sequence generation;

(b) allocation concealment;

(c) blinding of participants, personnel, and outcome assessment;

(d) incomplete outcome data;

(e) selective outcome reporting (we checked trial databases to ensure that reported outcomes
matched to those prospectively listed); and

(f) other sources of bias, such a selection or attrition bias

Though it was not part of the inclusion criteria, article quality was rated from low to high
based on methodological robustness using the Jadad score (Appendix IX)(Jadad et al. 1996).
The PASI (or any other PSS) and all QoL data including the baseline, treatment and follow-up
endpoint scores were recorded, along with information on whether studies detailed QoL

percentage change, full scores, graphs or MCID.

2.4 Results

A total of 3593 records were identified through database searching and 53 through other
sources (e.qg. trial registries and hand-searching). After the removal of duplicates (n=1630)
and initial screening, 99 articles met the inclusion criteria, describing 100 RCTs and 33,215
patients (Figure 2.1).
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Some trials were reported in more than one publication: all relevant references are given in
Table 2.1. Sixty-three studies were placebo-controlled, 33 head-to-head trials and 36 tested a
single drug in different dosage regimens or formulations (the total is greater than 99 as some
studies fulfilled more than one criterion). Although Jadad scores (Jadad et al. 1996) were not
integral to the inclusion criteria, Table 2.1 ranks interventions from low to high based on their

methodological quality per interventional category.

Four articles were sent to the adjudicator (AA) for differences of opinion between the two
independent reviewers, of which the study by Leaute-Labreze et al. (2001) was excluded due
to an inappropriate QoL measure being utilised. The other three queries pertained to:
- whether intention-to-treat analysis (ITT) was performed in the study by Flytstrom et al.
(2008)
- The blinding risk in the study by Ho et al. (2010)
- Confirmation of treatment duration of the study by Tabolli et al. (2012)

These were all resolved for the final analysis.
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Table 2.1 Included studies: Jadad score, treatment duration, sample characteristics, QoL instruments and main psoriasis severity scale used.

same

Where appr ompird apwebldscaaltai ons also included i .e. data from the
publications
Main QoL article, Year (&alami6 J | Interventions Treatment | Number | QoL instruments used Psoriasis
publications used to derive non-QoL | a | (Grouped per intervention, ranked by End point | of severity
data) d | increasing Jadad score) (Weeks) Subjects scale
a Unless used
d specified (Primary)

BIOLOGICS

Asahina et al. (2010) 3 | Adalimumab vs Placebo 24 169 DLQI", SF-36 PASI
Genovese et al. (2007) 4 | Adalimumab vs Placebo 12 100 DLQI', HAQ-DI', SF-36" ¢S | PGA
ONLY) 'FACIT FA
Mease et al. (2005) 4 | Adalimumab vs Placebo 24 313 DLQI, HAQ-DI’, PASI
SF-36" (PCS ONLY)
Shikiar et al. (2007), Gordon et al. 4 | Adalimumab vs Placebo 12 148 DLQI, EQ-5D", PASI
(2006), Menter et al. (2010)
50 SF_36* (EXCEPT FOR PCSIN 40 MG

EOW ARM)

t

r



Revicki et al. (2007), Kimball et al. Adalimumab vs Placebo 16 1212 DLQI", SF-36" PASI

(2011), Menter et al. (2008b),

Revicki et al. (2008a), Revicki et al.

(2008a)

Revicki et al. (2008b), Saurat et al. Adalimumab vs MTX 16 271 DLQI', EQ-5D" PASI

(2008), Navarini et al. (2014), Saurat

et al. (2011)

Thaci et al. (2010), Paul et al. (2012) Adalimumab + CAL/BD vs Adalimumab | 16 730 DLQIA PASI
+ Vehicle

Lui et al. (2012) Alefaceptvs nUVB 16 98 DLQIA PASI

Ellis et al. (2003), Ellis and Krueger Alefacept vs Placebo 12 205 DLQI°, SF-36°, DQOLS® PASI

(2001)

Finlay et al. (2003), Lebwonhl et al. Alefacept vs Placebo 12 507 DLQIA DQOLS" 15MGARM PASI

(2003) ONLY) GF-36" (PCS ONLY)

Yan et al. (2011) Alefaceptvs MTX 12 212 DLQIA SF-36* PASI

Papp et al. (2014), Gordon et al. Briakinumab vs Placebo 12-40 2209 DLQI", SF-36° PASI

(2012)

Gordon et al. (2014), Papp et al. Brodalumab vs Placebo 12 198 DLQI, PASI
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(2012D)

SF_36* (140 MG ARM ONLY, AND MCS

FOR 210 MG ARM)

Gladman et al. (2014), Mease et al. Certolizumab vs Placebo 24 409 DLQI", SF-36", PSAQOL", PASI
(2014)

HAQ-DI'
Reich et al. (2012) Certolizumab vs Placebo 12 176 DLQI° PASI
Dubertret et al. (2006), Ortonne et Efalizumab vs Placebo 12 793 DLQI", SF-36" PASI
al. (2005)
Gordon et al. (2003), Menter et al. Efalizumab vs Placebo 12 556 DLQI", PSA" PASI
(2005)
Cassano et al. (2006) Etanercept (Dose-comparison) 12 108 DLQI* PASI
Dauden et al. (2009), Ortonne et al. Etanercept (Continuous vs Intermittent) | 54 720 DLQI", EQ-5D* SF-36* PASI
(2008), Luger et al. (2009)
Gelfand et al. (2008), Moore et al. Etanercept (Continuous vs Intermittent) | 24 2546 DLQI°, EQ-5D° (EuroQoL- PASI
(2007) FT), SF-36°
Gniadecki et al. (2012), Sterry et al. Etanercept (Dose-comparison) 12 752 DLQI', EQ-5DA HAQ-DI* PASI
(2010)
Lynde et al. (2012) Etanercept vs Etanercept + nUVB 12 75 DLQI* PASI
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Ortonne et al. (2013) Etanercept (Dose-comparison) 24 72 DLQI° PASI

Thagi et al. (2014), Strohal et al. Etanercept (Dose-comparison) 12 273 DLQI PASI

(2013)

Zachariae et al. (2008) Etanercept + MTX (Tapered vs 24 59 DLQI', EQ-5DA PASI
Continued)

Krueger et al. (2005), Papp et al. Etanercept vs Placebo 12 583 DLQI", SF-36" PASI

(2005)

Feldman et al. (2005b), Leonardi et Etanercept vs Placebo 12 652 DLQI PASI

al. (2003)

Gottlieb et al. (2003b) Etanercept vs Placebo 24 112 DLQI PASI

Reich et al. (2009), van de Kerkhof Etanercept vs Placebo 12 142 DLQI", SF-36" PASI

et al. (2008)

Tyring et al. (2007), Tyring et al. Etanercept vs Placebo 12 618 DLQI PASI

(2006)

Reich et al. (2013), extension of Infliximab (Continuous vs Intermittent) 100 441 DLQI°, SF-36° PASI

trial: Barker et al. (2011)

Yang et al. (2012) Infliximab vs Placebo 10 129 DLQI PASI
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Barker et al. (2011) Infliximab vs MTX 16 868 DLQI", SF-36" (PCS ONLY), PASI
EQ-5D"

Feldman et al. (2008), Menter et al. Infliximab vs Placebo 10 1430 DLQI", SF-36 PASI

(2007)

Torii and Nakagawa (2010) Infliximab vs Placebo 14 54 DLQI PASI

Bissonnette et al. (2011) Infliximab vs Placebo 14 24 DLQIA m-PPPASI

Feldman et al. (2005a), Gottlieb et Infliximab vs Placebo 10 249 DLQI PASI

al. (2004)

Reich et al. (2006), Reich et al. Infliximab vs Placebo 24 378 DLQI", SF-36" PASI

(2005)

Krupashankar et al. (2014) Itolizumab (Loading dose vs. Non- 12 225 DLQI°, SF-36° PASI
loading dose)

Leonardi et al. (2012) Ixekizumab vs Placebo 8 142 DLQI PASI

Langley et al. (2014) Secukinumab vs Etanercept vs Placebo | 12 2044 DLQI" (VS PLACEBO ONLY) PASI

Mamoilo et al. (2014) Tofacitinib vs Placebo 12 197 DLQI", SF-36° PASI

Paul et al. (2014), Reichet al. Ustekinumab + MTX (Gradual vs. 16 489 DLQI°, EQ-5D°, VAS® PASI

(2014)

Immediate withdrawal)
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Nakagawa et al. (2012), Igarashi et | 3 | Ustekinumab vs Placebo 12 158 DLQI", SF-36" PCSONLY) ' PDJ" | PASI
al. (2012)

Kimball et al. (2012), Leonardi etal. | 3 | Ustekinumab vs Placebo 12 766 DLQI", SF-36° PASI
(2008), Lebwohl et al. (2010),
Kimball et al. (2013)

Zhu et al. (2013) 3 | Ustekinumab vs Placebo 12 322 DLQI PASI
Langley et al. (2010), Papp et al. 4 | Ustekinumab vs Placebo 12 1230 DLQI PASI
(2008b)

Mclnnes et al. (2013) 4 | Ustekinumab vs Placebo 24 615 DLQI', HAQ-DI', PASI

SF_36* (EXCEPT MCS IN 45 MG ARM)

Kavanaugh et al. (2010), Gottlieb et | 5 | Ustekinumab vs Placebo 12 146 DLQI", HAQ-DI PASI
al. (2009)
Tsai et al. (2012), Tsai et al. (2011) | 5 | Ustekinumab vs Placebo 12 121 DLQI PASI

SYSTEMICS

Strand et al. (2013), Papp et al. 5 | Apremilast vs Placebo 16 352 DLQI" (EXCEPT 10 MG ARM) PASI
(2012a)
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SF 36" (MCS ONLY)

Moller et al. (2010) Chondroitin Sulphate vs Placebo 12 116 DLQIA, SF-36* PASI

Beissert et al. (2009) Ciclosporin vs Mycophenolate Mofetil 12 54 PDIA PASI

Thaci et al. (2002) Ciclosporin (Body-weight dependent 12 212 PDI° PASI
dose vs Independent dose)

Roberti et al. (2014) Cytokines (low dose) 12 41 DLQI PASI

Bagel et al. (1998) DAB389IL02 vs Placebo 4 70 DLQI° PASI

Greenberger et al. (2012) Dunaliella bardawil (9-cis b-carotene) vs | 12 44 DLQI PASI
Placebo

Salim et al. (2006) MTX + Folic acid vs MTX 12 22 DLQI* PASI

Kaltwasser et al. (2004), Nash et al. Leflunomide vs Placebo 24 190 DLQI', HAQ" PASI

(2006)

Faurschou et al. (2015) Liraglutide vs Placebo 8 20 DLQIA PASI

Flytstrom et al. (2008) MTX vs Ciclosporin 12 84 DLQIA SF-36" (PCSONLY) PASI

Asawanonda and Nateetongrungsak MTX + nUVB vs MTX + Placebo 24 24 DLQIA PASI

(2006)
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Ho et al. (2010) 2 | Traditional Chinese Medicine vs MTX 24 61 PDI" (FORMTX VS PLACEBO) PASI
Gupta et al. (2008) 3 | Voclosporin vs Placebo 12 201 DLQI°, PDI° PASI
Kunynetz et al. (2011), Papp et al. 5 | Voclosporin vs Placebo 12 451 DLQI" (FORO.3AND 0.4 MG PASI
(2008a) ARMS)’ le* (FOR 0.3 AND 0.4 MG

ARMS)
Drouin et al. (2008) 5 | XP-828L (Dermylex) vs Placebo 8 26 DLQI PASI

PHOTOTHERAPY
Koek et al. (2006) 2 | Home UVB (TL-01) vs Outpatient UVB | 6 4 6 PDIA SF-36°, EQ-5D° PASI
(TL-01) irradi|196
Gahalaut et al. (2014) 2 | PUVAsol + Isotretinoin vs PUVAsol 12 40 DLQI PASI
Klein et al. (2011) 2 | Synchronous balneophototherapy vs 635 367 PDIA SIP", PASI
nUVB monotherapy sessio
FLQA_d*(PHYSICAL
COMPLAINTS AND GLOBAL HEALTH
ONLY)

TOPICALS
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Choonhakarn et al. (2010) Aloe Vera vs Triamcinolone 8 75 DLQI* PASI
acetonide
Ortonne et al. (2014) Betamethasone valerate dressing vs 4 324 DLQI TSS-4
CAL/BD ointment
Wall et al. (1998) CAL vs Dithranol 12 306 PDIA, SIPA IGA
Ortonne et al. (2009), Kragballe et CAL/BD scalp formulation vs CALscalp | 8 312 SF-36*, Skindex-16" TSS
al. (2009) solution
Saraceno et al. (2007) CAL/BD vs CAL 4 150 Skindex-29° PASI
Zheng et al. (2011) CAL/BD vs CAL 4 320 DLQI VAS
De Korte et al. (2008), Van De CAL vs Dithranol 12 106 Skindex-29*, SF-36* Modified
Kerkhof et al. (2006) PASI
Menter et al. (2013) CAL/BD vs BD vs CAL vs Vehicle 8 1152 DLQI" (EXCEPT VS CALGROUP) | PASG]
van de Kerkhof (2004) CAL/BD vs CAL vs Placebo 4 828 EQ-5D", PDIA PASI
Woo and McKenna (2003) CAL +nUVB vs CAL vs Vehicle 20 sessions | 50 PDIA PASI
Hutchinson et al. (2000) Calcitriol vs Dithranol 8 114 PDI’ PASI
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Bergstrom et al. (2003) Clobetasol (Foam vs Cream/Solution) 2 32 DLQI* EQ-5D PASI

Menter et al. (2009) Clobetasol propionate vs Calcipotriene | 4 93 PQOLSA OoDS
+ Betamethasone dipropionate

Mraz et al. (2008) Clobetasol propionate (Spray vs Foam) | 2-4 77 DLQI IGS

Sofenet al. (2011) Clobetasol propionate spray vs Vehicle | 4 81 Scalpdex” GSS

Prins et al. (2005) Dithranol (Short contact) + nUVB vs 8-12 238 SIP", PDI" PASI
Dithranol (Inpatient)

Alora-Palli et al. (2010) Liquor Carbonis Distillate (LCD) 12 60 DLQIA Modified
Solution vs Calcipotriene cream PASI

Bernstein et al. (2006) M. Aquifolium vs Placebo 12 200 QLr PASI

Tiplica and Salavastru (2009) Mometasone furoate 0.1% + Salicylic 1 359 DLQI° PASI
acid 5% vs Mometasone furoate 0.1%

Galvez et al. (2012) Sulphurous Mineral Waters Spray vs 2 39 DLQI PASI

OTHERS

Distilled Water Spray
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Lu et al. (2012) Auricular therapy + Yinxieling formulavs | 8 84 DLQIA PASI
Yinxieling formula

Schmittet al. (2014) Interdisciplinary dermatological and 24 a7 DLQIA PASI
psychiatric care for psoriasis vs
Dermatological care for psoriasis

Ersser et al. (2012) Educational nursing intervention vs No | 6 64 DLQI* PASI
education intervention

Bostoen et al. (2012) Educational programme vs No 12 29 DLQI", PDI, Skindex-29* | PASI
educational intervention

Vedhara et al. (2007) Emotional disclosure vs Standard 0.5 59 DLQI° PASI
control writing intervention

Guida et al. (2014) Patients on immunosuppressives: 24 44 DLQI PASI
Energy-restricted diet vs Usual diet

Jensen et al. (2013) Low energy diet vs Standard routine 16 60 DLQI PASI
dietary guidance

Fordham et al. (2015) MCBT vs Usual treatment 8 29 DLQI SAPASI

Chambers et al. (2012) Online Healthcare Delivery vs In-Office | 16 64 DLQI°, EQ-5D° PASI
Care

Tabolli et al. (2012) Writing exercise (Pennebaker) vs 0.5 202 Skindex-294, SF-364, PASI
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Educational intervention GHQA

Footnote
“Indicates significant improvement versus comparator(s)
Alndicates no significant improvement versus comparator(s)

9 Indicates no significance data was provided
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2.4.1 Interventions assessed

Of the 100 trials that measured QoL, 33 tested topical, 18 systemic, 39 biologics, 9

phototherapy, and 10 tested other interventions including educational treatments, diet, writing

exercises, balneotherapy, auriculotherapy, relaxation therapies and interdisciplinary care

(Table 2.1, Figure 2.2). The number of studies reporting each topical intervention were:

calcipotriol (13 trials), calcipotriol/bethametasone (7), clobetasol (4) and dithranol (4).

Systemic medications trials included: methotrexate (7), ciclosporin (3) and voclosporin (2).
Biologic trials included etanercept (14), ustekinumab (8), adalimumab (7), infliximab (6) and

alefacept (4). Quality of life was evaluated in nine phototherapy trials. In the category of
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The mean Jadad score was 3.34 (range 1-5, Table 2.1). QoL was tested a range of 2-6 times

for topical, 2-25 times for systemic and 2-12 times for biologic interventions. Sixteen trials
lasted more than 12 weeks, 49 from 12 to 24 weeks and 35 under 24 weeks. The subject

number ranged from 20 (Faurschou et al. 2015) to 2546 (Gelfand et al. 2008) patients, with a

mean male: female ratio of 1.7:1 per study arm. Mean PASI scores at baseline ranged from

1.7to 33.1.
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The range of mean QoL scores at baseline were: DLQI 1.7-20.1 (Minimum-maximum for this
measure = 0-30); Short Form 36 (SF-36) physical component summary (PCS) 32.7-56.2 (0-
100) and mental component summary (MCS) 35.7-52.4 (0-100); EuroQoL (EQ-5D)
Component 1 0.48-0.74 (0 to 1), EuroQoL Component Il 55.3-76.4 (0-100); and Psoriasis
Disability Index (PDI) 7.6-52.6 (0-90).

2.4.2 Types of quality of life instruments

Thirteen instruments were used to measure QoL ; some studies used more than one. Five
generic instruments were used: the SF-36 (Ware Jr and Sherbourne 1992); EQ-5D (Group
1990); General Health Questionnaire (GHQ-12) (Goldberg and Hillier 1979; Piccinelli et al.
1993); Quality of Life Index (QLI) (Ferrans and Powers 1985); and Sickness Impact Profile
(SIP) (Bergner et al. 1981; Finlay et al. 1990). In addition, four dermatology specific
instruments, three specific to psoriasis and one for scalp dermatitis were used: DLQI (Finlay
and Khan 1994); Skindex (Chren et al. 1996); Dermatology Quality of Life Scales (DQOLS)
(Morgan et al. 1997); Freiburg Life Quality Assessment (FLQA-d) (Augustin et al. 2000); PDI
(Finlay et al. 1990); 12-ltem Psoriasis Quality of Life Questionnaire (PQOL-12) (Koo et al.
2003); Psoriatic Arthritis Quality of Life measure (PsAQoL) (McKennaet al. 2004); and
SCALPDEX (Chenet al. 2002). Of these, the DLQI was the most commonly used QoL
instrument (number of studies=83, 83%), followed by the SF-36 (31, 31%), EQ-5D (15, 15%),
PDI (14, 14%) and Skindex (5, 5%).

2.4.2.1Characteristics of the most commonly used qtslof life instruments

The DLQI (Finlay and Khan 1994), a dermatology-specific instrument, assesses QoL over
the past week. It comprises 10 questions in six categories: symptoms/feelings; daily
activities; leisure; work/school; personal relationships; and treatment. Scores range from 0 to
30: higher signifies worse QoL. The MCID was considered to be a score change of five (Khilji
2002) but is now reported as four (Basra et al. 2015c). The DLQI was the most commonly
used instrument, in 83 of the RCTs: 32 (39%) trials reported the MCID. Change in mean
DLQI scores from baseline to treatment end (Figure 2.5) ranged from -14.4 (Guida et al.
2014) to +3.0 (Reich et al. 2013).

The SF-36 (Ware Jr and Sherbourne 1992) is a general health status questionnaire
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evaluating eight daily activity domains: physical function; role limitations due to (i) physical,
(i) emotional and (iii) social role functioning; physical problems; bodily pain; mental health;
vitality; and general health perceptions. Scores are separated into physical (PCS) and mental
(MCS) component summaries. The scale score ranges from 0to 100 for each component:
higher signifies better QoL. The MCID is a change of three in the total score (Samsa et al.
1999). The SF-36 was used in 31 trials and MCID reported in 10 (32%). The mean SF-36
change from baseline to treatment end (Figure 2.3), ranged from PCS -7.4 (Reich et al.
2013) to +10.1(Ortonne et al. 2005; Dubertret et al. 2006) MCS from -0.3 (De Korte et al.
2008) to +12.2 (Ortonne et al. 2005). The SF-36 score of 50 reflects average QoL of the

general population.
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Figure 2.3 The absolute change in SF-36 scores (PCS & MCS) for interventions identified in

the systematic review

Change in MCS score from baseline

~12.0

= 2
7 f

R = X1

—Writing exercise (Pennebaker) at 1 week
FUstekinumab 90 mg at 24 weeks
—Ustekinumab 90 mg at 12 weeks
Ustekinumab 45 mg at 24 weeks
—Ustekinumab 45 mg at 12 weeks

~Tofacitinib 5 mg at 12 weeks

—Tofacitinib 2 mg at 12 weeks

FTofacitinib 15 mg at 12 weeks

Sinfliximab 5 mg/kg at 24 weeks

FInfliximab 5 mg/kg at 10 weeks

Finfliximab 5 ma/kg (Intermittent) at 50 weeks
Hinfliximab 5 mg/kg (Intermittent) at 100 weeks
—Infliximab 5 mg/kg {Continuous) at 50 weeks
Finfliximab 5 mg/ kg (Continuous) at 100 weeks
=infliximab 3 mg/kg at 10 weeks

infliximab 3 mg/kg (Intermittent) at 50 weeks
Finfliximab 3 mg/ kg (Continuous) at 50 weeks
—Efalizumab 1 mg/kg at 12 weeks
—Educational intervention at 1 week
~Dithranol Once Daily at 12 weeks
—Chondroitin sulphate 800 mg at 12 weeks

—Certolizumab 400 mg at 24 weeks

Intervention

MCertolizumab 200 mg at 24 weeks
HCalcipotriol Twice Daily at 12 weeks

—Calcipotriol scalp solution Twice Daily at 8 weeks

| Calcipotriol bethametasone scalp formulation Once
Daily at & weeks

FBrodalumab 70 mg at 12 weeks
FBrodalumab 280 mg at 12 weeks
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The EQ-5D (Group 1990) is a generic QoL instrument, also used for economic evaluation of
therapeutic interventions. It has two components: (1) index score; and (Il) visual analogue
scale (VAS). Component | has five items rating mobility, self-care, usual activities,
pain/discomfort and anxiety/depression using three points (none, some or extreme
problems). These scores are assigned a health-state from Oto 1: higher represents better
QoL. In Component Il patients choose a number from 0 to 100 representing their current
health status: higher means better health status (Group 1990; Revickietal. 2008b). The EQ-
5D was used in 15 trials, 6 reported MCID.

The Psoriasis Disability Index (PDI) has 15 psoriasis-specific QoL items in five categories:
daily activities; work or school; personal relationships; leisure; and treatment. Each item is
scored from 0 to 6 (total 0 to 90): higher represents worse QoL (Finlay and Kelly 1987b;
Finlay et al. 1990). The PDI was used in 14 trials: the MCID is not known.

Skindex (Chren et al. 1996) is a dermatology-specific instrument with four versions: Skindex
(61 items); Skindex-29 (29 items); Skindex-17; and Skindex-16. The Skindex-29, used in four
trials, consists of physical score (7-35 points), emotional (10-50) and psychosocial sphere
(12-60). The total score, indicating the effect on QoL during the past month (past week for
Skindex-16) ranges from 29 to 145: higher represents worse QoL (Lambert et al. 2011).
Skindex was used in five RCTs, MCIDs for Skindex versions have not been published,
though a meaningful score change for dermatomyositis has been recently described (Ahmed
et al. 2020).

2.4.3 Minimal Clinically Important Difference

The MCID of QoL measures may be determined using several methodologies, and at least
nine approaches have been reported (Crosby et al. 2003). These may be categorised into
two main groups: anchor-based and distribution based approaches. Whereas the former
incorporates patient perspective, the latter determines MCID using statistical significance.
The anchor-based method is the most commonly used for determining the MCID, as used in
the case of the DLQI (Basra et al. 2015c).

Each methodology has its limitations, for example, anchor-based methods have often been
criticised for unequal changes required for deterioration versus improvement of a condition
(Wright et al. 2012). Several factors may influence MCID scores, including patient baseline
status, disease group and severity, treatment and patient demographics. Furthermore, it is
important to note that MCID values may differ significantly within the same population
depending on the methodology chosen (Terwee et al. 2010). Therefore interpreting MCID
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scores should be considered in the context of these limitations.

Of the 100 trials identified, 37 reported MCID; 32 were for DLQI, 10 for SF-36 and six for EQ-

5D. Where DLQI score changes were reported, 1150f 142 6st udy a-pomtsd met t
MCID (Basra et al. 2015c). Biologic interventions usually attained DLQI MCID: 91.2% (83 of

91 study arms) met the 4-point MCID. The MCID was attained by 77.8% (14 of 18) of topical,

and 52.4% (11 of 21) of systemic treatment arms.

One RCT of infliximab measuring QoL at 100 weeks (Reich et al. 2013) reported 3 points
worsening of DLQI. However, this study ended prematurely and had a low JADAD score of
only 2. Another trial, with a high JADAD score of 5 (Salim et al. 2006) demonstrated mean
DLQI score increasing by 0.4 after folic acid was added to methotrexate. The MCID was not

met for any study arm.

The SF-36 MCID is a change of three in the total score (Samsa et al. 1999). The SF-36 was

used in 31 trials and MCID reported in 10. The mean SF-36 change from baseline to

treatment end ranged from PCS -7.4 (Reich et al., 2013) to +10.1 (Dubertret et al, 2006;

Ortonnne et al, 2005), MCS from -0.3 (De Korte et al, 2008) to +12.2 (Ortonne et al, 2005).

Where extracting changein SF-36 MCS scores was possi bl e, 52. 2
met the 3-point MCID: 58.3% (21 of 36) of biologic interventions met this. For PCS scores,

50% (24 of 48) of O6study armsdéd met the MCI D ac
interventions. Only 25% (1 of 4) of systemic and no topical treatments met the MCID for both

MCS and PCS domains.

The EQ-5D was used in 15 trials, 6 reported the MCID, whichis 0.05( O6 Br i en and
Drummond 1994; Dolan 1997). The PDIwas used in 14 trials: the MCID is not known.
Skindex was used in five RCTs; MCIDs for Skindex versions have not been published.

2.4.3.1 QoL score change interpretation: 2MCID concept

Absolute change or improvementin DLQI score, where available, was derived or calculated
per study arm across each interventional category (Figure 2.4a-d). As the DLQI was the most
commonly used QoL measure, it was used to assess the absolute score changes across all

interventions where possible.

67



Figure 2.4 The absolute change in DLQI score across the interventions identified in the

systematic review divided according to category

Figure 2.4a The absolute change in mean DLQI score across topical interventions at

treatment endpoint

1 MCID

2 MCID
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| Mometasone furoate 0.1% + salicylic acid 5%
at 1 week

—Betamethasone valerate dressing at 4 weeks

FBetamethasone at 8 weeks

—Calcipotriol at 4 weeks

FTriamcinolone Acetonide 0.1% at 8 weeks

~LCD Solution 15% at 12 weeks
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Figure 2.4b The absolute change in mean DLQI score across systemic interventions at

~Methotrexate + Folic Acid 5 mg at 12 weeks

2 MCID

—Low Dose Cytokines at 12 weeks

[XP-828L (Dermylex) 400 mg at 8 weeks

FYinxieling formula at 8 weeks

FLeflunomide 20 mg at 24 weeks

~Methotrexate {(without Folic Acid) at 12 weeks

Liraglutide 1.8 mg at & weeks

—Chondroitin sulphate 800 mg at 12 weeks

FApremilast 10 mg at 8 weeks

FMethotrexate 7.5 mg at 12 weeks

~voclosporin 0.2 mg/kg at 12 weeks

Methotrexate 7.5 mg at 16 weeks

Intervention

FVoclosporin 0.3 mg/kg at 12 weeks
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Figure 2.4c The absolute change in mean DLQI score across biologic interventions at

treatment endpoint

2 MCID

[infliximab 5 mg/kg at 100 weeks

(-Etanercept 50 mg + nUVB at 12 weeks (Patients who
did not achieve PASI 30 after 12 weeks of Etanercept)

[FAlefacept 15 mg at 12 weeks
[FDAB3B9IL-2 (5-15 mg/kg) at 4 weeks
[FAlefacept 10 mg at 12 weeks
[FAlefacept 15 mg at 16 weeks
[FCertolizumab 400 mg at 24 weeks
[FEtanercept + tapered methotrexate
[Adalimumab 40 mg at 24 weeks
[~Adalimumab 40 mg at 16 weeks
Fitolizumab 1.6 mg/kg at 12 weeks
FEfalizumab 1 mg/kg at 12 weeks
Finfliximab 3 mg/kg at 50 weeks
[Brodalumab 70 mg at 12 weeks
[FUstekinumab 90 mg at 24 weeks
[FUstekinumab 45 mg at 24 weeks.
[FCertolizumab 200 mg at 24 weeks
[FEtanercept 25 mg at 12 weeks.

[infliximab 5 mg/kg at 50 weeks

|-Etanercept 25 mg + continued methotrexate
treatment

[~Brodalumab 280 mg at 12 weeks

f-Ustekinumab 45-90 mg with inmediate methotrexate
withdrawal at 16 weeks

[Adalimumab 80 mg at 24 weeks.
[Fxekizumab 25 mg at 8 weeks
[Etanercept 100 mg at 12 weeks
[Tofacitinib § mg at 12 weeks
[Finfliximab 5 mg/kg at 14 weeks
[FEtanercept 50 mg at 54 weeks.
[~Tofacitinib 2 mg at 12 weeks.
[Fixekizumab 150 mg at 8 weeks
[Etanercept 50 mg at 12 weeks
[FUstekinumab 90 mg at 12 weeks.
[FEtanercept 50 mg at 24 weeks
[~Certolizumab 200 mg at 12 weeks
[Fixekizumab 75 mg at 8 weeks
[FAdalimumab 40 mg at 12 weeks
[Etanercept 25 mg at 54 weeks
[Brodalumab 140 mg at 12 weeks
Finfliximab 3 mg/kg at 10 weeks
[FUstekinumab 45 mg at 12 weeks.
[Tofacitinib 15 mg at 12 weeks
[Brodalumab 210 mg at 12 weeks

[Finfliximab 5 mg/kg at 10 weeks

[-Adalimumab 40 mg + calcipotriol betamethasone at
16 weeks

[Secukinumab 150 mg at 12 weeks
[Certolizumab 400 mg at 12 weeks
Finfliximab 5 mg/kg at 24 weeks
[Briakinumab 200 mg at 12 weeks
[Briakinumab 100 mg at 40 weeks
[FAdalimumab 40 mg + vehicle at 16 weeks
[~Secukinumab 300 mg at 12 weeks

[Finfliximab 5 mg/kg at 16 weeks
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Figure 2.4d The absolute change in mean DLQI score across other interventions at

treatment endpoint

rEducational Nursing Intervention at 6 weeks

CAuricular Therapy + Yinxieling formula at 8 weeks

rMindfulness-based cognitive therapy at & weeks

Low energy diet at 16 weeks

rEducational Programme at 12 weeks

[ Placebo + nUVE at 24 weeks ([compared with
Methaotrexate + nUVE)

FPUVAso] 0.6 mg/kg at 12 weeks

Dermatological care for psoriasis at 24 weeks

LInterdisciplinary dermatological and psychiatric
care for psoriasis at 24 weeks

LPUVAsol 0.6 mg/kg & Isotretinoin 0.5 mg/kg at 12
weeks

[-Energy-restricted diet at 24 weeks in patients on
Immunosuppressives
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In order to give a greater sense of the meaning of score change in the context of this

systematic review, the concept of 2MCID was introduced: that is a DLQI score change of at

least 8. This approach, novel in dermatology, has been used in other areas (Leaf and
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Goldfarb 2008; Paul et al. 2015) and highlights therapies that have reached this higher
change threshold.

For topical treatments, clobetasol 0.05% spray (Mraz et al. 2008) showed the greatest
improvement at 4 weeks (2MCID, 8 point improvement), followed by calcipotriol plus
betamethasone (Menter et al. 2013) at 8 weeks (6.4 points). These changes are comparable
to ustekinumab 90 mg at 12 weeks (average 2MCID (8 point) improvement, (Kavanaugh et
al. 2010; Langley et al. 2010; Igarashi et al. 2012; Kimball et al. 2012)) and ciclosporin 3-5
mg/kg at 12 weeks (6.6 point improvement, (Flytstrom et al. 2008)). No other topical therapy
reached 2MCID. However, it is important to consider these changes in the context of lower
baseline psoriasis severity in topical therapy trials, shorter treatment duration and long-term

QoL maintenance.

Methotrexate 15 mg at 16 weeks (Barker et al. 2011) was the only systemic intervention over
the 2MCID threshold (8.7 points). This was comparable to several biologics, including
etanercept 50 mg at 24 weeks (Ortonne et al. 2013) and ustekinumab 90 mg (Kimball et al.
2012) at 12 weeks (8.7points).

Infliximab 5 mg/kg at 16 weeks (Barker et al. 2011) and secukinumab 300 mg at 12 weeks
(Langley et al. 2014) on average demonstrated the largest improvementin DLQI score of
11.4 (just short of BMCID). Amongst other interventions, an energy-restricted diet with
immunosuppressive therapy at 24 weeks (Guida et al. 2014) recorded DLQI improvement of
14.4 (>3MCID). DLQI at 12 weeks improved by 11.2 (>2MCID) with PUVAsol 0.6 mg/kg +
isotretinoin 0.5 mg/kg: for PUVAsol alone, DLQI improvement was 6.8 (Gahalaut et al. 2014).

For studies with treatment endpoint and assessment at 12 weeks, which is often the endpoint
standard, the interventions with the greatest average DLQI impactin each category were
secukinumab 300 mg (>2MCID, 11.4 points, (Langley et al. 2014)), ciclosporin 3-5 mg/kg
(>1MCID, 6.6 points (Flytstrom et al. 2008)), PUVAsol 0.6 mg/kg + isotretinoin 0.5 mg/kg
(>2MCID, 11.2 points, (Gahalaut et al. 2014)), Liquor Carbonis Distillate solution 15%
(>1MCID, 5.8 points, (Alora-Palli et al. 2010)) and educational programme (1MCID, 4 points,
(Bostoen et al. 2012)).

Figure 2.5 collates the absolute change in DLQI score across all interventions identified in

the systematic review.
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Figure 2.5 The absolute change in DLQI scores across the interventions identified in the systemat
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Figure 2.6 shows the correlation between PASI and absolute DLQI (R?=0.494, y=-2.8+0.37*X)
and percentage (R?=0.641, y=19.43+0.63*x) score changes, where available. In some cases
the correlation was weak (Roberti et al. 2014), possibly attributed to non-optimal endpoint
measurement for QoL where maximum effect may be missed (Bishop-Bailey et al. 2015).
Furthermore some interventions may have a psychological or emotional impact that is often
not captured by clinical parameters such as the PASI. Nevertheless, the correlation graphs
provide valuable mathematical formulae that may be used as a baseline to interpret and
compare data from future studies.

Figure 2.6 Correlation of (a) absolute change in DLQI scores with absolute change in PASI
scores (R? = 0.494, y=-2.8+0.37*x) (b) percentage improvement in DLQI scores with
percentage improvementin PASI scores (R?= 0.641, y=19.43+0.63*X)
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2.4.4 Statistically significant changes

Table 2.1 provides a list of the studies that documented full QoL data and statistical
significance for intervention versus comparator. Significant changes (as determined by study
researchers, commonly p=<0.05) were reached in 52 trials for the DLQI, 19 for the SF-36, 5
for both the EQ-5D and PDIl and 2 for the Skindex. Conversely there was no statistical
improvementin 19 trials for the DLQI, 6 for the SF-36, 3 for the EQ-5D, 6 for the PDland 3
for Skindex. Twelve trials did not report statistical significance for the DLQI, 6 for the SF-36, 4
for the EQ-5D and 2 for the PDI.

Reports of psoriasis interventions that fulfilled inclusion criteria have gradually increased over
time: 1998-2004 = 12, 2005-2009 = 33, and 2010-2014 = 55 (Figure 2.7).
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Figure 2.7 Prevalence of the use of QoL instruments in the included psoriasis studies since
1998
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2.5 Discussion

There have been several challenges in the process of developing this systematic review.
Initially it was planned to include any published literature and not limit the search to just
RCTs. However, given the sheer number of publications for psoriasis interventions, this would
have been an arduous endeavor and the data would be extremely difficult to collate given its
heterogeneity. Furthermore, in order to provide the highest level of evidence, RCTs are
considered the gold standard in systematic reviews. | had attended a 4 day-course on
Systematic Reviews organised by SysNet at Cardiff University (Appendix X) which was a very
valuable tool towards planning the review. | was in regular contact with the core team who
were extremely helpful throughout the process of developing the protocol and for answering
any queries that arose.

This systematic review reaffirms the fact that QoL assessment is a frequent component in
assessing psoriasis treatment efficacy in clinical trials as well as in routine clinical practice
(Basra et al. 2008b). In the process, it has identified therapeutic RCTs that demonstrated
extractable QoL data, inevitably with heterogeneity in design, disease severity and QoL
reporting. Many trials were excluded because of inconsistent reporting and analysis of QoL
(Le Cleach et al. 2008), despite an initial high search yield. Of the 329 full-text articles
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assessed for eligibility, 14 studies reported psoriatic arthritis-only related QoL changes and
14 studies reported QoL data in an inextricable format (i.e. graphical representation with no
numerical data, or summarised descriptive QoL information). Baseline and end-of-treatment
values were not always provided. Often QoL scores were presented as percentage or value
changes without pre or post-intervention scores. Mean values were most commonly reported,
though median values are preferable with ordinal data (Basra et al. 2008b). Standard
deviation, p-values or confidence intervals were sometimes omitted and intention-to-treat
(ITT) numbers were sometimes omitted from the QoL data set. This presented challenges for

synthesising data in a homogenous fashion.

The MCID is the minimal change in score that is considered of clinical relevance (Norman et
al. 2003). Of the 13 QoL instruments used, only the DLQI, SF-36 and EQ-5D have MCID
values reported in the literature. Although interventions may result in statistically significant
QoL improvement, this does not necessarily correlate with clinically important change. MCID
values enhance the clinical meaningfulness of QoL scores, particularly if data are correlated
with clinical efficacy. Thirty-seven trials reported consideration of MCID, with the DLQI being
the most commonly used instrument with known MCID. The EQ-5D was the only other used

instrument with known MCID.

Though it is possible to apply score banding descriptors (Hongbo et al. 2005) which may be

used to describe the number of patients within each score band pre and post intervention,

there needs to be a method that can discriminate between the extent of the effect of
interventions on QolL. The -MCDhcowdmdd medningdosdd@l D6 (
change when comparing therapies, and possibly when comparing results across different

QoL instruments as a oO6unit of changed. However
descriptors to describe change beyond MCID would require validation and therefore further

testing is necessary.

Nevertheless, this systematic review wasusedas a Opi | otc snaeaepytd d-foro n
MCIDG6to demonstrate the potential benefit of comparing the extent of impact of different
categories of interventions on QoL. In the case of this systematic review, it has been
demonstrated that certain systemic interventions, for example, may impact QoL as
significantly as certain biologic treatments. Similarly, certain topical treatments may be as
efficacious as systemic alternatives. These results, however, are not completely ideal in that
the dataset is not homogenous and often patients have different baseline severities.
Furthermore, whether MCID values change at different ends of a QoL measure is debated
and, along with other factors and considerations, would require formal validation to support

such extrapolations.
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As a o0pr oo fitis believed muitipleNdQIDOprovides more meaningful information on
clinical improvement and may be of value to clinicians, patients and industry alike. For
example, medications that meet the 062MCI Db
regulatory authorities for marketing and by health technology assessment (HTA) agencies for
reimbursement. This concept may also enable researchers to distinguish more efficiently
between interventions and comparators in trials, potentially improving p a t i acoesssanew
medicines. Significant further work is imperative before this novel concept is widely adopted
in the scientific arena.

The systematic review identified that more generic QoL instruments were used (n=5) than
specialty (n=4) or condition specific questionnaires (n=3). The DLQI was the most commonly
used instrument; possibly because of its ease of reporting a single summary score, the ease
of completion in 2 minutes (Loo et al. 2003) and its widespread use in national psoriasis

guidelines (Smith et al. 2020) amongst other reasons (Finlay et al. 2012).

The frequency at which QoL measurement was administered varied across studies
depending on intervention type and trial duration. The UK clinical guidelines (NICE 2012),
that recommend DLQI measurement at 10 to 16 weeks depending on the biologic, may not
capture the best DLQI responses for biologic therapies (Bishop-Bailey et al. 2015). For
example, in this systematic review the greatest DLQI score change (14.4) across all
interventions was seen with an energy-restricted diet in conjunction with usual
immunosuppressive therapy at 24 weeks (Guida et al. 2014). Although, the DLQI is skin-
specific, the health benefits of weight loss itself may be reflected in patient DLQI follow-up
responses. Psychiatric and interdisciplinary care at 24 weeks (Schmitt et al. 2014) may also
significantly impact DLQI (10.5 points), re-enforcing the importance of lifestyle and a holistic

approach to the management of psoriasis.

Several reviews have explored the effects of biologic treatment on QoL (Katugampola et al.
2007; Reich et al. 2008; Baker et al. 2012; Mattei et al. 2014), other SRs have explored QoL
in psoriasis; the review by De Korte et al. (2004) was not limited to RCTs and this provided
difficulties in interpreting the dataset. This SR investigates the overall impact of interventions
on QoL as well as use patterns. Strict entry criteria were employed to allow for robust
comparison across interventions per QoL instrument. Data was only included from the
double-blind controlled phases of each trial. Nevertheless, the lack of adequate guidelines on
reporting of QoL studies still rendered data analysis problematic.

Kitchen et al. (2015) reviewed the ability of psoriasis-specific instruments to adequately
capture domains relating to psoriasis: no existing psoriasis specific patient reported outcome
(PRO) instrument has sufficient evidence on validity, reliability and sensitivity to change, but
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both DLQI (Safikhani et al. 2013) and Skindex demonstrated content validity. However, this
SR demonstrates that several generic and disease/specialty-specific instruments were
sensitive to change with positive QoL outcomes. In general, disease and specialty-specific
instruments tend to be more sensitive to change over time than the generic measures, owing
to the involvement of the target population in providing the determinants during the qualitative

phase of development.

The DLQI and SF-36 appear to be the most frequently used instruments across psoriasis

RCTs. A European S3 guidelines report on psoriasis systemic treatment (Nast et al. 2012)
described the DLQI as an 0.i ohtpeatmentafiidady. Howevei, a b | e
the DLQI has limitations, including previous criticisms of its uni-dimensionality and low

representation of emotional aspects (Both et al. 2007). There is diverse practice in

monitoring therapeutic effect on QoL and questionnaire preference. A total of 113 RCTs were
rejected because of inextricable QoL data. The European Academy of Dermatology and

Venereology Task Force provides recommendations for use of QoL measures (Prinsen et al.

2013). Currently there is great variation in the quality of reporting of QoL data (Salek et al.

2013; Finlay 2014), creating difficulties in cross-interventional meta-analyses. This SR

emphasises the need for guidelines concerning appropriate reporting of QoL data.

2.5.1 Recommendations

As a result of this SR, the recommendations for improvement of QoL reporting are as follows:

to

include baseline data,
report all assessment visits and follow-up endpoint scores

report absolute median scores with interquartile range (IQR)

=A =4 4 =

include patient numbers and their demographic characteristics in table format as well
as boxplot showing percentiles

report percentages together with the actual values

report whether intention to treat was implemented (Salek et al. 2013; Finlay 2014)

ensure that graphical representation of QoL is accompanied by numerical data.

Furthermore, authors should not submit only percentage and/or graphical data to represent
study outcomes as this data cannot be used in meta-analysis and systematic reviews.
Journals should furthermore implement such criteria prior to accepting publications. The

MCID and validated band descriptors where available should be used to interpret data as this
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holds greater clinical value than statistical significance alone. Researchers should consider
the availability of MCID when choosing QoL instruments and be encouraged to publish MCID
information. Whilst there are numerous approaches to calculating MCID scores, there is a
need for consensus on new or improved methodological approaches towards calculating
MCID. Existing methodologies should be cautiously taken into account by clinicians and
researchers alike to facilitate the interpretation of results. Though minimal change is clinically
important, the question arises of whether intervention endpoints should target perfect quality
of life, rather than demonstrating a measurable improvement.

These recommendations in terms of QoL measurement and reporting are summarised below
in Table 2.2.

Table 2.2 Summary of QoL measurement and reporting recommendations*

QoL reporting recommendations

Scores should be reported as absolute median scores with IQR at all phases of a study
where appropriate. At the very least these should be at baseline, follow-up and

treatment endpoint

Patients numbers should be reported alongside intention to treat data if calculated

Graphical QoL data should be accompanied by numerical data

MCID or valid band descriptors should be used to interpret QoL changes

MCID availability should be considered prior to selecting QoL instruments

MCID values should be developed and encouraged

There needs to be consensus on new or improved methodological approaches
towards calculating MCID

Journals should consider implementing recommendations for reporting QoL data

* IQRT Inter-quartile range
MCID 1 Minimal clinically important difference

QoL i Quality of life

Different interventions may impact QoL to a similar extent, though biologic interventions have
a very high impact. Psychiatric well-being may play a role in QoL improvement. Several
topical treatments, as well as some systemic treatments, may improve QoL at least in the

short-term.
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Chapter 3Developmet and validation of a web
based application of the Dermatology Life Quality
Index (DLQI) and Psoriasis Area Severity Index
(PASI) scale
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3.1 Introduction

The systematic review has highlighted several inconsistencies with the reporting of quality of
life (QoL) in psoriasis patients. Though it has been found that the DLQI is the most commonly
utilised QoL measure in interventional RCTs for psoriasis, there are significant
inconsistencies in how it is utilised across trials. In order to improve the assessment and
documentation of DLQI scores in particular, which is the most commonly used dermatology
QoL scale world-wide (Basra et al. 2008a), an electronic application (App) was developed in
conjunction with Janssen EMEA®. A PASI electronic scoring system was also added to the
application, as both clinical and quantitative parameters are vital aspects of assessing
psoriasis disease severity (Smith et al. 2005; Katugampola et al. 2007). Therefore, it was
deemed prudent and logical to include both aspects in an application designed for the
monitoring of psoriasis severity.

It is hoped that this App will be easily accessible by clinicians and patients alike allowing the
better monitoring and assessment of psoriasis in home, clinical and research settings. This
chapter will separately analyse the validation process for both the DLQI and PASI score
calculators built into the application.

3.1.1 The Psoriasi§60iPad® App

The Psoriasis 360 iPad® app was developed by Janssen EMEA® in order to improve
psoriasis monitoring in clinical and research settings. Careful consideration was given to
transfer the respective paper versions of the measures to the digital counterparts. This
included the BSA, DLQI and PASI score calculators, though only the latter two were validated
as part of this study.

3.1.2 DLQI

The DLQI consists of 10 questions concerning &
impact of their skin disease on different aspects of their QoL over the last week. The items of

the DLQI include symptoms and feelings, daily activities, leisure, work or school, personal

relationships and the side effects of treatment. Each item is scored on a 4-point scale: not at

all/not relevant, a little, a lot and very much. Scores of individual items (0-3) are added to

yield a total score (0-3 0 ) ; hi gher scores mean greater i mpali
has been shown to be a strong instrument with respect to its internal consistency,
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reproducibility, validity and sensitivity to change (Badia et al. 1999; Hahn et al. 2001; Mazzotti
et al. 2003; Basra et al. 2008a; Bronsard et al. 2010). It was developed into an electronic
application on the iPad® by Janssen EMEA® in conjunction with the original copyright holder
(AYF, Cardiff University). The individual items and their responses were unchanged, allowing
users to select options using touch. Figure 3.1 demonstrates a series of screenshots of the
DLQI section of the App.

Figure 3.1 Screenshots of the DLQI calculator from the Psoriasis 360® App
(@) Introduction of DLQI section (b) Items 1 and 2 of DLQI
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(e) Items 7 and 8 of DLQI (f) Items 9 and 10 of DLQI
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3.1.3 PASI

Psoriasis Area and Severity Index (PASI) is a widely used tool to assess the severity of

psoriasis (Fredriksson and Pettersson 1978) that is mostly completed by trained health care
professionals and study investigators. Although PASI has been criticised for its inter-rater

reliability ( Bo Ue k and ,Renditicith, cotnpleki® and being resource intensive, in the
absence of a fAgold standar do i tmemaasurebnelnioame an
trials of drugs used for psoriasis (Ashcroft et al. 1999). The PASI scoring system assesses

four body areas: head (corresponding to 10% of total body surface area), upper extremities

(20%), trunk (30%) and lower extremities (40%). The area of psoriasis involvement for each

of the four body regions is assigned a numerical value of 0-6 corresponding to 0-100%

involvement as follows:

0=no involvement; 1= up to 9% involvement; 2= 10-29% involvement; 3=30-49%; 4=50-69%;
5=70-89% and 6=90-100% involvement.
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For each body region, erythema, induration and desquamation are rated according to a 5-
point scale as follows:

0= no involvement; 1=slight involvement; 2=moderate involvement; 3=marked involvement
and 4=very marked involvement

The PASI score is calculated by applying a standard formula. This is achieved by
calculating a lesion score sum (A) for one body part (i.e. by adding the scores for erythema,
thickness and scaling). This value is then multiplied by the area involvement score (B) for the
same body part, providing a subtotal (C). Each of the four body parts (head, upper limbs,
trunk and lower limbs) will therefore have an individual subtotal (C). Different body parts are
oweightedd differently according to the total
head is weighted 0.1, whereas the lower limbs are 0.4. Each subtotal (C) is multiplied by the
respective weight to provide the final total (D) for each area. All four totals (D) are summed to
provide the final PASI score. The score canvary in increments of 0.1 units and range from 0
to 72; higher score indicates greater degree of severity.

The PASI App was also developed by the team at Janssen EMEA® based on the
original paper format, whereby a score is automatically calculated at the end of the form.
Each section of the PASI was converted into a graphical representation for easier and more
consistent scoring between raters. Raters select the relevant body part and are subsequently
guided through the process of scoring the severity of redness, scaling and thickness with the
aid of graphical images. The screenshots for the PASI calculator of the Psoriasis 360©
application may be seen in Figure 3.2.

Figure 3.2 Screenshots of the PASI calculator from the Psoriasis 360® App
(@) Introduction of PASI section (b) Step 1: selecting body part
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(c) Step 2: selecting percentage affected (d) Step 3: severity of erythema
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The application (Psoriasis 3600) is available without charge and may be downloaded from
the Apple App Store: https://appsto.re/gb/-JIFw.i. It is also available on the Google (Android)

App Store: https://play.google.com/store/apps/details?id=com.sapnagroup.p360&hl=en GB.
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Only this particular iOS version of the App was tested for the purpose of studying

equivalence.

3.2 Literature review: equivalence of electronic and papbased
patient reported outcomes

International Society for Pharmacoeconomics and Outcomes Research (ISPOR) guidance

states that if the psychometric properties of a measure are likely to be impacted during the

PRO migration process to a different form of ¢
asiftwerea new measured. The main recommendati ons
as Kappa coefficient or Intra-class Correlation Coefficient (ICC), mean score comparisons,

distribution and variance of scores and internal consistency reliability where applicable

(Coons et al. 2009). Gwaltney et al. (2008) undertook a meta-analysis on the subject,

examining literature published before 2007. Forty-six studies were included. They concluded

that written assessments were equivalent whether they were paper or computer-based.

However, technology has changed greatly since 2007 with the widespread use of smart

phones and tablet computers (Arthur 2012; McLellan 2014). This review aims to identify and

evaluate publications since 2007 that demonstrate the measurement equivalence of

electronic versions of paper-based PRO instruments (ePROS).

3.2.1 Materials and methods

The following databases were searched during March 2014: OvidSP, including the databases
EMBASE, MEDLINE and PsycINFO; Web of Science, including Web of Science Core
Collection, BIOSIS Citation Index, SciELO Citation Index and MEDLINE; and PubMed.

An identical set of keywords was used for every database that was searched, refined during
two pilot searches. The keywords were: patient report* outcome OR quality of life; AND
Internet OR touch screen OR web OR tablet OR computer OR electronic*; AND paper; AND
questionnaire; AND compar* or equiv*.

The asterisk (*) represents a search on the stem of these words.

Abstracts of all identified articles were first reviewed. If an abstract indicated that the article
might be relevant, the full text article was retrieved and examined. The search was limited to
papers published since 2007 to avoid overlap with Gwaltney et al. (2008). Full text articles or
abstracts which directly compared a screen-based electronic version of a validated PRO

instrument with its paper-based original, with regards to their measurement equivalence, and
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publications in English were included. Studies which were published before 2007 or in other
languages were excluded. Gwaltney et al. (2008) had also excluded interactive voice
response (IVR) formats: this review likewise excluded IVR formats.

The most important factors were suggested by the lead research team member (FA) and joint
agreement reached with all other research team members. A template was used to record
relevant data from each publication and to record data concerning each instrument that was
being validated. Where data for IVR formats were reported as part of a larger study, those
data were excluded. It was difficult to identify whether stand-alone visual analogue scales
(VAS) had been appropriately validated and it was occasionally clear that they had not
(Salaffiet al. 2009). Therefore, data from any VAS presented as a stand-alone measure was
excluded. Data from validated instruments where items appeared as a VAS were still
included. Extracted data were tabulated in Microsoft Office Excel for Mac 2011. Data were
classified according to the study and instrument characteristics and to the statistical
measures used to demonstrate equivalence. Data regarding participant preferences, amount
of missing data and completion times for each format was extracted. Data were extracted
concerning whether the authors believed they had demonstrated equivalence, as described
by the main ISPOR recommendations outlined in the Introduction of this review (Coons et al.
2009). As there was very little consistency between the papers reviewed, and original data
were not possible to examine, equivalence of the formats under study was based on the
papersé authorsd own judgment s. However, the
authors sometimes did not make it clear whether they believed they had found equivalence.
Therefore, an informal assessment was made concerning the real outcome of such studies.
To assess the quality of equivalence assessment undertaken, studies were compared against
the recommendations of Coons et al. (2009) (Figure 3.3).
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Figure 3.3 Flow chart demonstrating the criteria used to assess quality of measurement
equivalence techniques used in the literature

Study clearly stated or shown to be

randomised

-

Crossover study design Comparison study design

Comparison of means scores on

s the basis of the minim
ICC or kappa coefficient used clinically important difference

(MCID)

um

] ol

Additional Criteria

+ Bland-Altman Analysis
conducted

+ Differential Item Functioning
(DIF) analysis done

Different levels of evidence are required depending on the level of modification of the original
instrument (Coons et al. 2009). It was not always possible to judge how much of the originals
had been adapted, so for simplification all electronic versions were assumed to be
O6moder atel yd adag@domsedtal (2089):def i ned by

@& moderate level of modification may change the meaning of the assessment items, but this
change might be subtle. Examples of changes to items that could fall in this category include
splitting a single item into multiple screens, significantly reducing the font size, and requiring
the patient to use a scroll bar to view all item text or responses. Another example might
include changing the order of item presentation. When these types of modifications are made
to a PRO, it is advisable to formally establish the equivalence of the electronic measure.6

To simplify analysis, as a selection criterion only one relevant statistical method, according to
the ISPOR recommendations, was chosen for each study type. However, to provide a wider
picture, DIF and Bland-Altman analysis was also always included, if used. If a publication
stated that randomisation was undertaken but no details were provided, it was assumed that

the method used was appropriate.
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Although, the ISPOR guidance (Coons et al. 2009) distinguishes between weighted and un-
weighted kappa coefficients, it was not always clear which had been used and so if either one

was present this was judged as fitting this criterion.

3.2.2 Results

Database searching identified 501 studies, 55 of which were judged to be relevant according
to the inclusion criteria. The way in which 501 abstracts were reduced to 55 is summarised in
Figure 3.4. Two papers were excluded due to their use of IVR format. A total of 79 different

relevant instruments were described across these publications (Appendix XI).

Figure 3.4 Flow chart demonstrating the search strategy and filtering process

Pilot Search: Ovid: 429 results

| Refinement of keywords. |

Ovid (28/3/14) . Web of Science (29/3/14) PubMed (29/3/14)
266 results 162 results 73 results

I

| Examination of abstracts according to ‘
inclusion/exclusion criteria. )
Ovid: 59 studies Web of Science: 70 studies PubMed: 39 studies

[l

" Further refinement by examination of full text
(if available) and elimination of duplicates

Final Total: 55 studies

.

Of the 55 studies, 75% (41) were full-text journal articles, with the remaining 25% consisting
of article and conference abstracts. Forty-seven (85%) of the studies used a crossover study
design, whereas six studies (11%) used a comparison design. It was not clear which design
had been used in two studies. Thirty-three (60%) investigated only one instrument, with the
largest number of instruments investigated in one study being 10 (MacKenzie et al. 2011).
Eleven (20%) of studies used multiple sample sizes, usually employing a different sample
size for each instrument investigated. The use of multiple sample sizes in the same study
could lead to results having different statistical validities and reliabilities between

guestionnaires. However, such use was often unavoidable, for example: sometimes the
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number of patients eligible to complete certain surveys differed, and sometimes the number
of patients who were lost to follow up differed between questionnaires.

When transposing an instrument from written to an e-delivery format, logically nearly always
somechanges have to be made, for example insteac
guestiono one needs to say fAChoose one answer
instruction is completely superfluous because the software will only accept one answer. It is a
reasonable assumption to make that only moderate changes were made, though most

authors did not give any specific information concerning this and therefore it was not possible

to identify whether these moderate changes influenced the degree of equivalence between

written and e-delivery.

3.2.2.1Instrument characteristics

Of the total of 79 PRO instrumewstpeciidarctoi;f ilod:
specialty-specific; and 18 (23%) were generic measures. The most commonly used

instrument was the Short Form 36-item Health Survey (SF-36) that was employed in 10

studies: the version of the SF-36 that used was not reported by most authors. However, it

would be reasonable to assume that if not mentioned by the authors, the most commonly

used version (SF-36) has been employed. The most common format of electronic PROs

tested within studies was t he cdleretne rcroentpéut (e3 6%)

3.2.2.20verall conclusions of study authors

Forty-three studies (78%) found equivalence between the standard paper-based PROs and

the ePROs. Two studies (4%) failed to find eql
conclusions were not clear. For example, in one study, where two out of the three instruments
investigated were not comparable, but one instrument showed equivalence (Wu et al. 2009),

authors concluded that different versions should not be used in the same trial and individual

patient data should not be compared across different formats (Juniper et al. 2007). Though

results for each format were similar on a group level, there was high variability at the

individual patient level (Ring et al. 2008).
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3.2.2.3SJatistical methods used

In examining how often different methods were used to demonstrate equivalence, 80% (44)
of studies used a correlation coefficient, with the most common being the Intra-class
Correlation Coefficient (ICC) (Figure 3.5).
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Figure 3.5 Graphs demonstrating (a) common statistical approaches used (b) correlation
coefficients used
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3.2.2.4Comparison withiISPORecommendations

Twenty-five (47%) publications appeared to fulfil the ISPOR recommended criteria (Coons et
al. 2009) (Table 3.1). Of these, 60% (15 studies) were randomised crossover studies that
used an ICC or kappa coefficient to measure correlation. Two studies (8%) were randomised
comparison studies that analysed mean scores on the basis of the Minimum Clinically
Important Difference (MCID). Six (24%) provided Bland-Altman plots, and two of the reports
described DIF analysis. Surprisingly, only 30 (55%) of the 55 studies presented data on
participant format preferences, 16 (29%) provided comparisons of the amount of missing data
and 19 (35%) provided data on completion times. Nine (47%) studies reported longer
average completion times for ePROs, and five studies (26%) found that paper-based PROs

took longer to complete.

Table 3.1 Number and percentage of studies that fulfilled ISPOR criteria

Number of Studies Percentage of Studies
Randomised Crossover + | 15 60%
ICC/Kappa Coefficient
Randomised Comparison +| 2 8%
MID
Randomised Studies + 6 24%
Bland-Altman Analysis
Randomised Studies + DIF| 2 8%
Total Number of Studies 25 100%
Fitting Criteria

It is important to highlight some of the similarities and differences between this review and
that published by Gwaltney et al. (2008) (Table 3.2).
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Table 3.2 Key comparisons with Gwaltney et al. (2008)

Gwaltney at al (5)

Present Study

Review year range

Pre2007

20072014

Total studies reviewed

46

55

Most common correlation

coefficient used

Intraclass Correlation
Coefficient (ICC)

Intraclass Correlation
Coefficient (ICC)

Number. of different 278 79
instruments identified
Number of different 3 5

electronic modalities
identified

(PC/Laptop, PDA, Tablet)

(Internet Tablet, Computer,
Touchscreen Computer,
PDA)

3.2.3 Literature search update

The initial literature search and subsequent analysis as above was conducted on publications

identified up to March 2014. For the purpose of this thesis, the literature search was

supplemented by identifying publications from 2014 to 2019 using the same databases and

search terms. This identified a further 287 articles, which were further filtered to 72 relevant

publications including full articles and conference abstracts. Publications were excluded due

to the following reasons: No formal equivalence studies where only one format was tested

(n=48), metanalysis/systematic reviews/ literature reviews (n=11), Duplicates/multiple

publications (n=59), study protocols (n=11), not-relevant (n=84). Only the abstracts were

reviewed and tabulated as seen in Appendix XlI. 32/72 (44%) of the included publications

used ICC as a measure of equivalence.

3.24 Discussion

In the process of demonstrating measurement equivalence, crossover study design was the

most commonly used and the commonest electronic format used was the Internet based

online version. It is important to note that in some cases the authors did not indicate how or

whet her t he

Il nternet

was

accessed, i n

Most studies used a combination of different statistical tests with correlation coefficients being

the most common, however different authors may use different standards. For example, in
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one (Juniper et al. 2009) of the two studies that stated no equivalence between formats, the
authors used an ICC standard of 0.95 to identify concordance, which is higher than that
recommended by ISPOR (0.70 at group level, and 0.85-0.95 at individual level). The authors
stated they chose this higher criterion as it was slightly lower than the test-retest reliability
value originally calculated for the paper version (Coons et al. 2009).

There may be confusion concerning the interpre
definition (if a single user were to complete the same instrument by the two methods, the
responses and subsequent scores would be the same) may be replaced in practice by a
much looser definition, allowing, say, a correlation of 0.8 between two methods of delivery. To
clarify this, those reporting equivalence should define their usage of this term.

Less than half of the studies fulfilled the basic ISPOR recommendations (Coons et al. 2009).
A reason for the low number of studies identified as fitting these criteria may be that it was not
always possible to tell if the criteria had been met, particularly where only an abstract was
available. For example, in Naus et al. (2009) and Ribeiro et al. (2010), which were both full-
text journal articles, though the correlations between formats were analysed, the measure of
correlation used was not specified.

As end-users, patients should have a powerful role to play in influencing the type of

assessment that they may be expected to complete. Patients who are already familiar with

and comfortable interacting with electronic devices are more likely to prefer this format of
delivery, but this should be confirmed by assessing patient preferences. However patient
invol vement may not be appropriate in the ques
prospective scientific evaluation. The majority of studies indicated that patients prefer the
electronic formats, and comments from patientsinclu d e d t h a t (pefisbnhl eigité& D A
assistantf was ef fici ent (Mattbewstalv280d). Somegpatients suffering from
reduced manual function found the touch-screen computer version easier to use (Schefte and
Hetland 2009). The use of electronic formatsis less prone to error, such as missing or
ambiguous data entry. The ability to program data validation into the electronic software
prevents such errors (Handa et al. 2008). This may be considered a disadvantage where a
patient deliberately wishes to avoid answering a question. However, it is possible to address

this problem (Matthew et al. 2007) by alerting patients if they skip any questions. Patients

take a longer time to complete electronic versions. Possible explanations include pati e nt s 6
lack of familiarity with electronic devices and hence their requiring assistance (MacKenzie et

al. 2011). As people become more familiar with such devices it is likely that this problem will
diminish. A study limitation commonly identified by authors was the generalisability of their

results to populations unfamiliar with the Internet. If Internet access was required for
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enrolment, participants may have been biased towards the educated and young (Wu et al.
2009).

A major limitation of the studies reviewed here was the lack of detail provided by authors

concerning methodology, for example which statistical techniques were utilised (Naus et al.

2009. Though this review doesnd6t consider patient
considering in future reviews as the acceptability of electronic formats is essential if they are

going to be of practical use. Researchers should also consider capturing this data when

planning future studies. As suggested by Gwaltney et al. (2008), a more accurate way to

determine whether studies had truly identified equivalence would be to define numerical

standards for the statistical methods used (such as using just ICC and cut-off scores for

equivalence) and to judge study data directly against these.

Good practice recommendations (Coons et al. 2009) state that every new electronic version
should be validated before use. As two studies did not identify equivalence (Swartz et al.
2007; Juniper et al. 2009) and 10 studies had ambiguous findings (Carlbring et al. 2007;
Juniper et al. 2007; Saunders et al. 2007; Ring et al. 2008; Naus et al. 2009; Wu et al. 2009;
Frennered et al. 2010; Clayer and Davis 2011; Oliveira et al. 2011; Silveira et al. 2011),
validation of electronic versions should still be carried out, even though this review indicated
that electronic versions are usually judged to be equivalent to the original version.
Interactive voice response (IVR) formats were excluded in both reviews as auditory

transference of ePROs from a written format presents lower probabilities of equivalence.

Intra-class Correlation Coefficient ICC) was identified as the most commonly used correlation
technique in both reviews, with a majority of the studies demonstrating equivalence. Similar to
the findings by Gwaltney et al. (2008), this review highlights that details of how items were
altered to be presented in an electronic format were not elucidated within the individual
studies. Therefore, where formats of instruments are drastically changed it may not be
appropriate to assess equivalence. Further studies which employ cognitive interviews may be
useful to determine whether such changes influence the way in which instruments are
completed by the target population. This review also identified several studies that employed
Otabletsd and Otouch screend6 devi ceGwaltneyleti c h we
al. (2008). The use of tablets and touch screen formats has seen a rise mostly in the last few
years, accounting for this disparity. However, whether this innovation in delivery format of
PRO instruments provides an additional advantage to that of standard electronic data entry

methods needs to be further examined. Both reviews, however, suggest that most studies
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demonstrate equivalence between electronic and paper-based versions of patient reported
outcomes.

Electronic PRO instruments have an expanding role in the provision of patient-centred care,
both in clinical practice and by providing a way to gather information from patients during
clinical trials. The advantages of computerising paper-based PRO instruments are extensive:
such instrument formats have benefits to patients, including convenience, and benefits to
clinicians and researchers, as they can save time, manpower and other resources. They can
also remove sources of error created when data from paper-and-pencil formats is manually
transferred to computer databases (this has been partially remedied in recent years with the
advent of electronic scanners). As the public become more experienced in the use of e-
technology, electronic PRO instruments gain greater acceptability, and are commonly
preferred by patients over paper-based versions of the same instrument. There are now PRO
instruments originally developed in electronic formats (Wright et al. 2005), thereby not
requiring equivalence testing.

There may be disadvantages to computerising PRO instruments, though it appears that fears
of computer aversion may be overestimated. The transfer of a PRO instrument to an
electronic format may require new psychometric assessment, in order to prove that
measurement properties such as reliability and validity are equal or improved from those of
the original version. The degree of assessment required depends on the amount of change
that is made to the instrument, but major change may require full psychometric evaluation.
However, the evidence suggests that where changes appear to have been relatively minor or
moderate, equivalency in psychometric values is retained. Gwaltney et al. (2008) and this
review provide evidence that paper-based and electronic versions of the same measure are
comparable and that therefore computerising paper-based PRO instruments is a successful

and worthwhile step.

3.3 Validation of the electronicDLQI

Patient reported outcome questionnaires (PROS) are typically instruments completed by
patients or sometimes by others (i.e. proxy or significant others) on their behalf (Marshall et
al. 2006) and are traditionally paper-based. However, there is increasing interest in utilising
technology within clinical medicine: innovations include computerised data entry (Bates et al.
1998; Gill et al. 2001), communication initiatives (Guo et al. 2016) and virtual reality (Ershow
et al. 2011). Dermatology has witnessed several technological initiatives, for example
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handheld multi-modal imaging (Sancho Dura et al. 2018), potential applications of blockchain
technology (Tung and Nambudiri 2018) and remote scribing using face-mounted technology
in outpatient consultations (Odenheimer et al. 2018), with several other innovations using
electronics and information technology (Shaw and de Berker 2007; DeLouise 2012; Hattori et
al. 2014). The use of PROs in electronic format has also kept pace with such other digital
technologies in medicine (Leidy and Vernon 2008; Muehlhausen et al. 2015). Electronic PRO
instruments can be more convenient to patients, particularly where portable, and can provide
real-time data recording and immediate scoring. Automated data entry makes them more
convenient to clinicians, and improves accuracy by removing human error (Lee et al. 2007).
Disadvantages, albeit increasingly less common, include patients being less comfortable or
having difficulties with the use of electronic devices (Leidy and Vernon 2008) or lack of
availability of Wi-Fi (wireless fidelity). However, these formats are usually not validated or
compared to their original paper-based versions. This may have several connotations, as it is
possible that the mode of delivery of questions may possibly influence the way in which they
are answered. If this were so, then the scores and interpretation of the scores might differ
depending on mode of delivery, resulting in unreliability of the measurement method. This
may result in data that are either invalid or incomparable between the two formats due to the
lack of equivalence. A Equi val encedo of two met hods of del i
follows: if a single user were to complete the same instrument by the two methods, the
responses and subsequent scores would be the same. The level of evidence required
depends on the amount of modification made to the original (Coons et al. 2009). Coons et al.
(2009) have also proposed guidelines detailing the level of evidence required to demonstrate
equivalence, depending on the amount of modification to the original PRO. This will be
covered in more depth in the methodology section.

The DLQI (Finlay and Khan 1994) is the most commonly used dermatology-specific quality of
life (QoL) measure in clinical trials (Both et al. 2007; Basra et al. 2008a; Le Cleach et al.
2008). The DLQI is easy to use in clinical practice due to its brevity and simplicity (Bronsard
et al. 2010) with an average completion time of two minutes (Loo et al. 2003). In the current
era of widespread use of digital devices such as Tablets and smartphones, clinicians,
researchers and patients often substitute non-validated electronic versions in place of the
original paper version. However, there is an underlying concern whether such data are
comparable to the two decades of data gathered via the validated paper DLQI (Finlay and
Khan 1994; Basra et al. 2008a) potentially posing several challenges in data analysis and
interpretation. The availability of a DLQI application that had been validated as equivalent to
the original paper-based would alleviate such concerns and contribute to better management

of patients with skin conditions by making available an easy tool for regular monitoring of
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di sease severity from the patientds own per spe
used by general practitioners to assist decisions over which patients need to be referred, as

well as providing reassurance for users of electronic QoL measures across dermatology and

other medical fields.

3.3.1 Aims& objectives

This study aimed at comparing the conventional paper-based and a novel application version
of the DLQI, following ISPOR guidelines (Coons et al. 2009), concerning patient acceptability
and preference and in terms of consistency of scores. The presence of a carryover effect
depending on which format patients completed first (paper versus iPad) was also assessed.

Therefore, the primary objective of this study was:
1 To compare the conventional paper-based and the novel application versions of the
DLQI in terms of patient acceptability and preference and in terms of consistency of
their scores, respectively.

Secondary objectives:

1 To assess the correlation between the DLQI scores assessed by the two different
methods: standard paper-based DLQI and the DLQI application
To assess the internal consistency and reliability of the DLQI application
To assess the feasibility of the DLQI application in the dermatology outpatient clinic
To compare the response burden between the two formats in terms of time spent on
completion

T To compare patientsdéd preferences for the u:
conventional versions of these tools in terms of ease of use, comfort of use and

perceived time to completion.

3.3.2 Methodology

3.3.2.1Sudy participants

The study employed a randomised cross-over design using a within-subjects comparison of
the two formats of the questionnaire. The study was conducted at the Dermatology outpatient

department, University Hospital of Wales, Cardiff, UK.
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3.3.22 Inclusion / exclusion criteria

The inclusion criteria were thus:
1 Aged 18 years and older
1 Confirmed diagnosis of any skin condition

1 Able to read, write and understand English

The exclusion criteria were thus:
1 Aged under 18 years
1 Having a co-existing non-dermatological medical condition of considerable severity,
as determined by the investigator
1 Having a co-existing dermatological condition of considerable severity, as determined
by the investigator
Not able to read and/or understand written English

Physical disability which would prevent writing or use of an iPad.

3.3.2.3Rhical considerations

The study protocol underwent one major amendment (see below). The original protocol
(Version 7, dated 21.5.14, Appendix XIIl) and a major amendment (Version 8, dated
22.10.14, Appendix XIV) were approved by a local Ethics Committee (Ref: 14/SW/0085,
National Research Ethics Service (NRES) Committee, South West-Central Bristol, UK,
Appendices XV & XVI). The local Cardiff and Vale University Health Board Research &
Development Department also approved the study. Written informed consent (Appendix XVII)

was completed by each study participant prior to entering the study.

3.3.2.4Recruitment

The initial protocol (Appendix XV) was approved to approach patients on the waiting list
several weeks prior to their outpatient appointments. All patients were sent invitation letters
with prepaid envelopes should they wish to participate (Appendix XIX). This involved a short
inclusion criteria checklist and a reply slip to be returned prior to their next appointment. Once
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the investigator received the replies, patients would be consented on the day of their
appointment and enrolled in to the study if appropriate.

However, this process presented significant administrative difficulties in the initial stages as
very few replies were being received. A total of 396 patients were approached via mail prior
to the appointment of which only 53 accepted to participate. Given the high non-participation
rate, an alternative approach to recruitment was drafted and this was submitted to the Ethics
Committee as a major amendment and was subsequently approved (Appendix XVI). The new
protocol allowed investigators to approach patients as they attended their scheduled
dermatology outpatient appointments. Thus, according to the new protocol, the following
method of recruitment was employed:

datients will be given the information sheet (Version 5, dated 22.10.14, Appendix
XX): they will be given the option to take the information sheet home and will be given a reply
slip with a prepaid envelope should they wish to have more time to think about it. They may
then decide in their own time if they would like to participate at their next appointment and
can return the reply slip.

However, patients will also be given the opportunity, should they wish, to participate
immediately after they have had their appointment. Most patients arrive up to half an hour
prior to their appointment which should provide ample opportunity to consider participation,
eligibility and to present any questions to the researchers.

Should the patient agree to participate on the same day and if they are assessed to be
eligible, the study will be conducted immediately after their appointment and will not take
longer than an hour. This will include study briefing, consenting and administering the
guestionnaires. The study will not have an impact on the patient's clinic appointment itself. 6
This alteration in protocol significantly improved recruitment rates: a further 101 patients were
approached with 56 participants agreeing to take part.

3.3.2.53udy procedure

Eligible patients were asked to complete the DLQI (both paper and electronic versions). The
order of completing of the questionnaires (paper version first versus an iPad® version first)
was randomised using a random number generator. After 30 minutes patients were asked to
complete the other format (Figure 3.6). Thirty minutes interval was used to minimise the
carryover effect and bias. However, a shorter duration also helps reduce patient waiting time
and burden, as following up patients to complete the study at a later date would result in a

higher cost and increase the chances of change in disease severity (Coons et al. 2009). The
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research team ensured that patients read a magazine, talked to staff or used their phones to
browse in-between testing, as forms of distraction to reduce potential bias from carryover
effect.

Figure 3.6 Flow diagram of the study procedure

Patients approaded in
Dermatology OPD (n = 497)

Ineligible or declined
(n= 388)

Patients recruited for study
(n=109)

Withdrawn (n = 5)

Randomised to complete Randomised to complete
Paper DLQI first(n = 57) iPad DLQI first(n =47)

<& 30-minute washout period

A4

Completion of iPad DLQI Completion of Paper
second(n = 57) DLQI second(n = 47)

Training to operate the electronic application was given in person to every subject by a
member of the research team, who remained with the patient throughout the duration of
completion in case the subject needed assistance. The electronic application also has basic
instructions on the home screen and all patients were given time to read this prior to
completion. Prior to completing either format of the DLQI, patients also completed a short
demographic questionnaire on age, gender, literacy levels, visual and tactile impairments,
diagnosis, and previous use of tablet computers or the DLQI. Completion of both versions
were conducted in a similar environment, both completions for the same subject were either
before or after their visitwi t h t he doctor, in order to reduce
consultation upon patient reported QoL. The time taken by participants to complete the DLQI
using the paper version and the application was recorded. Patients were asked to also
complete a short questionnaire asking about their perception, attitude and experience with
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the paper-based and electronic methods, concerning ease or difficulty of administration,
acceptability, time requirement, feasibility and being comfortable with disclosing personal

information using the novel application-based method.

3.3.2.6Sample size

Sample size was calculated in accordance with ISPOR guidelines (Coons et al. 2009). The
study power was set at 95%, with an expected intra-class correlation coefficient (ICC) of 0.9

(U = 0.05), resulting in a target sample size

3.3.2.7Data analysis

Data analysis was conducted using Statistical Package for the Social Sciences (SPSS)
version 20®. The concordance of DLQI scores between paper-based and the application-
based data was analysed using a two way fixed effects ICC model, which is the most
commonly utilised statistical measure in equivalence studies of this nature (Gwaltney et al.
2008). Wilcoxon signed rank test was used to compare DLQI scores and completion times
between the two formats; both variables were found to be non-normally distributed using the
Shapiro-Wilk test. A more stringent score difference of 1 point (3%) between the two versions
was considered equivalent, though a majority of studies target a maximum of 5% difference
(Coons et al. 2009). Sub-analysis was conducted to identify any carryover effect depending

on which format of the DLQI patients completed first.

Bland-Altman plots were drawn to measure the limits of agreement between the two formats.
Equivalence was considered with limits of agreement <=4, which is the minimal clinically
important difference (MCID) for the DLQI (Basra et al. 2015a).

Descriptive analysis was used to present demographic data of the patients and their feedback

on the preference and experience of using the tools. Linear regression techniques were used
to identify correlation of iPad completion times with age.
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3.3.3 Results

3.3.3.1Scio-demographic characteristics of the study participants

A total of 104 patients were recruited, mean age 52 years (SD * 18.7, 43% male):
demographic details are given in Table 3.3. The most common diagnoses were psoriasis

( 39 %) ,l ebssikoind (19%) and eczema (13%) The maj o
highest level of education at school. Seventeen percent of patients had never used a Tablet
bef ore and 46% stated that they were fal3)l ittl e

prior to participating in this study.

Age

Sex
Nationality

First
Language

Education

Visual
Impairment

Tactile
Impairment
Diagnosis

Tablet Use

Table 3.3 Demographic characteristic of the study participants (DLQI study)

All (n=104)

Mean * sd
Median + IQR
Range

(n=96)

Male

Female

British

Other

English

Welsh

Other

Secondary School
University

None

Glasses

Other condition
Unspecified
Missing data

Yes

No

Skin Lesion
Psoriasis
Eczema/Dermatitis
Alopecia

Vitiligo

Infection
Acne/Folliculitis
Cyst

Non-skin cancer
Allergy
Hidradenitis
Autoimmune/inflam
matory condition
Unknown diagnosis
Missing data

Daily
Less Often

51.5 £ 18.7
&80 == Jil
20 - 89

43.3% (45)
56.7% (59)
91.3% (95)
8.7% (9)
90.4% (94)
1.9% (2)
7.7% (8)
60.6% (63)
37.6% (41)
59.6% (62)
29.8% (31)
5.8% (6)
1.9% (2)
2.9% (3)
9.6% (10)
90.4% (94)
19.2% (20)
38.5% (40)
13.5% (14)
1.0% (1)
1.9% (2)
3.8% (4)
6.7% (7)
2.9% (3)
1.9% (2)
1.0% (1)
1.9% (2)
1.9% (2)

é

2.9% (3)
2.9% (3)

49.0% (51)
32.7% (34)

Paper First (n=57)
Mean + sd

Median + IQR
Range

(n=53)

Male

Female

British

Other

English

Welsh

Other

Secondary School
University

None

Glasses

Other condition
Unspecified
Missing data

Yes

No

Skin Lesion
Psoriasis
Eczema/Dermatitis
Alopecia

Vitiligo

Infection
Acne/Folliculitis
Cyst

Non-skin cancer
Allergy
Hidradenitis
Autoimmune/inflam
matory condition
Unknown diagnosis
Missing data

Daily
Less Often

51.5+19.3
54 + 35
20 - 89

50.9% (29)
49.1% (28)
91.2% (52)
8.8% (5)
87.7% (50)
3.5% (2)
8.8% (5)
57.9% (33)
42.1% (24)
64.9% (37)
24.6% (14)
5.3% (3)
3.5% (2)
1.8% (1)
8.8% (5)
91.2% (52)

22.8% (13)
33.3% (19)
14.0% (8)

1.8% (1)
3.5% (2)
5.3% (3)
3.5% (2)
1.8% (1)
1.8% (1)
3.5% (2)
1.8% (1)

é

5.3% (3)
1.8% (1)
40.4% (23)
43.9% (25)

iPad First (n=47)
Mean + sd
Median £ IQR
Range

(n=43)

Male

Female

British

Other

English

Welsh

Other
Secondary School
University

None

Glasses

Other condition
Unspecified
Missing data
Yes

No

Skin Lesion
Psoriasis
Eczema/Dermatitis
Alopecia
Vitiligo

Infection
Acne/Folliculitis
Cyst

Non-skin cancer
Allergy
Hidradenitis

Autoimmune/inflamm

atory condition
Unknown diagnosi
Missing data

Daily
Less Often

S
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51.4 £ 18.2
50 £ 29
20 - 85

34.0% (16)
66.0% (31)
91.5% (43)
8.5% (4)

93.6% (44)

6.4% (3)
63.8% (30)
36.2% (17)
53.2% (25)
36.2% (17)
6.4% (3)

4.3% (2)
10.6% (5)
89.4% (42)
14.9% (7)
44.7% (21)
12.8% (6)
2.1% (1)
2.1% (1)
4.3% (2)
8.5% (4)
2.1% (1)
2.1% (1)

1% (1)

DN

59.6% (28)
19.1% (9)



Never 17.3% (18) Never 14.0% (8) Never 21.3% (10)
Missing data 1.0% (1) Missing data 1.8% (1) Missing data -
Tablet Very Comfortable 52.9% (55) Very Comfortable 54.4% (31) Very Comfortable 51.1% (24)
Comfort A Little Comfortable A Little Comfortable A Little Comfortable
Not Comfortable 30.8% (32) Not Comfortable 29.8% (17) Not Comfortable 31.9% (15)
Missing data 15.4% (16) Missing data 14.0% (8) Missing data
1.0% (1) 1.8% (1) 17.0% (8)
Used DLQI Yes 9.6% (10) Yes 7.0% (4) Yes 12.8% (6)
before? No 89.4% (93) No 93.0% (53) No 85.1% (40)
Missing data 1.0% (1) Missing data - Missing data 2.1% (1)
3.3.3.2Comparisons of validity and reliability
The ICC showed high concordance between the total DLQI scores from paper and iPad®
versions (ICC = 0.98; 95% CI 0.97-0.99) (Table 3.4a).
Table 3.4a Equivalence analysis of paper and electronic DLQI overall mean scores and
mean completion time
Difference Limits of
(P71 iP) agreement
Paper iPad® ICC* mean + SD lower upper
(95% Cl)
DLQI scores
(n=104)
Mean = SD 7.5+ 8.0 6.9+ 7.6 0.98 0.5 N 1017 0.87
(0.97 i 0.99)
Median £ IQR 50+ 11.0 4.0 £ 10.0 0.0+ 1.0
DLQI times
(mins:seconds)
Mean = SD 1:19 + 0:03 | 1:32 £ 0:57 | 0.59 0:12 NJ|-0:22 -0:02
(0.39 7 0.72)
Median + IQR 1:13 + 0:40 | 1:18 + 0:36 -0:09 £ 0:38
Footnote:
P-iP = Paper - iPad®
*Hypothesisi ng coef ficient of O 0.9
A p value < 0.05 calculated by Wi lcoxon Sighnec
AA p value < 0.05 testal cul ated by paired t

y Limit of agreement are 95% confidence interval around the difference of + 1
The median difference of scores was also within the hypothesised difference of +1 point

(p=0.006, Figure 3.7). The lower and higher limits of agreement were -3.1 and 4.1,
respectively (Figure 3.8).
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Figure 3.7 Box plot demonstrating the score distribution of both paper and iPad DLQI formats
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Figure 3.8 Bland-Altman plot demonstrating Paper and iPad DLQI score agreement
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Patients took a slightly longer time to complete the DLQI on the iPad® than on paper. The
median of the individual time differences was 9 seconds (IQR=-25-13 seconds, p=0.008).
However, as shown in Table 3.4b, there was no carryover effect on scores (p=0.56) or
completion times (p=0.76) regardless of which format of the DLQI was used first. Linear

regression demonstrated that the time taken to complete the iPad version was weakly

105



correlated in a positive manner with age, with older patients taking slightly longer (R?*=0.257,

p=0.012). The estimated increase was 7.99 seconds for each 10-year increase in age.

Table 3.4b Equivalence analysis of paper and electronic DLQI as per first modality used

All (n=104) Paper First (n=57) iPad® First (n=47)
Paper Score:Mean + sd 7.5+ 8.0 7.3+x7.9 7.6 8.1
Median £ IQR 5+11 5+ 12 6+ 11
Range 071 30 0-26 07 30
iPad® Score: Mean * sd 6.9+7.6 6475 7.6 £7.8
Median = IQR 4+10 4+10 6+ 11
Range 0-27 0-26 07 30
Paper Time: Mean = sd 01:19 £ 00:03 01:27 £ 00:36 01:10 £ 00:30
Median + IQR 01:13 + 00:40 01:24 + 00:33 01:03 + 00:39
Range 00:28 i 04:15 00:28 i 04:15 00:30 i 02:49
iPad® Time: Mean * sd 01:32 £ 00:57 01:26 £ 01:07 01:39 £ 00:43
Median £ IQR 01:18 £+ 00:36 01:13 £ 00:29 01:25 £ 00:44
Range 00:3571 08:24 00:35171 08:24 00:49 1 02:49
Score difference:Mean * sd 05+1.8 1.0 £2.0 0014
Median £ IQR 0x1 02 00
Range -3)71 11 (-2) -11 (-3)1 5
Confidence Intervals 0.17 1 0.87 0.43 -1.47 (-0.42) i 0.42
p value 0. 006A
Carryover effect 0.56A
Time difference: Mean * sd (-00:12) + 00:50 00:00 = 01:01 (-00:28) + 00:26
Median = IQR (-00:09) + 00:38 00:09 + 00:32 (-00:26) + 00:35
Range (-06:45) 1 00:58 (-06:45) 7 00:58 (-01:53) 7 00:16
Confidence Intervals (-00:22) i (-00:02) (-00:16) 7 00:16 (-00:36) 1 (-00:20)
p value 0. 008A

Carryover effect

A -yalue calculated by Wilcoxon Signed Rank test (matched pairs)

3.3.3.3Comparisons of applicability and practicality

0.76A

Patients were asked: @n a scale of 1 to 10, where 1 is very uncomfortable and 10 is very

comfortable, how comfortable were you using the iPad application version ofthe DL QLI 6

addition, patients were also asked: @®n a scale of 1 to 10, where 1 is very difficult and 10 is

very easy, how easy did you find it to use the iPad application version of the D L Q | Bbth .

guestions were also asked about the paper version of the DLQI. Patients found both paper

and iPad® versions were easy (mean 9.4 + 1.3 for paper and 9.6 = 1.3 for iPad®) and

comfortable to use (mean 9.4 + 1.1 for paper and 9.6 + 1.4 for iPad®) (Table 3.5). Overall,

57% of patients reported perceived time to complete the iPad® version as shorter than that of
the paper version. The format of the questionnaire used first has an effect on the perceived
time of iPad® completion; more patients perceived shorter time with iPad® when paper was
used first than when iPad® used first (70% vs. 43%; p=0.023). The feedback results in other
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areas were the same whether paper or iPad® was completed first. The majority of patients

(76%) preferred iPad® over the paper version. The p at i dembgsaphics or previous

experience with Tablets did not have any effect on the choice of preference and completion

of the questionnaire.

Table 3.5 Comparisons of applicability and practicality of paper and electronic versions of the

DLQI

Ease of
use: Mean
+ SD
Median +
IQR
Comfort:
Mean + SD
Median +
IQR
Perceived
time to
complete
iPad®
Shorter
than paper
The same
as paper
Longer than
paper
Missing
data
Preference
Paper
iPad®

No

preference |

All (n=104)

Paper
9.4+13

57.7% (60)
35.6% (37)
5.8% (6)
1.0% (1)
13.5% (14)

76.0% (79)
10.6% (11)

Paper First (n=57)

Paper
9.6 £0.8

70.2% (40)
26.3% (15)

3.5% (2)

15.8% (9)
75.4% (43)
8.8% (5)

iPad®
9.8+ 0.7

iPad® First (n=47)

Paper
9.1+1.6

42.6% (20)
46.8% (22)
8.5% (4)
2.1% (1)
10.6% (5)

76.6% (36)
12.8% (6)

iPad®
9.4+1.8

Score: 10 = very easy or very comfortable, 1 = very difficult or very uncomfortable

3.4 Validation of the electronic PASI

Despite its many shortcomings, the PASI remains the standard method worldwide for

psoriasis assessment (Fredriksson and Pettersson 1978; Ashcroft et al. 1999). As with the

DLQI, the use of new electronic methods of recording PASI scores raises further concerns

about whether the method of administration may affect sign recording and score calculation.

This issue is of importance to all users of PASI applications in the clinic and in clinical studies.
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The aim of this study was to determine whether it is appropriate to continue to assume that

scores remain equivalent, whatever the administration method.

Though there is no ideal measure of assessing clinical severity, the PASI has become the
most widely used tool and is often utilised for validating new psoriasis severity measures
(Jensen et al. 2011). There are several criticisms of PASI including debates around the
categorical assignment and weight of each of its components (Weisman et al. 2003), as well
as limited inter-rater agreement (Gourraud et al. 2012). Although traditionally the PASI is
completed on paper (BAD 2019) and the total score is calculated manually, several studies
(Kreft et al. 2006; Schmitt-Egenolf 2007) have implemented electronic versions. However,
there is no obvious evidence that these formats are validated or have been compared to the
original paper-based version, raising the prospect of incomparable data between the two
formats due to a lack of equivalence. As detailed previously, Coons et al. (2009) have
proposed guidelines detailing the level of evidence required to demonstrate equivalence for
patient-reported outcomes (PRO), depending on the amount of modification to the original
PRO. This methodology may be applicable to clinical severity measures.

There is widespread use of hand-held and portable devices such as smartphones and
Tablets amongst clinicians, researchers and patients. Thus, there is potential to streamline
the doctor-patient consultation enabling healthcare systems to become more efficient (Batista
and Gaglani 2013). Nevertheless, as with ePROs, these devices are often used for clinical
severity assessment without formal validity testing raising concerns of appropriateness of
use. The availability of a validated PASI application would alleviate such concerns and
contribute to better management of patients with psoriasis by having an easy tool for regular
monitoring of disease severity by utilising an illustrated step-by-step application for scoring by
both patients and clinicians alike. Moreover, this tool could potentially reduce inter-rater
variability due to the visual nature of electronic scoring, and reduce error by automatic final
score calculation, as well as encouraging the conversion of other clinical measures across
dermatology and other medical fields. In the research setting, the availability of an application

would facilitate more efficient data collection.

3.4.1 Aims & objectives

This study aimed at comparing the conventional paper-based and a novel application version

of the PASI, following ISPOR guidelines (Coons et al. 2009), concerning rater preference and
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in terms of consistency of scores. An assessment was also conducted of carryover effect
depending on which format raters completed first (paper versus iPad).

3.4.2 Methodology

The study also employed a randomised cross-over design using a within-subjects comparison
of the two formats of the PASI. The study was conducted at the Dermatology outpatient
department, University Hospital of Wales, Cardiff, UK.

3.4.2.1 Ethical considerations

The ethics committee that approved the study protocol (Appendices Xl & XIV) was the
National Research Ethics Service (NRES) Committee, South West-Central Bristol, UK (Ref:
14/SW/0085, Appendices XV & XVI), and the Cardiff and Vale University Health Board
Research & Development Department also approved the study. Written informed consent
(Appendix XVII) was completed by each patient prior to entering the study.

3.4.2.2 Study participants

3.4.2.21 Inclusion / exclusion criteria

Inclusion criteria were:
9 Patients aged 18 years or older
9 Clinical diagnosis of chronic plaque psoriasis

1 The ability to read and understand English

The exclusion criteria included:
Aged under 18 years

9 Having a co-existing non-dermatological medical condition of considerable severity,
as determined by the investigator

1 Having a co-existing dermatological condition of considerable severity, as determined
by the investigator
Not able to read and/or understand written English

Physical disabilities which would prevent writing or use of an iPad
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3.4.2.2.2Raters

Not all raters had experience in using the PASI measure. Therefore, they received
standardised clinical training for using the PASI assessment template prior to enrolment of
patients with psoriasis to ensure uniformity of assessment. Formal inter-rater testing was also

conducted.

3.4.2.3The Psoriasis Areae8erity Index iFad® Aop

The PASI was developed into an electronic application on the iPad® by Janssen EMEA®.
Only this particular iOS( Appl e 6 s Op e rvargion wag tesid ferthe pujpose of
studying equivalence. The individual items and their response categories/scale were
unchanged, allowing the raters to select options using touch. The application (Psoriasis
3600) is available without charge and may be downloaded from the Apple App Store:
https://appsto.re/gb/-JIFw.i. It is also available on the Google (Android) App Store:

https://play.google.com/store/apps/details?id=com.sapnagroup.p360&hl=en GB. The

screenshots of the electronic App are displayed in Figure 3.2, the paper version may be seen
in Figure 3.9.

110


https://appsto.re/gb/-JIFw.i
https://play.google.com/store/apps/details?id=com.sapnagroup.p360&hl=en_GB

Figure 3.9 The PASI assessment template (BAD 2019)

Lotabinhed 192>

PSORIASIS AREA AND SEVERITY INDEX (PASI) WORKSHEET ol o
'y Skin

HOSPITAL NO.:
PATIENT NAME:
DATE OF VISIT:

The Psoriasis Area and Severity Inde x (PASI) is a quantitative rating score for measuring the
severity of psoriatic lesions based on area coverage and plaque appearance.

Plaque characteristic Lesion score Head Upper Limbs Trunk Lower Limbs
Erythema 0 = None

1 = Slight
Induration/Thickness 2 = Moderate

3 = Severe

Scaling

4 = Very severe

Add together each of the 3 scores for each body region to give 4 separate sums (A).

Lesion Score Sum (A)

Percentage area
affected

Area score

Head

Upper Limbs

Trunk

Lower Limbs

Area Score (B)

Degree of involvement as a
percentage for each body
region affected (score each
region with score between
0-6)

0 =0%
1=1%-9%
2 =10% - 29%
3 =30% - 49%
4 =50% - 69%
5 =70% - 89%

6 = 90% - 100%

Multiply Lesion Score Sum (A) by Area Score (B), for each body region, to give 4 individual subtotals (C).

Subtotals (C)

Multiply each of the Subtotals (C) by amount of body surface area represented by that region, i.e. x 0.1 for head, x
0.2 for upper body, x 0.3 for trunk, and x 0.4 for lower limbs.

Body Surface Area x 0.1 x 0.2 x 0.3 x 0.4

Totals (D)

Add together each of the scores for each body region to give the final PASI Score.

3.4.2.43udy procedure

Eligible patients were recruited into the study whereby individual raters completed the PASI
(both paper and electronic versions). The order of completion of the PASI (paper version first
versus an iPad® version first) was randomised using a random number generator. There was
a 30-minute interval between completing the two formats (Figure 3.10).

111



Figure 3.10 Flow diagram of the study procedure

Patients recruited for study

(n=44
Randomised to be Randomised to be
assessed using Paper assessed using iPad PAS
PASI first(n =21) first (n =23)
Withdrawn (n = 1) S 30-minute washout period
V
Completion of iPad PASI Completion of Paper
second(n = 21) PASI secondn = 22)

As with the DLQI, a thirty-minute interval was introduced in order to minimise patient burden
and waiting time: asking patients to complete the study at a later date would have affected
the validity of the results because of the fluctuating nature of psoriasis severity, as well as
increasing the total study cost (Coons et al. 2009). Furthermore, several patients completed
both the DLQI and PASI study at the same time (n=10) making similar interval times more
convenient. The research team ensured that the raters completed other clinical tasks or
administrative work in-between testing as forms of distraction in order to reduce training effect

and hence minimising bias.

Raters had varying experience with the PASI and consisted of a medical student, a post-
graduate doctorwi t h a mast er 6 s dandasmor resparct fellowimt ol ogy
dermatology. In order to minimise differences between raters, training to operate the
electronic application was given in person to each rater by a member of the research team
who was available on site in case the raters needed assistance. The electronic application
also has basic instructions on the home screen and all three raters were given time to
practice its use prior to starting patient assessment. Initially five patients were chosen, using
purposive sampling, to ensure that there were no significant differences (i.e. inter-rater bias)
in how raters completed the PASI. Each rater assessed the same patient with both paper and
electronic versions and then the PASI components were compared. This pilot was carried out
at the outset to ensure there were no major discrepancies (bias) between how raters scored
the PASI.
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The patients completed a short demographic questionnaire on age, gender and diagnosis.
Completion of both PASI formats were conducted in a similar environment, both completions
for the same subject were either before or after any treatment application, in order to reduce
the effect of intervention on disease severity. The time taken by the raters to complete the
PASI using the paper version and the application was recorded by the raters themselves. The
time taken for calculating the scores on the paper version was not recorded, though the
electronic application provides this automatically. The raters were interviewed regarding their
experience of using the electronic application compared to the paper-based version.

3.4.2.5Smple size

Sample size was calculated in accordance to ISPOR guidelines (Coons et al. 2009). The
study power was set at 80%, with an expected intra-class correlation coefficient (ICC) of 0.9
(U = 0.05), resulting in a target sample size

3.4.2.6Data analysis

Data analysis was conducted using SPSS version 20®. The concordance of PASI scores
between paper-based and the application-based data were analysed using a two-way fixed
effects ICC model (Gwaltney et al. 2008), as per the electronic DLQI study. Wilcoxon signed
rank test was used to compare PASI scores and completion times between the two formats.
A more stringent score difference of 1.5 points (2%) between the two versions was
considered equivalent, though a majority of studies target a maximum of 5% difference
(Gwaltney et al. 2008). Bland-Altman plots were drawn to measure the limits of agreement
between the two formats. Equivalence was considered with limits of agreement <=3.2, which
is the minimal clinically important difference (MCID) for the PASI (Mattei et al. 2014).
Sub-analysis was conducted to identify any carryover effect depending on which format of the
PASI raters completed first. Descriptive analysis was used to present demographic data of

the patients.
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Age

Sex
Nationality

Duration of
Psoriasis
(years)
Concomitant
Diagnoses

3.4.3 Results

3.4.3.1 Performance of raters

All three raters had high correlation in test scores (Pearson correlation 0.95, p<0.05, n=5
(number of patients)) ensuring that the assessment criteria were standardised.

3.4.3.2%cio-demographic characteristics of the study participants

Forty-four patients were recruited, mean age 45 years (SD £ 16, 59.1% male) (Table 3.6).
The mean duration of chronic plaque psoriasis diagnosis was 19.2 years (SD * 14.8, IQR 8-
30), with PASI severity ranging from 0.7 to 28.5. Most patients did not have other medical
conditions, though a minority suffered from diseases such as diabetes (2%) and hypertension
(2%).

Table 3.6 Demographic characteristics of the study participants (PASI study)

All (n=44) Paper First (n=21) iPad First (n=23)

Mean + sd 45.4 + 16 Mean + sd 47.1 + 17.4 | Mean + sd 44 + 15
Median (IQR) 41 (31.5-57.5) Median (IQR) 41 (30-61) Median (IQR) 43 (31.8-51.5)
Range 20 - 78 Range 23 -77 Range 20 - 78
Male 59.1% (26) Male 42.9% (9) Male 73.9% (17)
Female 40.9% (18) Female 57.1% (12 Female 26.1% (6)
British 95.5% (42) British 95.2% (20) | British 95.7% (22)
Other 4.5% (2) Other 4.8% (1) Other 4.3% (1)
Mean + sd 19.2 £14.8 Mean + sd 21.4 +17.4 | Mean * sd 17.1 £11.7
Median (IQR) 15 (8-30) Median (IQR) 18 (8-32.5) | Median (IQR) 13 (8.75-30)
Range 0-7 Range 0-70 Range 1-40
None 82% (36) None 90.5% (19) | None 73.9% (17)
PTSD/Anxiety 2.3% (1) PTSD/Anxiety 4.8% (1) Coeliac disease 4.3% (1)
Coeliac disease 2.3% (1) Eczema 4.8% (1) Adenomyosis 4.3% (1)
Adenomyosis 2.3% (1) Psoriatic arthritis 4.3% (1)
Psoriatic arthritis 2.3% (1) Hypertension 4.3% (1)
Hypertension 2.3% (1) Diabetes 4.3% (1)
Diabetes 2.3% (1) Contact allergy 4.3% (1)
Contact allergy 2.3% (1) Bipolar disorder 4.3% (1)
Bipolar disorder 2.3% (1)

Eczema 2.3% (1)

3.4.3.3Comparisons of validity and reliability

The ICC showed high concordance between the total PASI scores from paper and iPad®
versions (ICC = 0.993; 95% CI = 0.988-0.996) (Table 3.7a).
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Table 3.7a Equivalence analysis of paper and electronic PASI: overall mean scores and
mean completion time

Paper iPad® ICC* Difference Limits of
(95% CI) (P1iP) agreemer
PASIscores lower | upper
(n=104)
Median (IQR) 5.7 (2.1- 5.8 (2.7- 0.993 0.0(-0.3 7 -1.4 14
10.7) 9.3) (0.988 i 0.4) A
0.996)
PASItimes
(mins:seconds)
Median (IQR) 2:32 2:27 0.444 -00:10 (-
(01:55- (01:54- (0.148'i 00:31-0 0 : 4
03:07) 03:00) 0.665)
Footnote:

P-iP = Paper - iPad®

* Hypothesisingc oef f i ci ent of O 0. 9

A p value > 0.05 calcul at e(datchegipayi | coxon Signec
y Limits of agreement calculated from Bland-Altman plots (Figure 3.12)

The median difference in PASI scores was also within the hypothesised difference of +1.5
points (p=0.72, Figure 3.11). The lower and higher limits of agreement were -1.4 and +1.4,
respectively (Figure 3.12).
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Figure 3.11 Box plot demonstrating the score distribution of both paper and iPad PASI
formats
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Figure 3.12 Bland-Altman plot demonstrating Paper and iPad PASI score agreement
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The PASI iPad® version demonstrated reduced inter-rater variability compared to the paper

version (Pearson correlation =0.982 vs 0.949, number of patients assessed=5). As shown in
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Table 3.7b, there was no carryover effect demonstrated with scores (p=0.82) or time to

completion (p=0.16) regardless of which format of the PASI was used first.

Table 3.7b Equivalence and carryover analysis of paper and electronic PASI

Paper Score (n=43):
Median (IQR)

Range

iPad® Score (n=44):
Median (IQR)

Range

Paper Time (mins:seconds):

Median (IQR)
Range

iPad® Time (mins:seconds):

Median (IQR)
Range

Score difference:
Median (IQR)
Range

p value

Carryover effect

Time difference (mins:seconds):

Median (IQR)

Min and max
p value
Carryover effect

All

5.7 (2.1-10.7)
0.77 27

5.8 (2.7-9.3)
0.87 285

02:32 (01:55-03:07)
00:51 7 04:30

02:27 (01:54-03:00)
00:41 7 05:58

0 (-0.3-0.4)
(-1.9)7 1.4
0.72A

-00:10 (-00:31-00:40)

(-02:41) i 01:57
0.81A

Paper First (n=21)
6.8 (1.8-10.8)
0.71 17.6

6.3 (2.2-9.9)
0.87 19.5

03:01 (02:26-03:31)
00:51 71 04:30

02:15 (01:45-02:56)
00:41 7 05:58

0 (-0.3-0.7)
(-1.9) -1.3

00:38 (00:12-01:07)

(-02:41) i 01:57

A -yalue calculated by Wilcoxon Signed Rank test (matched pair)

iPad® First (n=23)
4.4 (2.5-8.9)
11 27

5 (2.8-7.7)
097 285

02:08 (01:37-02:36)
01:22 7 04:30

02:37 (02:08-03:05)
01:27 7 04:37

0 (-0.6-0.4)
(-15)7 1.4

0.82A

-00:24 (-00:57-
-00:12)

(-02:04) i 00:14

0.16A

Scatterplots (Figure 3.13) demonstrated a strong correlation between iPad and paper scores

(R?=0.986), though a weaker correlation between time taken for completion (R? = 0.198).
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Figure 3.13 Scatterplots demonstrating Paper and iPad PASI score and completion time
correlations

(a)
Scatterplot correlating paper and electronic PASI scores
30.0
=]
R? Linear = 0.986
20.04
g
=]
o
wvi
-]
£
10.04
o T T T T T T T
0 5.0 10.0 15.0 200 25.0 30.0
Paper Score
Scatterplot correlating paper and electronic PASI completion times
400
R? Linear = 0.198 -
300
_— o
4 o
@
R
o
E
= 2004
°
£
100
(e}

i 1 T T T
50 100 150 200 250 300
Paper time (secs)

3.4.3.4PASEtompletion time

The raters took a median of 147 seconds (iPad®) versus 152 seconds (paper), not including

calculation time (p=0.81, Table 3.7a).

3.4.3.5PAShpplicability and practicality

The raters documented their experience of utilising the iPad version of the PASI with respect

to its applicability and practicality. They reported that the iPad version was easier to use
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compared to the paper version due to the visual nature of the App allowing accurate
assessment and calculation of severity scores. However, suggestions were made to improve
the user interface, in particular the body area percentage which had to be selected on a scale
as opposed to set categories. Concerns regarding infection control were also mentioned.

Nevertheless, there was unanimous preference of the iPad version in a clinical context.

3.5 Discussion

Computer-based assessments (CBAs), measures of clinical severity and PROs have been
increasingly used in preference over their paper and pencil versions. This trend is attributed
to the inherent benefits of digital formats of administration including increased reliability of
data, improved error rates and patient compliance (Hanscom et al. 2002; Gwaltney et al.
2008), as well as being, on balance, more environmentally friendly (Faulds et al. 2016).
Disadvantages of traditional paper-based completion include issues such as missing values
and storage space and costs for large volumes of data. Research data were often manually
transferred from paper to static computers or terminals which is not only time consuming, but
has the capacity to introduce transcription errors (Saleh et al. 2002; Lee et al. 2007), thereby
reducing the reliability of captured data. These issues can be avoided by the use of CBAs of
QoL guestionnaires. Researchers are now making a concerted effort to validate their
measures electronically from the outset, or alongside their paper counterparts in order to
benefit from better data analysis and reduced administrative costs (Deal et al. 2010;
Bachinger et al. 2016). Nevertheless, CBAs have limitations (Bezjak et al. 2001; Carlson et
al. 2001). There is often a learning curve associated with electronic applications alongside
considerable investment of resources, with consistent internet connectivity often as a
requirement (Tung and Nambudiri 2018). Data confidentiality and protection require much
thought, as patient information needs regular back up, with a digital infrastructure in place to

prevent cyber-attacks or exposure to computer viruses (Faulds et al. 2016).

This discussion will aim to summarise and discuss the findings of each study pertaining to the

DLQIl and PASI and synthesise conclusions accordingly.

3.5.1 DLQI

Computer-based administrations of QoL measures such as in the form of electronic
applications using touchscreen computers, including Tablets (e.g. iPad®), is one of the ways

that more frequent assessments can be conducted with minimal burden on patients and
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clinical staff, in addition to meeting the requirements outlined above. This method, that
includes not only CBA, but also scoring and presentation of QoL results, eliminates the need
for a test (interviewer) administrator, as usually needed for traditional paper and pencil
formats, while providing immediate "real-time" feedback. Information from assessments can
be displayed in graphic reports as visual aids that help guide discussions about treatment
options and care planning. The availability of electronic versions of QoL instruments on
various computer-based devices has the potential to reduce both the respondent burden and
administrative time required to transfer the results of these patient-reported outcomes e.g.
QoL scores to t he nang thefeasbility andlsgistidseokiktegratinghreal-
time QoL assessment data forimmediate use into routine clinical care to aid decision-making.
A further benefit of electronic data capture is the ability to record time and date stamps, in
contrast to paper capture whereby completion may occur at a different time to that recorded
or intended; a feature particularly useful for diary data. The computer-based measurement of
QoL was well accepted by patients who felt that this method was a useful tool to inform the
clinician about their problems (Velikova et al. 2002). Data are more complete on the
electronic questionnaires compared with paper questionnaires, data handling is greatly
simplified and the majority of patients prefer electronic completion (Drummond et al. 1995).
The availability of an electronic format of the DLQI could potentially streamline referral
systems from primary care, allowing more appropriate allocation of appointments and
resources. For example, the DLQI is integral to guidelines assessing the severity of psoriasis
(Finlay 2005) and chronic hand eczema (Paulden et al. 2010) and referrals could potentially
be triaged according to DLQI severity (Atwan et al. 2017). In the research setting the
availability of an electronic application would facilitate more efficient data collection in

multicentre clinical trials and for longitudinal assessments of disease severity.

In response to the increasing interest, an electronic application of the DLQI has been
developed to encourage its further uptake in the current modernised clinical and research
settings in many countries. Although, computerised administration of QoL tools in other
specialities has been shown to have numerous advantages over traditional paper-based tools
(Hanscom et al. 2002), this method of QoL assessment to encapsulate an overall disease

severity concept has not yet been widely used in dermatology.

Level of education and literacy are important to consider when conducting PRO studies

(Bushnell et al. 2003): this study is representative of the general population with the study

subjects6 education ranging from secondary school
Previous experience with use of a Tablet device did not affect results, with 17.3% of patients

having never used one before and 46.@6& ot admot
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comf ortabled with using a Tabl et. Overall, 76¢9
paper version and found it easier to use and more comfortable. Furthermore, 93% of patients

perceived that the iPad was quicker to complete or took at least the same time as the paper

version, though the iPad completion was actually slower by a median of 9 seconds

(p=<0.008). Similar findings have been reported in many studies comparing the electronic

and paper PROs (Kleinman et al. 2001; Gwaltney et al. 2008; Campbell et al. 2015).

However, patients were aware they were being timed when completing both versions of the

DLQI, which could be a potential source of bias. Slower completion times could be attributed

to the lack of familiarity of navigating on the iPad and occasional non-responsiveness of the

touch screen. I nvestigators reported that var.i
screen appropriately and often searched for a
instructions provided to the user on every occasion. This may be attributed to a simple design

flaw in the application itself whereby navigation may be updated to become more intuitive.

This study indicates that patients enjoy using the iPad more and the extratime spent had a

negligible impact on patient experience. One concern exhibited by a few patients included

potential cross-infection risk with shared iPads, though this may be less of an issue where

personal electronic devices are used to monitor QoL changes over a period of time.

There are some limitations to the study. For example, a 30 minutes washout period may be
considered too short and result in a carryovel
statistical evidence of this (Table 3.4b). Theoretically, this only may have occurred when the

iPad was administered first, as patients spent longer on average completing it, therefore

possibly having more time to remember the questions and answers. This effect however was
counteracted by the cross-over study design, and reading material was provided to patients

as a O0distractioné. Nevertheless, there is no
PRO administrations: interval times between administrations have ranged from one minute to

seven years (sic) (Quadri et al. 2013). Other studies have also used 30 minutes as a washout

period (Sun et al. 2015). In order to reduce patient time and travel burden, as well as to

ensure that disease severity did not fluctuate in-between administrations, the shorter washout

period of 30 minutes was used. Touch screen surfaces are also prone to accidental touches,

which may result in recording unintentional item responses, contributing to final score

differences. The electronic version of the DLQI utilised in this study does not allow completion

until all items are answered, which may impact validity if patients are coerced into answering

questions they may have otherwise skipped on a paper format. This could have ethical

implications from not giving patients the choice of not responding to a question if they do not

wish to do so. I n the DLQI, this issue is part

eight of the ten questions. The median score d
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are no clinically significant differences in completion and the strong correlation suggests that
the two formats may be used interchangeably. Though the significant p-value of 0.006 for
median total score difference is statistically significant, this is likely due to the large sample
size (Doll and Carney 2005) as well as other biases such as unfamiliarity of the patients with
the device/application. Furthermore, the MCID for the DLQI is four (Basra et al. 2015a) and
therefore the difference in scores is negligible in a clinical context. The limits of agreement
from the Bland-Altman plots (-3.4 to +4.1) are also similarly reassuring.

Touchscreen devices offer many advantages including portability and real-time assessment
of QoL status (Dale and Hagen 2007). Though this study did not involve full psychometric
evaluation of the DLQI, there is evidence to suggest that where minimal modifications have
been made, psychometric properties remain intact and need not be tested again (Gwaltney et
al. 2008; Coons et al. 2009; Muehlhausen et al. 2015). Whilst cognitive debriefing is
suggested for equivalence studies of electronic PROs where only minor modifications are
made (Coons et al. 2009), this requirement was circumvented by using a higher threshold for
testing equivalence (i.e. by comparing scores). It is hoped this will provide further
reassurance for users who may have had concerns regarding the validity of scores from the
use of the DLQI in the previously non-validated electronic formats that have been used for
many years. Formally testing such measures in this novel format provides confidence for end
users who might otherwise have been reluctant to consider use of such formats because of
concerns about validity or applicability. Thus, such studies may have wider and reassuring
implications not just for the DLQI, but also for PROs within dermatology and across other
medical specialties, encouraging the validation of electronic versions simultaneously with the
paper format. Several challenges remain, including interface design decisions, data collection
(Zbrozek et al. 2013) and adapting electronic PROs to target populations, particularly in
patients with physical disabilities or other impairments (Hahn and Cella 2003). However,
patients with hand arthritis or eczema for whom paper completion would not be possible may
find touch screen or voice controlled completion easier. This study has demonstrated that
when the DLQI is migrated to an electronic format, the scores are equivalent, despite an
overall slower completion time, which should become negligible with increased use and
improvements to the application interface. This study provides evidence of equivalence for
this electronic application in particular (Psoriasis 360©), and future/other iterations of the
electronic DLQI may not necessarily be equivalent. However, in most cases the changes to
font size and layout are minor and thus repeated equivalence studies may be deemed
unnecessary (Coons et al. 2009).

The majority of patients preferred the electronic DLQI over the paper format, reflecting the

findings of many similar studies (Velikova et al. 1999; Ryan et al. 2002; Bushnell et al. 2003).
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This study demonstrates equivalence in the measurement properties of paper and electronic
formats, providing confidence for the use of electronic format of the DLQI in both clinical and
research settings, thereby paving the way for current practice to enter the digital era. This
digital era in medicine will continue to be fuelled by a new generation of healthcare
professionals who will have been trained in the context of accepting as normal the central role
of electronic devices in healthcare. Patients and healthcare professionals are becoming more
comfortable communicating and delivering their experience (non-medical expertise) and
clinical expertise, respectively, within a digital environment. In this context the electronic

DLQIshoul d be a valwuable instrument in a profess

3.5.2 PASI

The same electronic application (Psoriasis 360©) was also utilised for the purpose of

validating the electronic PASI using an iPad®. In most clinical settings, the PASI is completed

using a printed paper version such as that downloadable from the British Association of

Dermatologists (BAD) website (BAD 2019) (Figure 3.9). Though psoriasis photo guides are

available from third party organisations, there are often no images accompanying the PASI

form and therefore scoring of the domains is dependent on the level of training of individual

assessors. The total score is awkward to calculate, using a two-step formula that introduces

the possibility of user-dependent error. As a result, the PASI has been criticised due to its
subjectivity and high inter-r at er variability despite becoming
the | ack of a suit ablbgextankitee s mrdltts azceptancellys oOv al i ¢
various national licensing authorities. The application used in this study not only includes the

CBA alongside a visual representation of the domains (erythema, scaling, thickness and body

surface area), but similarly to the DLQIvers i o n , al so providestiamed nst
total score upon completion with the sub-scale breakdown. The inclusion of a universal

scoring guide utilised by every assessor contributed to a reduced inter-rater variability of the

electronic PASI compared to the paper version (Pearson correlation 0.982 vs 0.949,

respectively, no. of patients=5).

The PASI and DLQI are often used in conjunction when assessing disease severity in
psoriasis patients and are an integral part of the assessment criteria for biologic therapy
(Finlay 2005) . This application will enable more frequent assessments allowing real-time
measurement of disease and QoL severity in a clinical setting to aid decision-making. There
is no requirement for manual date and time entry as these are automatically registered and
are often accidentally omitted or incorrectly recorded when entered manually. Written
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feedback from the raters in this study demonstrated a preference for electronic clinical

severity assessment due to the visual nature of the application and simplified data handling.

The availability of a fully validated PASI/DLQI application has the potential to streamline

clinical sessions as well as triage psoriasis referrals from primary care, particularly when they

are already requested electronically (Atwan et al. 2017). The application would further

facilitate more efficient data collection in multicentre research trials and for longitudinal

assessments of psoriasis severity. There is also the potential to increase participation in
electronic/web-b ased psoriasis registries, such as the
Biologic Interventions Register (BADBIR) (Burden et al. 2012).

The iPad PASI version was completed in a median of 147 seconds versus 152 seconds for
the paper version (p=0.81). These times do not include calculation time for the paper version,
whereas the iPad® provides an instant score. The calculation timing was deliberately omitted
in order to provide a more direct comparison of time to completion between both versions. In
real-life scenarios, PASI scoring time is prolonged by individual arithmetic ability and human
error, therefore the time to completion in reality is likely to be much longer for the paper
version than identified in this study. Conversely, despite formal training, the lack of familiarity
of the PASI application and occasional non-responsiveness of the touch screen may result in
slower completion times. The raters suggested changes to the user interface which may
improve score assignment: for example, the body surface area requires users to input a
specific percentage along a visual analogue scale, whereas the paper PASI allows users to
select between groups of percentages. Implementing this change on the electronic PASI
would intuitively streamline the scoring process by providing to assessors seven categories to
choose between as per the paper version (Figure 3.9). It is important to note that for both
modalities, assessors timed themselves, introducing a potential source of bias. One concern
mentioned by a few patients from the DLQI study, and re-iterated by raters here, was the
potential of an infection risk with shared iPads between patients. Infection control may be a
prudent consideration with repeated use in a clinical setting.

As with the DLQI study, there are some shared limitations of this study. For example, a 30

minutes washout period may again be considered too short and result in a carryover, or
0trainingbo, ef fect, though there was no stati:
raters may have recall bias given the short duration between assessments; this effect was
counteracted by the cross-over study design, and the raters completed other clinical and

administrative work including seeing other patients in-b et ween scoring as a o0
demonstrated already, previous studies have reported intervals ranging from one minute to

seven years (sic) (Quadri et al. 2013), albeit for PRO measures (Sun et al. 2015). A shorter
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duration was also used for the PASI study to ensure that the clinical severity of psoriasis was
consistent between assessments and to reduce patient burden and travel costs (particularly if
they enrolled for the DLQI study simultaneously, n=10). The PASI application contains more
steps than the DLQI version, and in the absence of tactile feedback, accidental touches are
more likely, resulting in unintentional score allocation. Only three raters were enrolled in the
study to ensure uniformity i n catieraomscoresng t he 0 ¢
including one undergraduate student, one postgraduate student and a dermatologist trainee
with ~6 yearséexperience. Though this reflects various levels of experience, the influence of
this variation is difficult to quantify for the purpose of this study. In clinical practice the inter-
rater difference is likely to be wide given the varying backgrounds of assessors as well as the
pre-existing issues with PASI score reliability (Gourraud et al. 2012).

There was strong correlation between both PASI modalities with a median score difference of
606 (p=0.72) suggesting each format may fore use
the PASI is 3.2 (Mattei et al. 2014) and therefore the difference in scores is likely to be
negligible in a clinical context. The limits of agreement from the Bland-Altman plots (-1.4 to
1.4) are within the hypothesised difference of £1.5 points and add further credence to the
validity of the electronic PASI. Unlike PROs, clinical assessment measures such as the PASI
are often not subjected to full psychometric evaluation, although ideally this should be done.
In a clinical context, variation of the sub-category scores are often irrelevant in assessing
global severity, which is where the PASI is particularly useful. In certain cases, knowing the
extent of scaling, for example, may help guide treatment i though this would be evident from
clinical examination alone. Electronic versions of the PASI have been used for many years,
though without formal testing for validity. Conducting formal validity testing provides
reassurance for end users and clinicians who have perhaps been hesitant to utilise formats

that have not been adequately validated.

It is hoped that studies such as this provide wider reassurance for dermatologists and for the
wider medical community by providing confidence from the validation of clinical assessment
tools, such as the PASI, in electronic formats. There are of course several hurdles to
overcome, including training needs, resource allocation, data protection (Zbrozek et al. 2013)
and user interface design challenges. This study has shown the electronic PASI to be
equivalent to the paper version, with reduced inter-rater variability and a quicker time to final
score completion. The user experience will only improve with further formal testing and user
feedback to developers on ways to enhance its usability. It is important to note that this study
provides evidence of equivalence limited to this application in particular (Psoriasis 3600©).
Other versions of the electronic PASI may not necessarily be equivalent and may require

further testing, though as with the DLQI, repeated validation studies are not always indicated
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(Coons et al. 2009). Although, the PASI is a familiar tool to dermatologists for assessing
psoriasis severity, the graphical layout may differ quite considerably between digital formats

and thus need further evaluation.

3.6 onclusions

There have been no previous formal validation studies of electronic versions of the DLQI or
PASI. This study has demonstrated that not only is there equivalence between paper and
electronic versions for both measures, but the user experience is enhanced through digital
and graphical representation of the respective measures. There is more uniformity between

measurements by different assessors for the same patient in the case of the PASI.

The future of medical practice is intricately anchored within the evolution of digital technology;

more and more people are using smartphones in their day-to-day lives (Higgins 2016). The

current coronavirus pandemic has further accelerated the introduction and acceptance of

electronic changes in healthcare (Das et al. 2020; Marandino et al. 2020). There is also a

large movement for user-controlled monitoring of health, for example innovations such as

O6wear able technology6 are becoming increasingl
patients (Park and Jayaraman 2003). There have been advanced developments within

dermatology too: computer-guided PASI measurements have been shown to have similar

precision and higher reproducibility compared to trained physicians (Fink et al. 2019).

Although, healthcare services always face increasing demands on resources and

consequently have to grapple with the challenges of financial constraints (i.e. purchasing ten

iPads versus 1000 printouts), the potential of such technology to improve healthcare in the

near future remains considerable. The adoption of electronic applications such as the
O0Psoriasis 36006 Ap pontrirutes talthist pocessiamd is venyimsichs t udy ¢
relevant for the gr owi nAjthoagt theydegrea bf bnyartphorel i ant 6
technology use amongst the elderly population remains unclear, it is likely that even this age

group may embrace the new technology in the near future (Berenguer et al. 2017). However,

younger patients and medical practitioners are more likely to be accustomed to using

electronic devices from primary school years and therefore may prefer using this format.

Clinicians, researchers and patients are becoming more accustomed to the role of their smart
devices in day-to-day life i and the workplace is no exception. Despite its inherent
challenges, the recording and dissemination of digital healthcare information is becoming

increasingly common and promises to improve the way in which health is assessed and
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managed. Patients may access and monitor health-related information in one single device
that has the potential to develop into an integrated health system accessible by healthcare
professionals. As a result, the validated Psoriasis 360 application©, bringing together the two
most commonly used assessment tools in dermatology in the form of the DLQI and PASI, has
the potential to be of significant practical value to both clinicians and patients in the future.
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Chapter4: Development of the conceptual
framework for mapping of the DLQI scores to
utility values
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4.1 Introduction & rationale

The6 He aletlthat ed Quality of Lifed (HRQoL) instrum

an i ndividual &reilife guality therebg duidirig ¢heirdareatment. Rather than
focusing on illness severity, they capture a multi-dimensional concept including physical,

psychological and emotional factors that may ¢

Adjusted Lif e Year s6 (QALYs) may be derived from

economic analyses to aid healthcare decision makers.

The DLQI and the EQ-5D are examples of measures that may be used to gather HRQoL
information from patients. The DLQI (Finlay and Khan 1994) is a specialty-specific measure
and is the most commonly utilised HRQoL instrument for patients with skin diseases (Basra
et al. 2008a): the items (i.e. questions) are specific to the impact of skin diseases. In contrast,
the EQ-5D (Group 1990) is a generic utility measure and provides a utility value, or a single
summary index, which may be used for comparison of burden of disease. The items of the
EQ-5D are designed to be of relevance across all diseases, not just for one specialty
(Klassen et al. 2000). Oftenin trials only the DLQI is used and no formal utility assessment is
conducted. Although both measures may be used in tandem, integrating data from multiple
measures presents several challenges (Feeny 2002) and there is a debate on whether it is
appropriate to use both types of measures to inform the same decision (Dowie 2002).
Furthermore, requesting patients to fill out numerous questionnaires may be considered

burdensome.

I n response to such difficulties, sev(dartianér
and Segal 2008) involving algorithms to derive utility values from disease-specific measures,
such as the DLQI. Where EQ-5D values have been unavailable or not recorded, researchers
have attempted to predict scores using DLQI scores, though non-validated and on limited
sample sizes (Woolacott et al. 2006). A linear model derived by Currie and Conway (2007)
has been previously used to predict utility values from the DLQI (Lloyd et al. 2009; Blank et
al. 2010; Rodgers et al. 2010). However, the methodology had several limitations including a
small sample size and a psoriasis-only population. Subsequent mapping models were
derived using multiple linear regression (Norlin et al. 2012) and bivariate/multivariate analysis
(Blome et al. 2013), though the authors did not conduct formal validation to predict utility
values and only went as far as predicting EQ-5D VAS or total scores. Blome et al. (2013)

further postul ated t BwiththéRL@lyandptheevéraldes iegularly o f

t hi

60 ma |

ut i

assessed in psoriasis studies wil/l be vague ar
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Gray et al. (2006) have succeeded in mapping the Short-Form 12 to categorical EQ-5D
responses using Ordinal Logistic Regression (OLR). The aim of this study was to provide a
mapping model using OLR to reliably predict EQ-5D domain values, and thus subsequently
allow the prediction of utility values from DLQI scores. The model will be tested on a second
patient dataset as a form of external validation, comparing predicted and actual values.
Therefore, the hypothesis is that EQ-5D domain scores, and subsequently utility values, can
be reliably estimated from a given set of DLQI scores for a group of subjects. A key difference
between this approach and the previous unsatisfactory or failed attempts to map DLQI data to
EQ-5D is that previous attempts have used total DLQI scores, whereas the OLR methodology

uses data from responses to individual items.

4.2 Aims & objectives

The aim of this study was to provide a suitable mapping model to predict EQ-5D utility values
from DLQI item scores. The hypothesis is that EQ-5D ultilities can be reliably estimated from

DLQI scores for a group of subjects.
The objectives may be divided in to three primary points:

1) To examine the relationship between the DLQI and EQ-5D and suggest a
suitable approach for building the mapping model using OLR

2) To construct an improved model based on existing data

3) To use the model to predict EQ-5D utility values, testing for accuracy and validity
by comparing predicted and actual values. In turn this will be compared to the

previous model by Currie and Conway (2007)

4.3 Sudy instruments

4.3.1 Brief overview of theDLQI

The DLQI (Finlay and Khan 1994) is currently the most commonly used dermatology-specific
QoL measure in clinical trials of skin diseases (Both et al. 2007). It has been used in more
than 36 skin diseases (inflammatory, non-inflammatory and skin cancers), in more than 32

countries and is available in 152 international language versions (Basra et al. 2008a; Singh
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and Finlay 2020). The DLQI has been shown to be easy to use in clinical practice due to its

simplicity and brevity (Bronsard et al. 2010) with an average completion time of around 2

minutes (Loo et al. 2003). It consists of 10 qQquestions conce
perception of the impact of skin diseases on different aspects of their QoL over the last week

(Figure 4.1). The items of the DLQI encompass aspects such as symptoms and feelings,

daily activities, leisure, work or school, personal relationships and the side effects of

treatment. Each item is scored on a 4-point scale: not at all/not relevant, a little, a lot and

very much. Scores of individual items (0-3) are added to yield a total score (0-30); higher

scores mean greater i mpangbo end. (2005)antrodycedtthe much 6 s Q¢
needed banding of the DLQI scores to facilitate the clinical interpretation of scores. According

to this banding system a DLQI score of 0 and !
score of 2-5, 6-10, 11-20 and 21-30 indicate a small, moderate, large and extremely large

ef fect on patientdés QoL respectively. Psychomi
strong instrument with respect to its internal consistency, reproducibility, validity and

sensitivity to change (Hahn et al. 2001; Mazzotti et al. 2003; Bronsard et al. 2010). The strong
psychometric properties of the DLQI have resulted in the increasing popularity of the DLQI in

both clinical research and in clinical practice. Moreover, the content of the DLQI has been

shown to include all important and relevant concepts from the perspective of patients with

moderate to severe plaque psoriasis supporting its content validity in psoriasis patients

(Safikhaniet al. 2013).
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Figure 4.1 The Dermatology Quality of Life Index (from:

http://www.cardiff.ac.uk/dermatology/) (Finlay 2020)

DERMATOLOGY LIFE QUALITY INDEX

Hospital No: Date:
Name:
Address: Diagnosis:

The aim of this questionnaire is to measure how much your skin problem has affected your life

Score:

OVER THE LAST WEEK. Please tick 5 one box for each question.

1. Over the last week, how itchy, sore,
painful or stinging has your skin
been?

2. Over the last week, how embarrassed

or self conscious have you been because
of your skin?

3. Over the last week, how much has your
skin interfered with you going
shopping or looking after your home or

garden?

4. Over the last week, how much has your
skin influenced the clothes
you wear?

5. Over the last week, how much has your

skin affected any social or
leisure activities?

6. Over the last week, how much has your
skin made it difficult for
you to do any sport?

7. Over the last week, has your skin prevented
you from working or studying?

If "No", over the last week how much has
your skin been a problem at
work or studying?

8. Over the last week, how much has your
skin created problems with your
partner or any of your close friends

or relatives?

9. Over the last week, how much has your
skin caused any sexual
difficulties?

10. Over the last week, how much of a

problem has the treatment for your
skin been, for example by making
your home messy, or by taking up time?

Very much
A lot

A little

Not at all

Very much
A lot

A little

Not at all

Very much
A lot

A little

Not at all

Very much
A lot

A little

Not at all

Very much
A lot

A little

Not at all

Very much
A lot

A little

Not at all

Yes
No

A lot
A little
Not at all

Very much
A lot

A little

Not at all

Very much
A lot

A little

Not at all

Very much
A lot

A little

Not at all

aoaod 0Oooo 0o OOoo 00 0OuOoQ 0ooo oooo ouoo oQoo aaoaao

DLQI

Not relevant O

Not relevant O

Not relevant O

Not relevant O

Not relevant O

Not relevant O

Not relevant O

Not relevant O

Please check you have answered EVERY question. Thank you.
©py Finlay, GK Khan, April 1992 www.dermatology.org.uk, this must not be copied without the permission of the authors.
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4.3.2 Brief overview of the European Quality of Life Inde6 Dmensions

(EQ5D)

The EQ-5D consists of two pages. The first of whichisthe 6 descr i pti ved systen
second a visual analogue scale (VAS). The descriptive system is composed of five

dimensions (or domains): mobility, self-care, usual activities, pain and depression, each of

which are assessed with 3 possible answers: no problems, some problems or extreme

problems (Figure 4.2). The information from this part may be useful for the following reasons:

1) The scores may be used to attribute a health profile to an individual or a group of
subjects at single or multiple points in time. Health outcomes may therefore be
described based on the differences in these profiles.

2) Using the 5-dimensional scale in the first part of the EQ5D health states may be
defined and be converted to health utility
are derived from various population samples.

The | atter i s achieved by scoring each of the
respectively, allowing the descriptive system to be represented using these number

descriptors to define health states. Thenu mber descri ptors range fror
resulting in 243 possible numerical combinations, or health states. For example, the health

state 11223 would signify O6no pr obklaenesd,wiotsto mma

problems with performingu s u a | activitieso, Omoder ate pain
anxious or depressed©6. There are a total of 2¢
the additions of o6édunconsciousd and O6deat ho. T

economists for comparison of disease burden between diseases (Group 1990).
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Figure 4.2 The EQ-5D 3L (a) part one (b) part two

(@)

By placing a tick in one box in each group below, please indicate which statements best

describe your own health state today.

Mobility
| have no problems in walking about
| have some problems in walking about

| am confined to bed

Self-Care
| have no problems with self-care
| have some problems washing or dressing myself

| am unable to wash or dress myself

Usual Activities (e.g. work, study, housework, family or leisure activities)
| have no problems with performing my usual activities
| have some problems with performing my usual activities

| am unable to perform my usual activities

Pain / Discomfort
| have no pain or discomfort
| have moderate pain or discomfort

| have extreme pain or discomfort

Anxiety / Depression
| am not anxious or depressed
| am moderately anxious or depressed

| am extremely anxious or depressed

2

UK (Engiish) @ 1990 EuroQol Group EQ-5D™ js a trade mark of the EuroQol Group

U

U oo

U
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(b)

Best imaginable

health state
To help people say how good or bad a health state is, 100
we have drawn a scale (rather like a thermometer) on
which the best state you can imagine is marked 100 and
the worst state you can imagine is marked 0.
9¢0

We would like you to indicate on this scale how good or
bad your own health is today, in your opinion. Please do
this by drawing a line from the box below to whichever
point on the scale indicates how good or bad your health
state is today.

HeHHHHHHHHHHHHH
e * HH

o
-
(=]

Your own health 5

o

state today

S

0

Worst imaginable
health state

3

UK (English) @ 1990 EuroQol Group EQ-5D™ js a frade mark of the EuroQol Group

A key advantage of the EQ-5D is its ability to yield both a detailed health profile and a single
summary utility value.
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4.4 Brief overview of healthrelated quality of life

4.4.1 Quality of life adjusted years

Health organisations such as the National Institute for Health and Care Excellence (NICE)

lists the following as the number one principle on their charter:it o hel p heal t h, p
and soci al care professionals deliver the best
order to achieve this and consequently standardise healthcare, NICE utilises the health

technology assessment (HTA) programme to identify treatments that should be made

available across England and Wales. These evidence-based recommendations provide the

most cost and clinically effective options for clinicians, across a multitude of diseases and

conditions from relatively benign to life-threatening, across all specialties. Apart from clinical
parameters, health-related quality of life (HRQoL) is a key measure of the level of well-being

and is associated with current health state. This usually incorporates a multidimensional

concept which includes physical, emotional & psychological aspects of illness. Therefore,

these factors must also be considered before any intervention is assessed to provide holistic
therapeutic effect, though it may be argued that these are very difficult to objectively and

appropriately assess. Hence numerous HTA bodies are tasked with the challenge of

translating medical interventions, health strategies and drug costs against life expectancy and

health benefits. As a result, the use of quality-adjusted life years (QALYs) has become an

indispensable tool and integral to this process of cost-benefit analysis.

Health-related quality of life collected from patients is used to calculated quality-adjusted life
years (QALYs), which are in turn used to assess and compare the effectiveness and value of
any given medical intervention. This involves assessing how long patients are expected to
live and the impact on quality of life with a certain treatment. Life has two dimensions:
guantity and quality, therefore QALY include both of these dimensions T one QALY equates
to one year in perfect health. Thus, by combining these factorsinto a single measure, health
economists may identify howmuch a certain intervention will p
contribution towards improving quality of life. As a result QALY's are considered particularly
useful for health economists and are recommended by organisations such as NICE as a
standard measure of benefit (Ogden 2017) of new treatments against existing baselines. This
allows us to compare cost-benefit across diseases of different specialties where interventions

with a lower cost per QALY are preferred and given more economic health distribution.
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In theory, one year of perfect health (physical, mental and social well-being and not the
absence of disease alone) is equal to one QALY (Ogden 2017). If health is impaired for a
year the utility value (or quality of life) has a value between 0-1, where 0 = death. Utility
values below 0, though uncommon, are also possible i.e. subjects experience quality of life
that is worse than death through either a terminal iliness or severe distress. By multiplying

years of life with utility value (or QoL) QALYs may be calculated.

Quiality of life is often measured across numerous clinical trials, which is important from an
efficacy standpoint. However, few are able to generate the relevant information for
economists as cost-utility analysis can only be deducted from utility measures, which are able
to produce the index values needed to generate QALYs. The NICE prefers simple generic
questionnaires such as the EQ-5D as it has five dimensions of health and may be used
across different diseases. Nevertheless, due to the broad nature of generic measures,
including the EQ-5D, there is less relevance to patients with a specific illness. Conversely,
disease-specific measures are more responsive to change and user-friendly for patients
(Krahn et al. 2007). As a result, occasionally both generic and disease-specific measures are

used in tandem.

4.4.2 Utility measures and utility values

There are two main components of utility measurement, namely:
a) Establishing and defining a set of health states of interest
b) Assigning value to said health states (i.e. measuring how strongly each health state is

preferred)

These components may be applied using two methods (Szende and Schaefer 2006): (i) direct
measurement; which is commonly used for disease-specific health states (ii) indirect
measurement; which may be performed by conducting algorithms for disease-specific
preference-based or generic measures, or by mapping a disease or specialty-specific

guestionnaire (e.g. the DLQI) on to a generic measure (e.g. EQ-5D).

Several factors must be considered with direct measurement: most notably health dimensions
or attributes (of which may often be up to nine (Miller 1956) such as physical/social
functionality, symptomology and psychological well-being. It is important that these
correspond to patient outcomes as together
diseases. Though in an ideal scenario these must originate directly from patient experience,
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often clinicians or expert opinions are used in order to save time and cost. These health

states must be assigned a oO6utility wval uadfi ond
(TTO), standard gamble (SG), rating scales, ratio scaling, equivalence technique and person
trade-off.

Standard Gamble (Neumann et al. 1953) is an oft-used method whereby patients are asked
to choose between two outcomes: one worse and one better than their existing health-state.
Patients are asked to choose at what probability of a better outcome would they choose to go
for the o6riskyod6 option as oppodaedOneéadather e mai ni n
criticisms of this approach is that it is often dependent on the risk behaviour of respondents,
where patients with less of a risk-seeking behaviour would produce higher utilities compared
to those with risk-seeking tendencies (Torrance et al. 1995). The TTO method elicits how
much (often in years) of their life subjects are willing to sacrifice in order to avoid their existing
health-state. For example, if a patient suffering with atopic dermatitis were to be given the
option of living 10 years in their existing poor health-state or the maximum reduced number of
years where the said health state may be avoided, an answer of 7 years would result in a
utility score of 0.7. Though there is discussion and differences of opinion on the lifetime
duration utilised for TTO studies (Arnesen and Trommald 2005), the element of risk is less of
an issue comparedto SG. Rating scales use a visual analogue scale (VAS) wherein subjects
rate various health states across a single line with death and best possible health at either
end, the intervals reflecting the perceived differences between health states. Though this
process generates values rather than utilities and is devoid of aspects of choice under
uncertainty, it has been argued its empirical performance is superior to both SG and TTO
(Parkin and Devlin 2006).

Health economists prefer the use of choice-based methods such as SG or TTO over VAS
given their grounding in economic theory (Tolley 2009). However, the SG method may be
more time-consuming and the concept of probabilities is often challenging for subjects to
comprehend. For this reason, the TTO option is the most commonly utilised method by

economists, though-ofiéd csontepprofvedttadde di f

There are four main methods of obtaining utility values using HRQoL profile scores (Mortimer
and Segal 2008): (i) transfer to utility, where regression is performed on the summary scores
of the base measure on to the end target measure, (ii) direct revaluation, where weights are
assigned to set health states in the base measure, (iii) response mapping, where subject
responses to questions in the end measure are predicted using logistic regression, and (iv)

effect size translation, where the standard deviation (SD) for the start measure is estimated,
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all owing the calweuilgahttisonp eorf Szbtoh Qetobovy), dransferimon f
utility, is the most commonly used approach in the literature (Mortimer and Segal 2008). It is

also worth noting that mapping is considered less ideal than using a utility measure in the first
instance as the accuracy of estimates is unpredictable (Brazier et al. 2010). However,

mapping is still considered to be the most practical solution due to its ease and economical
superiority ensuring that mapping research remains extremely pertinent, particularly amongst
health economists.

4.5 Mapping methodology

4.5.1 What is mapping?

National Institute for Health and Care Excellence (NICE) def i nes mapping
development and use of a model or algorithm to predict utility values using data on other

i ndicators or mkoagvorth ansl Rawén 20l8.al Rédr essi on i s
utility values of the target measure from the scores on the base measure, which have been
obtained from a group of subjects. This technique may be particularly useful in studies where
descriptive HRQoL scores have been collected and researchers need to derive utility values.
Mapping is more likely to be successful where there is a conceptual overlap between the two
measures (Longworth and Rowen 2011). This is the case for the DLQI and EQ-5D, for which

many studies have reported a strong association (Shikiar et al. 2003; Scalone et al. 2006;
Radtke et al. 2009; Matusiak et al. 2010; Cortesi et al. 2011; Hjortsberg et al. 2011).

4.5.2 Previouswork & the ideal model

Currie and Conway (2007) derived a mapping model to convert DLQI summary scores into

EQ-5D utility values. The following equation was derived from their work:

EQ-5D utility score = 0.956 i [0.02548 x (DLQI total score)]

However, several limitations have been identified with this equation (Woolacott et al. 2006). It
was derived solely from psoriasis patients (n=96), therefore limiting its use in other skin
diseases, as the impact on HRQoL can vary across different skin diseases (Rodgers et al.
2010). A maximum predicted value of 0.956 is below the actual maximum value of 1, which

can have a significant impact on cost-utility data comparisons, given the small scale of the
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EQ-5D. Furthermore, this equation was derived using the UK population scoring tariff, and
may not be as suitable for non-UK based populations. Norlin et al. (2012) performed a simple
bivariate regression with a larger psoriasis-only population of 2450 from a Swedish registry

0 P s o Rleoggh the derived equation had a lower maximum predicted value of 0.8777 (EQ-
5D =0-8777 i 0-0196 DLQI). The modelling work also demonstrated strong correlations
between DLQI and EQ-5D domains e.g. shopping/looking after the home correlated strongly
with Ousual activitiesd, respectively. Age anc
linear regression where EQ-5D was regressed against various DLQI items as well as age and
gender. Finally, Blome et al. (2013) hypothesised that including more predictors for psoriasis
patients would improve the model fit and address the unexplained variance identified by the
two aforementioned studies. Bivariate and multivariate approaches were explored. For the
bivariate method the DLQI was the only independent variable and univariate linear regression
of EQ-5D VAS and global score was conducted on DLQI total score. The results showed the
DLQIl and EQ-5D VAS to be significantly linearly associated and the authors derived the
following equation: EQ-5D VAS (predicted) = 77.367 + DLQI global score x -1.493. However,
upon cross-validation this equation produced an average difference of 15.21 +/- 11.76 VAS
units (n=1844). In 56.72% of the patients the model over or under-predicted the VAS score by
15 units at most. The multivariate approach included the use of up to sixteen independent
variables which were assumed to be associated to HRQoL, including the DLQI. Thirteen of
these variables significantly correlated with EQ-5D VAS and global scores. PASI scores
correlated the highest withEQ-5D VAS (r =0.24) and 6active arth
EQ-5D global score (r=0.20). Only four of the thirteen predictors were included in both EQ-5D
VAS and global score models: DLQI, age, active arthritis and concomitant diseases, whereby
age was the highest correlating regression coefficient after the DLQI. Prediction of VAS
values were found to be more accurate than global scores: overall the model performed
significantly better compared to the bivariate method (p<0.001). Using the coefficients
identified by the multivariate linear regression of the EQ-5D VAS scores, the following
algorithm was defined for the prediction of utility values:

EQ-5D VAS (predicted) = 93.002 + DLQI global score x -1.418 + PASI x -0.153 + active
arthritis x -4.728 + concomitant disease x -3:563 + light/laser therapy x 2.252 + age x -0.256

+ number of hospitalisations due to psoriasis x -1.104

Cross-validation of the multivariate algorithm demonstrated an average difference of 14.4 +/-
11.5 VAS units (n=1578) and the predicted vs. actual EQ-5D VAS correlation was r=0.518. In
39.2% of the patients the equation over or under-predicted by at least 15 VAS points. Due to
the significant differences between actual and predicted utility scores using both methods, the
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aut hors concl uded t ha t5Did psaripss ipatients wilf have sulitanti n  E Q
' imitations in validity and employedbyB8lareetrale!l ev anc e
(2013) was more robust than the approaches by Currie and Conway (2007) and Norlin et al.

(2012) given the larger sample size, multivariate regression, external sample cross-validation

and multiple predictor variables. However, the selection of variables could arguably be

considered arbitrary and the final algorithm, like the previous mapping endeavours, only

examined global EQ-5D and DLQI scores. Furthermore, the suggested equation is quite

complex and often these variables are not immediately available to researchers.

As such, it was imperative an improved model was developed with a larger and wide-
reaching population base using a different mapping approach. Previous modelling work has
been limited by sample size, mapping methodology, skin conditions studied or geographic
location, indicating that the ideal algorithm for deriving utility values from HRQoL data must
overcome these challenges. Therefore, a pan-European dataset of considerable size with
EQ-5D, DLQI and socio-demographic data of patients suffering from various dermatological
conditions would be an ideal starting point for deriving an efficient model with high predictive
ability.

4 5.3 Patient database used to derive models

The patient dataset (n = 4010) was accessed from an international multicentre observational
cross-sectional study examining the association between depressive symptoms and
dermatological conditions ranging from benign and malignant skin lesions to chronic
inflammatory diseases such as psoriasis and lupus erythematous (Dalgard et al. 2015).
These patients attended the outpatient dermatology clinics at various Dermatology Outpatient
Clinics across Europe between 2011 and 2013. Each participant was examined clinically and
the main diagnosis (and if necessary a secondary one) was recorded. Patients completed
several questionnaires, amongst which were the DLQI, EQ-5D and socio-demographic
information. Though a majority of the recruitment was completed prior to the commencement
of this modelling study, further recruitment was necessary as part of the original study, and is

explained in detail in the subsequent section.
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4.5.4 Soring theDLQI

If any question for the DLQI was left unanswered, it would be scored zero as per the
guestionnaireods (Finag2020uandwowdrbe addeato theuremaining
scores of the questionnaire expressed out of 30. Question 7 of the DLQI has two parts,
though for ease of analysis these were combined in to one score.

The process for developing models underwent several refinements and adaptations, which
shall be highlighted in the proceeding sections. An overview of the sociodemographic data is

shown in Table 4.1 below.

Table 4.1 Sociodemographic data for the complete dataset

No. of patients
Country Belgium 222
Denmark 247
France 116
Germany 254
Hungary 171
Italy 517
Netherlands 209
Norway 468
Poland 247
Russia 269
Spain 274
Turkey 280
UK 268
Most common | Psoriasis 484
diagnoses Eczema 239
Acne 185
No. of Average age
patients (years, range)
All subjects 3542 46.29 (18-95)
Sex Male (n) 1558 47.76 (18-92)
Female (n) 1984 45.14 (18-95)
Average score across study
population
Average DLQI score* 6.69
EQ-5D Domain (no. of patients) No Some Extreme
problems problems problems
Mobility 2692 839 11
Self-care 3162 372 8
Usual activities 2615 874 53
Pain or discomfort 1604 1739 199
Anxiety or depressed 1954 1431 157

Footnote: *DLQI total score range is 0-30, 0 indicating no impairment and 30 indicating
maximum impairment of quality of life.
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4.5.5 Bhical considerations

Data from subjects from a previously conducted study (Dalgard et al. 2015) was utilised for
the mapping process. This was a European Multicentre study on depression, anxiety, quality
of life and attachment among adult patients with common skin disorders, which utilised both
the DLQI and EQ5D measures.

However, the European centres failed to provide Dalgard et al. (2015) with withdrawal
numbers. As a result, every centre was required to recruit 25 extra patients to allow
withdrawal and dropout rates to be extrapolated. Unfortunately, the previous sub-investigator
at Cardiff had declared the study closed, and therefore | had to apply for ethical permission
as a brand new study (Ref: 13/WA/0363, Appendix XXI), which was extremely challenging
and time-consuming. The South Wales Research Ethics Committee. had to be convinced that
this extra recruitment was necessary, which created a significant delay in commencement, as
the modelling database would not be available until the central study was completed and in
the process of publication. The recruitment was completed within a few months allowing the
modelling work to proceed.

Ethics for the purpose of the mapping project was not deemed necessary, as retrospective

data were utilised.

143



Chapter 5: Development of the final ordinal
logisticregression model for mapping of the DLQI
scores to utility values
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5.1 Introduction

Due to the complex evolution of the methodology of this project, the various steps towards
developing the final model will be described as a narrative in this chapter. Given the nature of
the modelling, adjustments often had to be made to the way data were approached and
analysed. Thus, several changes to the methodology were implemented throughout the

process to achieve optimal results.

5.2 Method one: the forward stepwise variable selection method
and predicted response categories

The patient dataset (n=4010) (Dalgard et al. 2015) was randomly split into separate

estimation (2003 patients) and validation (2007 patients) sets using the random number

generator within SPSS version 22. Cases with data missing in any of the DLQI or EQ5D

variables were removed. The estimation set was used to derive the mapping model and

conduct d6internal vad-$ achpt eéndal whatlt sont et owa s
validationd of the f i t,thechodehwad fitted.totHe odmpletevi ng v al
dataset (4010 patients minus deleted cases with missing data) to improve its overall

accuracy. The process of oO0internalé and Odexter
mapping methodology was refined to obtain the final model.

5.2.1 Forwardstepwise variable selection

A series of ordinal logistic regressions were fitted for each of the five EQ-5D dimensions
against the ten individual items of the DLQI using SPSS version 22. Forward stepwise
variable selection was employed to select the most significant DLQI predictors for each EQ-
5D dimension. Selection was based on twice the change in the log likelihood, comparing this
to the chi-squared distribution on 3 degrees of freedom (since there are 4 levels for each of
the DLQI items) and obtaining the associated p-values. Forward selection was continued until
there were no further significant predictors identified; a value of 0.05 was chosen as the

criterion for non-significance.
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52.2 Results of forward variable selection

There was no correlation between the DLQI and EQ-5D total scores (Figure 5.1) i as demonstrated in previous studies where results have
not been ideal (Currie and Conway 2007). In contrast, ordinal logistic regression is ideal as it includes the ordinal nature of DLQI data,
thereby allowing 6weighté to be applied to each DLQI item.

Figure 5.1 Scatterplot of total DLQI summary scores and EQ-5D health state values

Scatterplot of EQ-5D index values versus DLQI summary

scores
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DLQI Summary Scores

Ten series of OLR were conducted to determine the most significant DLQI predictors (Tables 5.1-5.10). This would allow the identification

of the DLQI items with the heaviest influence on the final mapping data.
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Table 5.1a -2 Log Likelihood (-2LL) Model Fitting Information from Series One of ordinal regressions (single-predictor), using EQ- 5D
dimensions as dependent variables and individual DLQI items as predictors.

EQ-5D Model fitting information:
Dimension Chi-squared value (p-value)

DLQ DLQ DLQ DLQ DLQ DLQ DLQ DLQ DLQ DLQ

11 |2 13 |4 15 | 6 |7 | 8 9 | 10

Mobility 51.9 11.3 68.8 334 61.7 41.2 61.7 294 131 57.2
85 42 94 42 77 63 52 67 99 42

0.0 (0.0 0.0 (0.0 0.0 (0.0 (0.0 0.0 0.0 0.0

00) 10) 00) 00) 00) 00) 00) 00) 04) 00)

Self-care 78.5 45.0 107. 56.1 89.5 48.0 80.8 61.0 32.8 127.
40 72 996 60 10 33 66 62 17 298

0.0 (0.0 (0.0 (0.0 0.0 (0.0 (0.0 (0.0 0.0 (0.0

00) 00) 00) 00) 00) 00) 00) 00) 00) 00)

Usual 139. 65.7 191. 94.3 168. 124. 143. 94.6 74.7 169.
Activities 014 20 228 96 300 371 155 99 51 168
0.0 (0.0 (0.0 0.0 0.0 (0.0 (0.0 0.0 (0.0 0.0

00) 00) 00) 00) 00) 00) 00) 00) 00) 00)

Pain/Discomf 363. 140. 202. 153. 184. 168. 80.7 154. 110. 174.
ort 103 328 038 986 383 390 23 615 852 400
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0

00) 00) 00) 00) 00) 00) 00) 00) 00) 00)
Anxiety/Depr 122. 211. 161. 91.8 169. 59.3 127. 151. 95.3 103.
ession 984 523 156 85 913 88 625 745 48 146
0.0 (0.0 0.0 0.0 0.0 0.0 (0.0 0.0 (0.0 0.0

00) 00) 00) 00) 00) 00) 00) 00) 00) 00)
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Table 5.1b The most significant DLQI item, x, for each EQ-5D dimension as obtained from Series One regressions (single- predictor).

EQ-5D Dimension Most Significant DLQI
Item, x (P-value <0.010
considered
significant)

Mobility 3

Self-care 10

Usual activities 3

Pain/discomfort 1

Anxiety/depression 2

Table 5.2a -2 Log Likelihood (-2LL) Model Fitting Information from Series Two regressions (two-predictor), using EQ-5D dimensions as
dependent variables and a combination of two DLQI items, x + a second item of the DLQI, as predictors. X is the most significant DLQI

predictor for that dimension from the Series One models.

EQ-5D Model fitting information:
Dimension Chi-squared value (p-value)
X + X + X + X + X + X + X + X + X + X +
DLQ DLQ DLQ DLQ DLQ DLQ DLQ DLQ DLQ DLQ
11 |2 |3 14 15 | 6 | 7 | 8 19 10
Mobility 83.1 74.7 - 724 81.3 81.7 93.6 73.1 68.7 86.5
61 24 79 80 00 83 69 78 31
0.0 (0.0 0.0 0.0 (0.0 0.0 0.0 0.0 (0.0
00) 00) 00) 00) 00) 00) 00) 00) 00)
Self-care 148. 136. 158. 136. 147. 132. 149. 137. 129. -
616 340 500 235 749 930 547 791 016
0.0 (0.0 (0.0 (0.0 0.0 (0.0 (0.0 (0.0 0.0
00) 00) 00) 00) 00) 00) 00) 00) 00)
Usual 221. 199. - 201. 216. 222. 223. 203. 210. 247.
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Activities 595 459 084 985 856 137 099 249 580
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0

00) 00) 00) 00) 00) 00) 00) 00) 00)

Pain/Discomf - 367. 394, 398. 395. 410. 365. 387. 380. 406.
ort 474 526 780 443 022 912 822 509 617

0.0 (0.0 (0.0 (0.0 (0.0 0.0 (0.0 (0.0 (0.0

00) 00) 00) 00) 00) 00) 00) 00) 00)

Anxiety/Depr 237. - 251. 220. 243. 220. 252. 247. 246. 245,
ession 752 955 889 919 255 862 234 396 193
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0

00) 00) 00) 00) 00) 00) 00) 00) 00)

Table 5.2b Two-predictor combinations of DLQI items showing the most significant combination within that group.

EQ-5D Dimension

Most Significant

combinations of DLQI

ltems (Series Two)

Chi-square difference from the most
significant item addition in current
regression series, from the most
significant item combination in previou
regression series (P-value <0.010
considered significant)

S

Mobility
Self-care

Usual activities
Pain/discomfort

Anxiety/depression

3+7

10+ 3

3+10

1+6

2+7

93.682896 - 68.894390 = 24.788506 (<
0.00001)
158.499712 - 127.298293 = 31.201419 (<
0.00001)
247579638 - 191.227997 = 56.351641 (<
0.00001)
410.021858 - 363.102725 = 46.919133 (<
0.00001)
252 862407 - 211.523043 = 41.339364 (<
0.00001)
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Table 5.3a -2 Log Likelihood (-2LL) Model Fitting Information from Series Three regressions (three-predictor), using EQ-5D dimensions as

dependent variables and a combination of three DLQI items, x + x2 and a third item of the DLQI, as predictors. x2 is the most significant DLQI

predictor for that dimension from the Series Two models.

EQ-5D Model fitting information:
Dimension Chi-squared value (p-value)
X + X + X + X + X + X + X + X + X + X +
X2 + X2 + X2 + X2 + X2 + X2 + X2 + X2 + X2 + X2 +
DLQ DLQ DLQ DLQ DLQ DLQ DLQ DLQ DLQ DLQ
1 |2 |3 | 4 |5 | 6 |7 | 8 19 | 10
Mobility 105. 101. - 97.4 105. 105. - 95.8 95.8 108.
077 380 44 343 327 60 49 668
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0
00) (0.0 00) 00) 00) 00) 00) 00)
00)
Self-care 165. 163. - 165. 163. 159. 169. 164. 160. -
665 997 010 634 979 047 817 201
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0
00) 00) 00) 00) 00) 00) 00) 00)
Usual 265. 251. - 251. 260. 268. 268. 249, 253. -
Activities 796 084 281 045 227 724 195 870
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0
00) 00) 00) 00) 00) 00) 00) 00)
Pain/Discomf - 408. 421. 430. 417. - 407. 418. 412. 431.
ort 707 758 402 967 498 104 633 432
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0
00) 00) 00) 00) 00) 00) 00) 00)
Anxiety/Depr 267. - 269. 256. 266. 251. - 270. 276. 269.
ession 406 533 629 686 424 880 911 592
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0
00) 00) 00) 00) 00) 00) 00) 00)
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Table 5.3b Three-predictor combinations of DLQI items showing the most significant combination within that group.

EQ-5D Dimension Most Significant Chi-square difference from the most
combinations of DLQI significant item addition in current
Items (Series Three) regression series, from the most

significant item combination in previous
regression series (P-value <0.010
considered significant)

Mobility 3+7+10 108.667867 - 93.682896 = 14.984971
(0.000108)

Self-care 10+3+7 169.047368 - 158.499712 = 10.547656
(0.001164)

Usual activities 3+10+7 268.723910 - 247.579638 = 21.144272 (<
0.00001)

Pain/discomfort 1+6+10 431.432198 - 410.021858 = 21.41034 (<
0.00001)

Anxiety/depression 2+7+9 276.910533 - 252.862407 = 24.048126 (<
0.00001)
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Table 5.4a -2 Log Likelihood (-2LL) Model Fitting Information from Series Four regressions (four-predictor), using EQ-5D dimensions as
dependent variables and a combination of four DLQI items, x + x2+ x3 and a fourth item of the DLQI, as predictors. x3 is the most significant

DLQI predictor for that dimension from the Series Three models.

EQ-5D Model fitting information:
Dimension Chi-squared value (p-value)
X + X + X + X + X + X + X + X + X + X +
X2+ X2+ X2+ X2+ X2+ X2+ X2+ X2+ X2+ X2+
X3 + x3 + X3 + X3 + X3 + X3 + X3 + X3 + X3 + X3 +
DLQ DLQ DLQ DLQ DLQ DLQ DLQ DLQ DLQ DLQ
1 |2 | 3 | 4 |5 | 6 |7 | 8 19 10
Mobility 116. 119. - 110. 118. 118. - 110. 109. -
940 461 476 687 636 610 371
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0
00) (0.0 00) 00) 00) 00) 00)
00)
Self-care 175. 174. - 175. 173. 171. - 175. 172. -
248 738 167 963 328 086 648
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0
00) 00) 00) 00) 00) 00) 00)
Usual 280. 268. - 272. 279. 286. - 269. 276. -
Activities 610 579 289 378 554 409 838
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0
(0.0 00) 00) 00) 00) 00) 00)
00)
Pain/Discomf - 428. 436. 441. 435. - 432. 433. 429. -
ort 673 514 965 606 662 450 074
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0
00) (0.0 00) 00) 00) 00) 00)
00)
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Anxiety/Depr 286.

- 288. 279. 284. 272. - 282. 286.
ession 093 998 892 468 260 675 879
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0 (0.0
00) 00) 00) 00) 00) 00) 00)

Table 5.4b Four-predictor combinations of DLQI items showing the most significant combination within that group.

EQ-5D Dimension

Most Significant
combinations of DLQI
Items (Series Four)

Chi-square difference from the most
significant item addition in current
regression series, from the most
significant item combination in previous
regression series (P-value <0.010
considered significant)

Mobility 3+7+10+2 119.460603 - 108.667867 = 10.792736
(0.001)

Self-care 10+3+7+1 175.248251 - 169.047368 = 6.200883
(0.013)

Usual activities 3+10+7+6 286.553692 - 268.723910 = 17.829782
(0.000024)

Pain/discomfort 1+6+10+4 441.964904 - 431.432198 = 10.532706
(0.0012)

Anxiety/depression 2+7+9+3 288.998351 - 276.910533 = 12.087818

(0.00051)
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Table 5.5a -2 Log Likelihood (-2LL) Model Fitting Information from Series Five regressions (five-predictor), using EQ-5D dimensions as

dependent variables and a combination of five DLQI items, x + x2+ x3 +x4 and a fifth item of the DLQI, as predictors. x4 is the most
significant DLQI predictor for that dimension from the Series Four models.

EQ-5D

Model fitting information:
Dimension Chi-squared value (p-value)

Mobility 133. - - 121. 136. 129. - 121. 119. -
193 651 376 259 452 606
(0.0 0.0 (0.0 0.0 0.0 (0.0

Usual 294, 287. - 201. 290. - - 286. 290. -
Activities 701 829 580 738 714 205
(0.0 0.0 (0.0 0.0 (0.0
(0.0 00) 00) 00)

00) 00)
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Anxiety/Depr 295. - - 291. 290. 284. - 294. 294.
ession 098 128 796 491 013 930
(0.0 (0.0 (0.0 (0.0 (0.0 (0.0

00) 00) 00) 00) 00) 00)

Table 5.5b Five-predictor combinations of DLQI items showing the most significant combination within that group.

EQ-5D Dimension

Most Significant
combinations of DLQI
Items (Series Five)

Chi-square difference from the most
significant item addition in current
regression series, from the most
significant item combination in previous
regression series (P-value <0.010
considered significant)

Mobility

Self-care
Usual activities

Pain/discomfort
Anxiety/depression

3+7+10+2+5

10+3+7+1+8
3+10+7+6+1

1+6+10+4+7
2+7+9+3+1

136.376031 - 119.460603 = 16.915428
(0.000039)

182.823801 - 175.248251 = 7.57555 (0.006)
294.700869 - 286.553692 = 8.147177
(0.0043)

445.941542 - 441.964904 = 3.976638 (0.046)
295.098288 - 288.998351 = 6.099937 (0.014)
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Table 5.6a -2 Log Likelihood (-2LL) Model Fitting Information from Series Six regressions (six-predictor), using EQ-5D dimensions as
dependent variables and a combination of five DLQI items, x + x2+ x3 + x4 + x5 and a sixth item of the DLQI, as predictors. x5 is the most

significant DLQI predictor for that dimension from the Series Five models.

EQ-5D Model fitting information:
Dimension Chi-squared value (p-value)

Mobilit 147. - - 137. - 141. - 136. 133. -
y

634 714 335 724 309

(0.0 0.0 (0.0 (0.0 (0.0

Usual - 301. - 300. 298. - - 295. 298. -
Activities 084 076 064 567 021
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(0.0 (0.0 (0.0 (0.0 (0.0
00) 00) 00) 00) 00)
Pain/Discomf 443. 450. - 447, - 446. 442. -
ort 749 409 130 496 771
(0.0 (0.0 (0.0 (0.0
00) (0.0 00) 00) 00)
00)
Anxiety/Depr - - 297. 296. 291. 299. - 300.
ession 850 551 037 806 211
(0.0 (0.0 (0.0 (0.0 (0.0
00) 00) 00) 00) 00)

Table 5.6b Six-predictor combinations of DLQI items showing the most significant combination within that group.

EQ-5D Dimension

Most Significant

combinations of DLQI

ltems (Series Six)

Chi-square difference from the most
significant item addition in current
regression series, from the most

significant item combination in previous

regression series (P-value <0.010

considered significant)

Mobility

Self-care
Usual activities

Pain/discomfort
Anxiety/depression

3+7+10+2+5+1

10+3+7+1+8+9
3+10+7+6+1+2

1+6+10+4+7+3
2+7+9+3+1+10

147.633784 - 136.376031 = 11.257753

(0.0008)

189.832414 - 182.823801 = 7.008613 (0.008)

301.084163 - 294.700869 = 6.383294

(0.012)

450.409205 - 445.941542 = 4.467663 (0.035)
300.211357 - 295.098288 = 5.113069 (0.024)

157



Table 5.7a -2 Log Likelihood (-2LL) Model Fitting Information from Series Seven regressions (seven-predictor), using EQ-5D dimensions as
dependent variables and a combination of six DLQI items, x + x2+ x3 + x4 + x5 + x6 and a seventh item of the DLQI, as predictors. x6 is the

most significant DLQI predictor for that dimension from the Series Six models.

EQ-5D Model fitting information:
Dimension Chi-squared value (p-value)

Mobility - - - 148. - 151. - 146. 144, -
758 080 974 170
(0.00 (0.00 (0.00 (0.00

Usual - - - 306. 307. - - 301. 304. -
Activities 553 199 621 132
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Pain/Discomfo
rt

Anxiety/Depre
ssion

(0.00 (0.00 (0.00
0) 0) 0)
- 450. - 449.

622 485
(0.00 (0.00
0) 0)

304. 301. 296. 305.

350 395 439 431

(0.00 (0.00 (0.00 (0.00
0) 0) 0) 0)

Table 5.7b Seven-predictor combinations of DLQI items showing the most significant combination within that group.

EQ-5D Dimension

Most Significant
combinations of DLQI
Items (Series Seven)

Chi-square difference from the most
significant item addition in current
regression series, from the most
significant item combination in previous
regression series (P-value <0.10
considered significant)

Mobility
Self-care

Usual activities
Pain/discomfort

Anxiety/depression

3+7+10+2+5+1+
20+3+7+l+8+9+
§+10+7+6+1+2+
i+6+10+4+7+3+
§+7+9+3+1+10+

151.079931 - 147.633784 = 3.446147 (0.063)
196.820925- 189.832414 = 6.988511 (0.0082)
307.198539 - 301.084163 = 6.114376 (0.013)
450.621994 - 450.409205 = 0.212789 (0.64)

305.431355 - 300.211357 = 5.219998 (0.022)
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Table 5.8a -2 Log Likelihood (-2LL) Model Fitting Information from Series Eight regressions (eight-predictor), using EQ-5D dimensions as
dependent variables and a combination of seven DLQI items, x + x2+ x3 + x4 + x5 + x6 + X7 and an eighth item of the DLQI, as predictors.

X7 is the most significant DLQI predictor for that dimension (where applicable) from the Series Seven models.

EQ-5D Model fitting information:
Dimension Chi-squared value (p-value)

Mobility - - - 152.0 - - - 150.3 147.3 -
72 60 41
(0.00 (0.00
(0.00 0) 0)
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Usual
Activities

Anxiety/Depre
ssion

0)
313.9
88
(0.00
0)
300.1
75
(0.00
0)

0)

3055
09
(0.00
0)

0)
- - 310.3
28
(0.00
0)
301.4 - -
14
(0.00
0)

Table 5.8b Seven-predictor combinations of DLQI items showing the most significant combination within that group.

EQ-5D Dimension

Most Significant
combinations of DLQI
Items (Series Eight)

Chi-square difference from the most
significant item addition in current
regression series, from the most
significant item combination in previous
regression series (P-value <0.010
considered significant)

Mobility
Self-care
Usual activities

Anxiety/depression

3+7+10+2+5+1+
6+4
10+3+7+1+8+9+
2+5
3+10+7+6+1+2+
5+4
2+7+9+3+1+10+
8+4

152.071540 - 151.079931 = 0.991609 (0.319)

201.322209 - 196.820925 = 4.501284 (0.034)

313.988167 - 307.198539 = 6.789628
(0.0092)
309.174576 - 305.431355 = 3.743221 (0.053)
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Table 5.9a -2 Log Likelihood (-2LL) Model Fitting Information from Series Nine regressions (nine-predictor), using EQ-5D dimensions as
dependent variables and a combination of eight DLQI items, x + x2+ x3 + x4 + x5 + X6 + X7 + x8 and a ninth item of the DLQI, as predictors.

x8 is the most significant DLQI predictor for that dimension (where applicable) from the Series Eight models.

EQ-5D Model fitting information:
Dimension Chi-squared value (p-value)

Self-care - - - 206.5 - 204.0 - - - -
59 50
(0.00 (0.00
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(0.00 (0.00
0) 0)
Anxiety/Depre - - - 309.6 304.8 - - -
ssion 57 98
(0.00 (0.00
0) 0)

Table 5.9b Nine-predictor combinations of DLQI items showing the most significant combination within that group.

EQ-5D Dimension Most Significant
combinations of DLQI
Items (Series Nine)

Chi-square difference from the most
significant item addition in current
regression series, from the most
significant item combination in previous
regression series (P-value <0.010
considered significant)

Self-care 10+3+7+1+8+9+
2+5+4

Usual activities 3+410+7+6+1+2+
5+4+8

Anxiety/depression 2+7+9+3+1+10+
8+4+5

206.559277 - 201.322209 = 5.237068 (0.022)
316.215997 - 313.988167 = 2.22783 (0.136)

309.657434 - 309.174576 = 0.482858 (0.487)
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Table 5.10a -2 Log Likelihood (-2LL) Model Fitting Information from Series Ten regressions (ten-predictor), using EQ-5D dimensions as
dependent variables and a combination of nine DLQI items, X + x2+ x3 + x4 + x5 + X6 + X7 + x8 + x9 and a tenth item of the DLQI, as

predictors. x9 is the most significant DLQI predictor for that dimension (where applicable) from the Series Nine models.

EQ-5D Dimension Model fitting information:
Chi-squared value (p-value)

Self-care - - - - - 20 - - - -
9.3
15

(0.
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00
0)

Table 5.10b Ten-predictor combinations of DLQI items showing the most significant combination within that group.

EQ-5D Dimension

Most Significant
combinations of DLQI
Items (Series Ten)

Chi-square difference from the most
significant item addition in current
regression series, from the most
significant item combination in previous
regression series (P-value <0.010
considered significant)

Self-care

10+3+7+1+8+9+2+
5+4+6

209.315475 - 206.559277 = 2.756198
(0.0969)
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5.2.3 Gonceptual correlations

There are strong conceptual correlations between the DLQI and EQ-5D and several key

themes were significantly associated (i.e. p<0.05). The key concepts that apply to each DLQI

itemaret hus: 6Sympt oms armddf 91, i rodPxad | (yl taermsg vi t i e:
6Leisured (5 and 6), 60Wor k and school d (ltem
O0Tr eat me n t(Bnlay dnd kham 1994).)

For the ¢ MDbdomndini DLYIdemE&E3I7 and 10 were most strongly correlated,

which cover the concepts of O6daily activities:¢
domain was strongly correlated with almost all key concepts of the DLQI including items 1, 3,

6, 8, 9 and 10. It correlated most with Item 1 of the DLQI, in particular, which asks about pain

and soreness of the pati-eatéd& ddkmai c onar nt e loat. e

with item 10 (treatment), as wellasitems1, 3 and 7. O6Usual activiti
item 3 (daily activities) as expected, as well
domain was most strongly correlated to item 2,

whether patient s f eceoln socsieduUds 6 due to their skin condi
10. Overall, all ten DLQI items correlated strongly with the EQ-5D domains, re-emphasising
the strong conceptual correlation between the two questionnaires.

Now that the most significant predictor combinations of the DLQI items (Table 5.11) were
identified, they may be used in the ordinal models to predict EQ5D domain scores.

Table 5.11 All the significant predictor combinations of the DLQI items against each EQ-5D
modality as derived from Tables 5.1-5.10.

EQ-5D Dimension Most Significant combination of DLQI
Items until no further significant items
identified on regression models

Mobility 3+7+10+2+5+1+6

Self-care 10+3+7+1+8+9+2+5+4+6
Usual activities 3+10+7+6+1+2+5+4
Pain/discomfort 1+6+10+4+7+3

Anxiety/depression 2+7+9+3+1+10+8+4
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5.2.4 Interpreting the ordinal model equations

Ordinal models may be utilised to produce a set of probabilities for each of the five possible
outcome categories of the EQ-5D, as given by the following equations (Figure 5.2):

Figure 5.2 The ordinal logistic regression formulae to predict domain outcomes

In the above equation, 6 Y® r epr esents t he eudt cdome ionf (ainyo bgi
Aselafr ed, MAusual activitieso, Apain/ di scomfort
categories Y =1, 2 and 3 represent the three possible responses for a given EQ-5D domain

i .e. obhempno, fAsome probl emsd or i ewxvariablesreee pr o b |
indicator variables derived from the scores on the selected DLQI items whilethe cb s ar e t he
regression coefficients. Thecd s are essenti al ly owatorpheachd at t e
the DLQI item scores and they are then used to calculate the estimated probabilities of each

EQ-5D response. The model is based on the assumption that for each EQ-5D dimension
thereisanunder-l yi ng continuous Olpaltee mnteda swari ingb l6eno bfi d
value of the linear combinaton 0w ®® E & & provides a predicted score, Z, on this
continuum. If we are to assume that these scores Z follow a logistic distribution then the OLR

model follows from assuming that if & &, the subjects would record an outcome & p, if

W ® ,theywouldrecord anoutcomeof® ¢andif®w @ they would record an

outcome® G.

The SPSS v22 was used to automatically produce the three probabilities for any given EQ-5D

domain and the relevant DLQI items. The model was initially tested on the derivation dataset

as part of oOinternal validationd as described
validation dataset.
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5.2.5 Internal validation of the forward varialle selection method: predicted
response frequency

Following the series of OLR and stepwise selection, all the significant predictor DLQI items
were fitted back in to the derivation set (internal validation) in SPSS v22. The model
calculatedadé pr edi ct ed r e s p-sDdsnmid response. Ireother Wwords, Qor every
domain, the response category (Y = 1, 2 or 3) with the highest probability was taken to be the
predicted answer. The model calculated predicted probabilities from the actual DLQI item
scores of individual patients. The total frequency of each predicted EQ-5D domain response

was then summated and compared with the actual DLQI responses within the population.

For predicting response f r equen cwth missing valudse
were included (Tables 5.12 i 5.16) and then cases with missing EQ-5D and DLQI values
were excluded (Tables 5.17 i 5.21), thereby providing more reliable results.

5.2.6 Internal validation before deleting cases with missing data frah QI
and EQ5Dvariables

Table5.12Fi tting the model for &6Mobilityd in t

frequencies versus actual category frequencies

Mobility Actual Response Predicted Response Frequency
Response Frequency (% of total) (% of total)

ONoOoO 1456 (72.5 %) 1755 (87.4 %)

0Somebd 474 (23.6 %) 112 (5.6%)

OExtr eme 6 8(0.4%) 0 (0%)

Missing Data 69 (3.4%) 140 (7%)

Table5.13Fi tting the-crmodkédl ifmont 06 Fehlef deri vati on

frequencies versus actual category frequencies

Self-care Actual Response Predicted Response Frequency
Response Frequency (% of total) (% of total)

ONo O 1740 (86.7 %) 1805 (89.9 %)

60Someob 190 (9.5 %) 37 (1.8%)

OExtr eme 69(0.4%) 0 (0%)

Missing Data 68 (3.4%) 8.2 (7%)
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Table514Fi tting the model for 6Usual Activitieso
category frequencies versus actual category frequencies

Usual Activities  Actual Response Predicted Response Frequency
Response Frequency (% of total) (% of total)

O0No O 1422 (70.9 %) 1622 (89.9 %)

0Someob 493 (24.6 %) 239 (11.9%)

OEXxtr eme d25(1.2%) 0 (0%)

Missing Data 67 (3.3%) 146 (7.3%)

Table5.15Fi tting the model for O6Pain/discomforto |
category frequencies versus actual category frequencies

Pain/Discomfort Actual Response Predicted Response Frequency
Response Frequency (% of total) (% of total)

MNoob 858 (42.8 %) 917 (45.7 %)

60Someb 969 (48.3 %) 957 (47.7%)

OExtr emed 110 (5.5%) 0 (0%)

Missing Data 70 (3.5%) 133 (6.6%)

Table5.16 Fi tting the model for O6Anxiety/ Depressi ol

category frequencies versus actual category frequencies

Anxiety Actual Response Predicted Response Frequency
Depression Frequency (% of total) (% of total)

Response

ONoOO 1060 (52.8 %) 1276 (63.6 %)

60Someob 793(39.5 %) 583 (29 %)

OExtr emed 79 (3.9%) 0 (0%)

Missing Data 75 (3.7%) 148 (7.4%)

5.2.7 Internal validation after deleting cases with missing data frdi.Qland
EQ5Dvariables

Table5.17Fi tting the model for O6Mobilityd into thi
frequencies versus actual category frequencies

Mobility Actual Response Predicted Response Frequency
Response Frequency (% of total) (% of total)

ONoOO 1374 (75.8 %) 1705 (94 %)

60Someb 433 (23.9 %) 108 (6%)

OExtr eme 66(0.3%) 0 (0%)
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Table5.18Fi tti ng the-crmockeédl iMoo GdPel fderi vati on dat

frequencies versus actual category frequencies

Self-care Actual Response Predicted Response Frequency
Response Frequency (% of total) (% of total)

ONOoO 1627 (89.7 %) 1778 (98 %)

60Someb 180 (9.9 %) 36 (2%)

OEXxtr eme 6 7(0.4%) 0 (0%)

Table5.19Fi tting the model for O6Usual Activitiesbo
category frequencies versus actual category frequencies

Usual Activities  Actual Response Predicted Response Frequency
Response Freqguency (% of total) (% of total)

ONOoO 1343 (74.0 %) 1579 (86.9 %)

6Somebd 450 (24.8 %) 237 (13.1%)

OEXxtr eme 6 23(1.3%) 0 (0%)

Table5.20Fi tting the model for O6Pain/ Discomforto i
category frequencies versus actual category frequencies

Pain/Discomfort Actual Response Predicted Response Frequency
Response Frequency (% of total) (% of total)

ONOO 817 (45.0 %) 925 (51 %)

60Someob 899 (49.6 %) 889 (49%)

OEXxtr emed 98(5.4%) 0 (0%)

Table521Fi tting the model for OAnxiety/ Depressiol

category frequencies versus actual category frequencies

Anxiety Actual Response Predicted Response Frequency
Depression Frequency (% of total) (% of total)

Response

ONoOO 997 (55.1 %) 1246 (68.9 %)

6Someb 735(40.6 %) 561 (31 %)

OEXxtr emed 77 (4.3%) 2 (0.1%)

The internal validation method exploringthe 6 pr edi ct ed response freque
promising results (Tables 5.17-5.21)i par t i cul ar |y f or -BDresporseso 6 an.
but showed very poor predictive power for all
6anxi et y/ de pr Eabls5.2th)thé actdab arabierrof siibjects who answered
6extremed was 77, compared t o t-predictipgrthedi cted 2.
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frequency of O6extr e me-8Ddomang dhissaild be due to thsery a | | E (
low number of patients selecting that option in the actual patient dataset and the fact that this

met hod of incorporating épredicted response fr
outcome. Therefore, whilst the model provides
category, the numerical value was of no significance in the model when calculating the final

predictions, as inevitably Y =1 or 2 always had the higher probabilities.

To overcome this problem, a different anal ysi ¢
probabilitieso. This method consider s-5Dhe indi
domain response, with the total column sum of these probabilities providing the predicted

number of patients within that category. Therefore, the predicted probabilities for each

possible EQ-5D domain response were summed over all subjects allowing us to predict,

within a cohort of patients, how many in total
or fAextreme pr obl e ms &Ddomains. €hese resukksfwerethee f i ve EQ
compared at a group |l evel with the actual numt
set, followed by the o6external 6 v alittedbathed on s et

entire patient dataset to produce a model with increased accuracy.

5.3 Method two: the forward stepwise variable selection method
and total sum of probabilities

As the Opredicted response coptimal gesultsyirdopanicelarh o d ol
f or respondents who an s weadativeeatbgodes)xite negtistepbnvdivedr t h e
total sum of probabilities providing predicted frequency of responses for subjects in the

derivation set. Ther e s u | t sntemdl validation§proéess are shown in tables 5.22-5.26;
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5.3.1 Internal validation of the forward variable selection method: total sum
of probabilities

Table522Fi tting the model for OMobilitydé into thi
frequencies versus actual category frequencies

Mobility Actual Response Predicted Response Frequency
Response Frequency (% of total) (% of total)

O0No O 1374 (75.8 %) 1373.52 (75.8 %)

60Somebd 433 (23.9 %) 433.58 (23.9 %)
Extremed 6(0.3%) 5.91 (0.3 %)

Table523Fi tting the-cmodkédl iMoo ddel fderi vati on dat
frequencies versus actual category frequencies

Self-care Actual Response Predicted Response Frequency
Response Frequency (% of total) (% of total)

O0No O 1627 (89.7 %) 1627.95 (89.7 %)

60Somebd 180 (9.9 %) 179.06 (9.9 %)

Extremed 7(0.4%) 6.99 (0.39 %)

Table5.24Fi tting the model for o6Usual Activitieso
category frequencies versus actual category frequencies

Usual Activities  Actual Response Predicted Response Frequency
Response Frequency (% of total) (% of total)

O0No O 1343 (74.0 %) 1345.95 (74.1 %)

60Somebd 450 (24.8 %) 447.63 (24.7 %)
Extremed 23(1.3%) 22.42 (1.2 %)

Table5.25Fi tting the model for O6Pain/ Discomforto i
category frequencies versus actual category frequencies

Pain/Discomfort Actual Response Predicted Response Frequency
Response Freqguency (% of total) (% of total)

O0No b 817 (45.0 %) 815.96 (45.0 %)

60Someob 899 (49.6 %) 899.35 (49.6 %)
Extremed 98 (5.4%) 98.69 (5.4 %)

172



Table526 Fi tti ng the model for OAnxiety/ Depressiol
category frequencies versus actual category frequencies

Anxiety Actual Response Predicted Response Frequency
Depression Frequency (% of total) (% of total)

Response

O6No b 997 (55.1 %) 996.53 (55.1 %)
0Somebd 735(40.6 %) 735.31 (40.6 %)
Extremed 77(4.3%) 77.15 (4.3 %)

As may be noted from Tables 5.22-5.26, the predicted response frequency from the internal
validation process was very close to the actual response frequency, with almost identical
results. As the model was being fitted back into the same set it was derived from, this was to
be expected. However, the next step would involve fitting the model into the @xternald
(validation) set to assess how well mapping with OLR predicts EQ-5D domain responses.

5.3.2 Bxternal validation of the forward variable selection method: total sum
of probabilities

5.3.2.1Building the models

I n order to build the model for extfcanhlQl v al i c
items were utilised as identified in Table 5.11. These estimates are displayed below in tables
5.27-5.31. Each formula was based on the OLR formulae as shown in Figure 5.2.

53.2.1.1  Mobility

Table5.27Est i mat es f or -5Dkdoeaiusimglhe masttsigndicarE QLQI
predictor items. The relevant DLQI question is represented in numerical order by DLQI 1,
DLQI 2 etc up to DLQI 10

Estimate Std. Error 95% Confidence Interval
Lower Bound Upper Bound
Threshold [EQ5D Mobility a1 = -514 .302 -1.106 .079
1]
[EQ5D Mobility a2 = 4.256 .497 3.281 5.231
2]
DLQI ltem [dlgi3=0] .089 .325 -.549 727
[dlgi3=1] .609 .318 -.015 1.232
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[dIgi3=2] .543 .300 -.046 1.132
[dlqi3=3] 02
[dIgi7=0] -.632 .204 -1.031 -.233
[dIgi7=1] -1.019 222 -1.454 -.584
[dIgi7=2] -.942 .317 -1.564 -.320
[dlqi7=3] 02
[dIgi10=0] -.507 .280 -1.055 .042
[dIgi10=1] -.194 .292 -.766 .378
[dIgi10=2] .191 .299 -.395 777
[dlgi10=3] 02 .
[dIgi2=0] .841 .259 .335 1.348
[dIgi2=1] .765 .244 .287 1.244
[dIgi2=2] .204 .244 -.275 .683
[dIgi2=3] 02
[dIgi5=0] -.930 .318 -1.553 -.307
[dIgi5=1] -.674 .300 -1.262 -.085
[dIgi5=2] -.709 .299 -1.294 -.124
[dlqi5=3] 02
[dIgi1=0] -.543 .231 -.996 -.090
[dIgi1=1] -.652 211 -1.067 -.238
[dIgi1=2] -.311 .204 -.710 .088
[dlgi1=3] 02
[dIgi6=0] -.311 .258 -.817 .196
[dIgi6=1] -.486 .286 -1.046 .074
[dIgi6=2] -.436 .304 -1.033 .161
[dlqi6=3] 02
Figure 5.3 The ordinal logistic regression formulae to predict EQ-5D O mobi | i ty 6
outcomes
00 0N ‘O b— P
p Q
50t bW 6 — P 0 & p
D0éQa®O OO ¢ 0O p

The following formulae were inputted into Excelto produce three probabilities per patient

using the estimates from Table 5.27 in the equation shown in Figure 5.3:

P (Mobility = 1)
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=1/(1+EXP(0.514+((IF(AB2=0,0.089,0))+(IF(AB2=1,0.609,0))+(IF(AB2=2,0.543,0))+(IF(AB2=
3,0,0))+(IF(AH2=0,-0.632,0))+(IF(AH2=1,-1.019,0))+ (IF(AH2=2, -
0.942,0))+(IF(AH2=3,0,0))+(IF(AK2=0,-0.507,0))+(IF(AK2=1,-
0.194,0))+(IF(AK2=2,0.191,0))+(IF(AK2=3,0,0))+(IF(AA2=0,0.841,0))+(IF(AA2=1,0.765,0))+(l
F(AA2=2,0.204,0))+(IF(AA2=3,0,0))+(IF(AD2=0,-0.93,0))+(IF(AD2=1,-0.674,0))+(IF(AD2=2,-
0.709,0))+(IF(AD2=3,0,0))+(IF(72=0,-0.543,0))+(IF(72=1,-0.652,0))+(IF(72=2,-
0.311,0))+(IF(72=3,0,0))+(IF(AE2=0,-0.311,0))+(IF(AE2=1,-0.486,0))+ (IF(AE2=2,-
0.436,0))+(IF(AE2=3,0,0)))))

P (Mobility = 2)

=(1/(1+EXP(-4.256+(IF(AB2=0, 0.089,0)) + (IF(AB2=1, 0.609,0)) + (IF(AB2=2, 0.543,0)) +
(IF(AB2=3, 0,0))+(IF(AH2=0, -0.632,0)) + (IF(AH2=1, -1.019,0)) + (IF(AH2=2, -0.942,0)) +
(IF(AH2=3, 0,0))+(IF(AK2=0, -0.507,0)) + (IF(AK2=1, -0.194,0)) + (IF(AK2=2, 0.191,0)) +
(IF(AK2=3, 0,0))+(IF(AA2=0, 0.841,0)) + (IF(AA2=1, 0.765,0)) + (IF(AA2=2, 0.204,0)) +
(IF(AA2=3, 0,0))+(IF(AD2=0, -0.93,0)) + (IF(AD2=1, -0.674,0)) + (IF(AD2=2, -0.709,0)) +
(IF(AD2=3, 0,0))+(IF(72=0, -0.543,0)) + (IF(72=1, -0.652,0)) + (IF(72=2, -0.311,0)) +
(IF(72=3, 0,0)) + (IF(AE2=0, -0.311,0)) + (IF(AE2=1, -0.486,0)) + (IF(AE2=2, -0.436,0)) +
(IF(AE2=3,0,0))))) - BC2

P (Mobility =3) = 1 - P (Mobility =2) - P (Mobility = 1)

5.3.2.1.2 Selfcare

Table5.28Est i mat es -t ar e &Hbhd@answeny the most significant DLQI
predictor items. The relevant DLQI question is represented in numerical order by DLQI 1,
DLQI 2 etc up to DLQI 10

Estimate Std. 95% Confidence Interval

Error Lower Bound Upper Bound

Threshold [EQSD Self-care .393 .397 -.384 1.171
ar =1]

[EQ5D Self-care 4.022 .538 2.969 5.076
az =2]

DLQI item [dIgil0=0] -1.437 .330 -2.083 - 791

[dlqi10=1] -1.285 .351 -1.972 -.598

[dlqi10=2] -.295 .323 -.929 .339
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[dlgi10=3] 02
dlqi3=0] -.630 .403 -1.420 .160
[dlg

[dlgi3=1] -.083 .380 -.829 .662
[dlgi3=2] .083 .343 -.590 .755
[dlgi3=3] 02

dlqi7=0] -.469 .262 -.984 .045
[dlg

dlqi7=1] -.692 .284 -1.249 -.135
[dlg

[dlgi7=2] -.410 371 -1.137 .316
[dlqi7=3] 02

dlgi1=0] -.639 331 -1.289 .010
[dlg

dlgi1=1] - 777 .278 -1.322 -.232
[dlg

dlgi1=2] -.310 .250 -.800 .180
[dlg

[dlgi1=3] 02

[dlqi8=0] .784 .481 -.159 1.727
dlgig=1 .984 461 .080 1.887
[dig

dlqi8=2] .998 424 167 1.829
[dlg

[dlgi8=3] 02

[dlqi9=0] -.546 .344 -1.221 .128
[dlgi9=1] -.607 .382 -1.355 141
[dlgi9=2] -1.448 467 -2.363 -.534
[dlgi9=3] 02

[dlgi2=0] .215 .349 -.469 .900
[dlgi2=1] .325 .305 -.273 .923
[dlgi2=2] -.062 .298 -.647 522
[dlgi2=3] 02

[dlgi5=0] -.839 431 -1.685 .007
[dlgi5=1] -.319 .388 -1.079 441
[dlgi5=2] -.390 .369 -1.113 .333
[dlqi5=3] 02

[dlqi4=0] 534 .340 -.133 1.201
[dlgi4=1] 494 .335 -.163 1.151
[dlgi4=2] .760 .323 .128 1.392
[dlgi4=3] 02

[dlqi6=0] .148 .337 -.513 .809
[dlgi6=1] .054 .376 -.682 791
[dlqi6=2] 467 .383 -.283 1.218
[dlgi6=3] 02
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Figure 5.4 The ordinal logistic regression formulae to predict EQ-5 D o6csa&rl ¢ 6 domai n
outcomes

U YQUu Qu@li Qp O
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The following formulae were inputted into Excel to produce three probabilities per patient

using the estimates from Table 5.28 in the equation shown in Figure 5.4:

P (Self-care = 1)

=1/(1+EXP(-0.393+((IF(AK2=0,-1.437,0))+(IF(AK2=1,-1.285,0))+(IF(AK2=2,-
0.295,0))+(IF(AK2=3,0,0))+(IF(AB2=0,-0.630,0))+(IF(AB2=1,-
0.083,0))+(IF(AB2=2,0.083,0))+(IF(AB2=3,0,0))+(IF(AH2=0,-0.469,0))+(IF(AH2=1,-
0.692,0))+(IF(AH2=2,-0.410,0))+(IF(AH2=3,0,0))+(IF(22=0,-0.639,0))+(IF(Z2=1,-
0.777,0))+(IF(22=2,-
0.310,0))+(IF(22=3,0,0))+(IF(A12=0,0.784,0))+(IF(AI2=1,0.984,0))+(IF(AI2=2,0.998,0))+(IF(Al
2=3,0,0))+(IF(A12=0,-0.546,0))+(IF(AJ2=1,-0.607,0))+(IF(A)2=2,-
1.448,0))+(IF(~12=3,0,0))+(IF(AA2=0,0.215,0))+(IF(AA2=1,0.325,0))+(IF(AA2=2, -
0.062,0))+(IF(AA2=3,0,0)) +(IF(AD2=0,-0.839,0))+(IF(AD2=1,-0.319,0))+(IF(AD2=2,-
0.390,0))+(IF(AD2=3,0,0))
+(IF(AC2=0,0.534,0))+(IF(AC2=1,0.494,0))+(IF(AC2=2,0.760,0))+(IF(AC2=3,0,0))
+(IF(AE2=0,0.148,0))+(IF(AE2=1,0.054,0))+(IF(AE2=2,0.467,0))+(IF(AE2=3,0,0)))))

P (Self-care = 2)

=1/(1+EXP(-4.022+((IF(AK2=0,-1.437,0))+(IF(AK2=1,-1.285,0))+(IF(AK2=2, -
0.295,0))+(IF(AK2=3,0,0))+(IF(AB2=0,-0.630,0))+(IF(AB2=1,-
0.083,0))+(IF(AB2=2,0.083,0))+(IF(AB2=3,0,0))+(IF(AH2=0,-0.469,0))+(IF(AH2=1,-
0.692,0))+(IF(AH2=2,-0.410,0))+(IF(AH2=3,0,0))+(IF(22=0,-0.639,0))+ (IF(Z2=1,-
0.777,0))+(IF(22=2,-
0.310,0))+(IF(22=3,0,0))+(IF(A12=0,0.784,0))+(IF(A12=1,0.984,0))+(IF(AI2=2,0.998,0))+(IF(Al
2=3,0,0))+(IF(A.)2=0,-0.546,0))+(IF(AJ2=1,-0.607,0))+(IF(AJ 2=2,-
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1.448,0))+(IF(~J2=3,0,0))+(IF(AA2=0,0.215,0))+(IF(AA2=1,0.325,0)) + (IF(AA2=2,-
0.062,0))+(IF(AA2=3,0,0)) +(IF(AD2=0,-0.839,0))+(IF(AD2=1,-0.319,0))+(IF(AD2=2, -
0.390,0))+(IF(AD2=3,0,0))
+(IF(AC2=0,0.534,0))+(IF(AC2=1,0.494,0))+(IF(AC2=2,0.760,0))+(IF(AC2=3,0,0))
+(IF(AE2=0,0.148,0))+(IF(AE2=1,0.054,0))+(IF(AE2=2,0.467,0))+(IF(AE2=3,0,0)))))
-BC2

P (Self-care =3) = 1 - P (Self-care = 2) - P (Self-care = 1)

5.3.2.1.3 Usual activities
Table5.29Est i mat es f or t h e-5Ddbhsin asing the eost significant ® Q@

predictor items. The relevant DLQI question is represented in numerical order by DLQI 1,
DLQI 2 etc up to DLQI 10

Estimate Std. Error 95% Confidence Interval
Lower Bound Upper Bound

Threshold [EQ5D Usual -1.064 .308 -1.668 -.460
Activities a1 = 1]

[EQ5D Usual 2.696 .353 2.004 3.389
Activities a2 = 2]

DLQI ltem [dlgi3=0] -.394 311 -1.004 .216
[dlgi3=1] .085 .303 -.509 .679
[dlqi3=2] 467 .289 -.099 1.033
[dIgi3=3] 02 . . .
[dlgil0=0] - 727 277 -1.270 -.185
[dlgil0=1] -.513 .288 -1.078 .053
[dlgi10=2] .295 .294 -.281 .871
[dlgil0=3] 02 . . .
[dlgi7=0] -.533 .202 -.929 -.138
[dIgi7=1] -. 754 217 -1.179 -.330
[dIgi7=2] -.403 .295 -.981 174
[dlgi7=3] 02 . . .
[dlqi6=0] - 774 .257 -1.279 -.270
[dlgi6=1] -.783 .282 -1.336 -.230
[dlgi6=2] -.601 .298 -1.185 -.018
[dIgi6=3] 02 . . .
[dlgil=0] -.804 .233 -1.262 -.347
[dlgil=1] -.621 .207 -1.026 -.216
[dlgi1=2] -.276 199 -.667 114
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[dlgi1=3] 02 . . .
[dlgi2=0] .623 .256 121 1.125
[dlgi2=1] 621 .238 155 1.086
[dlgi2=2] 131 .235 -.329 591
[dlgi2=3] 02 . . .
[dlqi5=0] -.837 .320 -1.465 -.209
[dlgi5=1] -.447 .299 -1.032 .139
[dlgi5=2] -.337 .292 -.910 .235
[dIqi5=3] 02 . . .
[dlgi4=0] 475 .251 -.016 .966
[dlgi4=1] 312 .251 -.181 .804
[dlgi4=2] 571 .252 .077 1.066
[dlgi4=3] 03
Figure 5.5 The ordinal logistic regression formulae to predict EQ-5D &6 Us u a | activit
outcomes
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The following formulae were inputted into Excelto produce three probabilities per patient
using the estimates from Table 5.29 in the equation shown in Figure 5.5:

P (Usual Activities = 1)

=1/(1+EXP(1.064+((IF(AB2=0,-
0.394,0))+(IF(AB2=1,0.085,0))+(IF(AB2=2,0.467,0))+(IF(AB2=3,0,0))+(IF(AK2=0,-
0.727,0))+(IF(AK2=1,-0.513,0))+(IF(AK2=2,0.295,0))+(IF(AK2=3,0,0))+(IF(AH2=0, -
0.533,0))+(IF(AH2=1,-0.754,0))+(IF(AH2=2,-0.403,0))+(IF(AH2=3,0,0))+(IF(AE2=0,-
0.774,0))+(IF(AE2=1,-0.783,0))+(IF(AE2=2,-0.601,0))+(IF(AE2=3,0,0))+(IF(Z2=0, -
0.804,0))+(IF(22=1,-0.621,0))+(IF(Z2=2,-
0.276,0))+(IF(22=3,0,0))+(IF(AA2=0,0.623,0))+(IF(AA2=1,0.621,0))+(IF(AA2=2,0.131,0))+(IF(
=3,0,0))+(IF(AD2=0,-0.837,0))+(IF(AD2=1,-0.447,0))+(IF(AD2=2,-
0.337,0))+(IF(AD2=3,0,0))+(IF(AC2=0,0.475,0))+(IF(AC2=1,0.312,0))+(IF(AC2=2,0.571,0))+(I
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F(AC2=3,0,0)))))

P (Usual Activities = 2)

=1/(1+EXP(-2.696+((IF(AB2=0,-
0.394,0))+(IF(AB2=1,0.085,0))+(IF(AB2=2,0.467,0))+(IF(AB2=3,0,0))+(IF(AK2=0,-
0.727,0))+(IF(AK2=1,-0.513,0))+ (IF(AK2=2,0.295,0))+(IF(AK2=3,0,0))+ (IF(AH2=0,-
0.533,0))+(IF(AH2=1,-0.754,0))+(IF(AH2=2,-0.403,0))+(IF(AH2=3,0,0))+(IF(AE2=0,-
0.774,0))+(IF(AE2=1,-0.783,0))+(IF(AE2=2,-0.601,0))+(IF(AE2=3,0,0))+(IF(Z2=0, -
0.804,0))+(IF(22=1,-0.621,0))+(IF(Z2=2,-
0.276,0))+(IF(22=3,0,0))+(IF(AA2=0,0.623,0))+(IF(AA2=1,0.621,0))+(IF(AA2=2,0.131,0))+(IF(
=3,0,0))+(IF(AD2=0,-0.837,0))+(IF(AD2=1,-0.447,0))+(IF(AD2=2,-
0.337,0))+(IF(AD2=3,0,0))+(IF(AC2=0,0.475,0))+(IF(AC2=1,0.312,0))+(IF(AC2=2,0.571,0))+(I
F(AC2=3,0,0))))) - BC2

P (Usual activities = 3) = 1 - P (Usual activities = 2) - P (Usual activities = 1)

5.3.2.14 Pain / discomfort

Table5.30Est i mat es f or t h e-5DdBraainnsing thesmosi sighifcant DAQI E Q
predictor items. The relevant DLQI question is represented in numerical order by DLQI 1,
DLQI 2 etc up to DLQI 10

Estimate Std. 95% Confidence Interval

Error Lower Bound Upper Bound

Threshold [EQ5D Pain/ -2.732 .316 -3.352 -2.112
Discomfort a1 = 1]

[EQ5D Pain / .987 .302 .395 1.579
Discomfort az = 2]

DLQI ltem [dlgil=0] -2.050 211 -2.464 -1.637

[dIlgi1=1] -1.345 .198 -1.732 -.957

[dlgi1=2] -.480 .195 -.863 -.097

[dIgil=3] 02 . . .

[dlgi6=0] -.986 .244 -1.465 -.507

[dlgi6=1] -. 758 .265 -1.277 -.238

[dIqi6=2] -.559 .282 -1.113 -.006

[dIgi6=3] 02 . . .

[dlgil0=0] -.407 .268 -.932 119
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[dIgi10=1] -.073 .280 -.621 475
[dIgi10=2] .270 .291 -.301 .841
[dIqi10=3] 02 . . .
[dIgi4=0] -.076 215 -.497 .345
[dIgi4=1] 171 222 -.263 .605
[dIgi4=2] .455 237 -.009 .918
[dIqi4=3] 02 . . .
[dIgi7=0] .350 .193 -.029 729
[dIgi7=1] .028 .205 -.373 429
[dIgi7=2] .256 .290 -.312 .824
[dIqi7=3] 02 . : .
[dIgi3=0] -.464 279 -1.011 .083
[dIgi3=1] -.197 277 -.741 347
[dIgi3=2] -.131 272 -.665 403
[dIgi3=3] 02
Figure56The or di nal | ogi stic regression formul ae

outcomes
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The following formulae were inputted into Excel to produce three probabilities per patient

using the estimates from Table 5.30 in the equation shown in Figure 5.6:

P (Pain=1)

=1/(1+EXP(2.732+((IF(22=0,-0.2050,0))+(IF(Z2=1,-1.345,0))+(IF(Z2=2, -
0.480,0))+(IF(22=3,0,0))+(IF(AE2=0,-0.986,0))+(IF(AE2=1,-0.758,0))+ (IF(AE2=2,-
0.559,0))+(IF(AE2=3,0,0))+(IF(AK2=0,-0.407,0))+(IF(AK2=1,-
0.073,0))+(IF(AK2=2,0.270,0))+(IF(AK2=3,0,0))+(IF(AC2=0,-
0.076,0))+(IF(AC2=1,0.171,0))+(IF(AC2=2,0.455,0))+(IF(AC2=3,0,0))+(IF(AH2=0,0.350,0))+(I
F(AH2=1,0.028,0))+(IF(AH2=2,0.256,0))+(IF(AH2=3,0,0))+(IF(AB2=0,-0.464,0))+(IF(AB2=1,-
0.197,0))+(IF(AB2=2,-0.131,0))+(IF(~32=3,0,0)))))

P (Pain = 2)
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=1/(1+EXP(-0.987+((IF(Z2=0,-0.2050,0))+(IF(Z2=1,-1.345,0))+(IF(Z2=2,-
0.480,0))+(IF(22=3,0,0))+(IF(AE2=0,-0.986,0))+(IF(AE2=1,-0.758,0))+ (IF(AE2=2,-
0.559,0))+(IF(AE2=3,0,0))+(IF(AK2=0,-0.407,0))+(IF(AK2=1,-
0.073,0))+(IF(AK2=2,0.270,0))+(IF(AK2=3,0,0))+(IF(AC2=0,-
0.076,0))+(IF(AC2=1,0.171,0))+(IF(AC2=2,0.455,0))+(IF(AC2=3,0,0))+(IF(AH2=0,0.350,0))+(I
F(AH2=1,0.028,0))+(IF(AH2=2,0.256,0))+(IF(AH2=3,0,0))+(IF(AB2=0,-0.464,0))+(IF(AB2=1,-
0.197,0))+(IF(AB2=2,-0.131,0))+(IF(~32=3,0,0))))) - BC2

P (Pain=3)=1-P (Pain=2) - P (Pain = 1)

5.3.2.1.5 Anxiety / depression

Table531Est i mates f or t he ¢&3Ordomiaieusiyg/the mestsigrifisanto n 6 E (
DLQI predictor items. The relevant DLQI question is represented in numerical order by DLQI
1, DLQI 2 etc up to DLQI 10

Estimate Std. 95% Confidence Interval
Error Lower Bound Upper Bound

Threshold [EQ5D Anxiety/ -2.848 .342 -3.519 -2.177
Depressionai =
1]

[EQ5D Anxiety/ .489 .328 -.153 1.131
Depressionaz =
2]

DLQI ltem [dIgi2=0] -1.296 .208 -1.704 -.887
[dlgi2=1] -.881 197 -1.268 -.495
[dlgi2=2] -.495 .201 -.888 -.101
[dIgi2=3] 02 . . .
[dIgi7=0] -.638 .190 -1.010 -.266
[dIgi7=1] -474 .199 -.864 -.084
[dlgi7=2] -.409 .286 -.970 152
[dIgi7=3] 02 . . .
[dIqi9=0] -.624 .262 -1.137 -.110
[dIgi9=1] -.627 .284 -1.184 -.069
[dIgi9=2] -.157 .319 -.783 .468
[dIgi9=3] 02 . . .
[dIqi3=0] -.228 .282 -.780 .324
[dIgi3=1] .095 .282 -.458 .647
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[dIgi3=2] .021 273 -515 556
[dIgi3=3] 02 . . .
[dIgi1=0] -.429 206 -.832 -.025
[dIgi1=1] -.493 191 -.868 -.118
[dlgi1=2] -471 .190 -.844 -.098
[dIgi1=3] 02 . . .
[dIgi10=0] -.741 269 -1.267 -.215
[dIgi10=1] -.757 280 -1.305 -.209
[dIgi10=2] -.478 287 -1.040 .084
[dlgi10=3] 02 . . .
[d1qi8=0] -.300 327 -.941 341
[dIgi8=1] -.085 319 -711 541
[dIgi8=2] -172 311 -.782 437
[dIqi8=3] 02 . . .
[dIqi4=0] 402 217 -.024 .828
[dIgi4=1] 427 221 -.007 861
[dIgi4=2] 453 232 -.002 .909
[dIgi4=3] 02

Figure 5.7 The ordinal logistic regression formulae to predict EQ-5D 6 Anxi ety / depr e

domain outcomes
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The following formulae were inputted into Excelto produce three probabilities per patient

using the estimates from Table 5.31 in the equation shown in Figure 5.7:

P (Anxiety = 1)

=1/(1+EXP(2.848+((IF(AA2=0,-1.296,0))+(IF(AA2=1,-0.881,0))+(IF(AA2=2, -
0.495,0))+(IF(AA2=3,0,0))+(IF(AH2=0,-0.638,0))+(IF(AH2=1,-0.474,0))+ (IF(AH2=2, -
0.409,0))+(IF(AH2=3,0,0))+(IF(AJ2=0,-0.624,0))+(IF(AJ2=1,-0.627,0))+ (IF(AJ2=2,-
0.157,0))+(IF(AJ2=3,0,0))+(IF(AB2=0,-
0.228,0))+(IF(AB2=1,0.095,0))+(IF(AB2=2,0.021,0))+(IF(AB2=3,0,0))+(IF(22=0,-
0.429,0))+(IF(22=1,-0.493,0))+(IF(Z2=2,-0.471,0))+(IF(22=3,0,0))+(IF(AK2=0,-
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0.741,0))+(IF(AK2=1,-0.757,0))+ (IF(AK2=2,-0.478,0))+(IF(AK2=3,0,0))+ (IF(AI2=0,-
0.300,0))+(IF(A12=1,-0.085,0))+(IF(AI2=2,-
0.172,0))+(IF(A12=3,0,0))+(IF(AC2=0,0.402,0))+(IF(AC2=1,0.427,0))+(IF(AC2=2,0.453,0))+(I
F(AC2=3,0,0)))))

P (Anxiety = 2)

=1/(1+EXP(-0.489 +((IF(AA2=0,-1.296,0))+(IF(AA2=1,-0.881,0))+(IF(AA2=2, -
0.495,0))+(IF(AA2=3,0,0))+(IF(AH2=0,-0.638,0))+(IF(AH2=1,-0.474,0))+ (IF(AH2=2, -
0.409,0))+(IF(AH2=3,0,0))+(IF(AJ2=0,-0.624,0))+(IF(AJ2=1,-0.627,0))+(IF(AJ2=2,-
0.157,0))+(IF(AJ2=3,0,0))+(IF(AB2=0,-
0.228,0))+(IF(AB2=1,0.095,0))+(IF(AB2=2,0.021,0))+(IF(AB2=3,0,0))+(IF(22=0,-
0.429,0))+(IF(22=1,-0.493,0))+(IF(Z2=2,-0.471,0))+(IF(22=3,0,0))+(IF (AK2=0,-
0.741,0))+(IF(AK2=1,-0.757,0))+(IF(AK2=2,-0.478,0))+(IF(AK 2=3,0,0))+(IF(AI2=0,-
0.300,0))+(IF(A12=1,-0.085,0))+(IF(AI2=2,-
0.172,0))+(IF(A12=3,0,0))+(IF(AC2=0,0.402,0))+(IF(AC2=1,0.427,0))+ (IF(AC2=2,0.453,0))+(I
F(AC2=3,0,0))))) - BC2

P (Anxiety = 3) =1 - P (Anxiety = 2) - P (Anxiety = 1)

5.3.3 Results

Having derived five ordinal models, one for each EQ-5D dimension, the models were used to
predict the probability of each EQ-5D response for each subject in the validation set. The total
sums of probabilities were then calculated to predict the number of responses for each
domain across the entire validation cohort and these were then compared with the actual
frequencies recorded, as shown in Table 5.32. These frequencies are also displayed as bar
charts in Figure 5.8 (a and b), which demonstrate the predictive capability of the models
across each domain. The models were shown to be highly predictive except for the

pain/discomfort domain where some minor differences were noted (Table 5.32).
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Table 5.32 Table summarising the ordinal regression model predictions against actual
population responses following forwards stepwise variable method

EQ-5D Response within each domain

EQ5D Domain No Some Extreme
Mobility Actual 1389.00 435.00 5.00
Predicted 1392.21 430.97 5.82
Self-care Actual 1611.00 196.00 5.00
Predicted 1628.25 176.93 6.83
Usual Activities Actual 1342.00 447.00 34.00
Predicted 1346.66 453.95 22.39
Pain/Discomfort Actual 823.00 901.00 111.00
Predicted 565.39 1132.65 136.96
Anxiety/Depression Actual 1001.00 730.00 82.00
Predicted 983.41 746.31 83.28
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Figure 5.8a Actual versus predicted EQ-5D outcome per domain using the ordinal regression

model
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Figure 5.8b Actual versus predicted EQ-5D outcome percentages per domain using the

ordinal regression model
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5.3.3.1 Is the model predictive at an individual level?

5.3.3.1.1 Histograms

The model 6s discriminatory power wasb9miB)t i al |y
for each response of each domainofthe EQ-5D. For exampl e, when asse
response of the OAnxiety/ degprods spiacdn ée nd asmainrs,w et
patients who actually answered O6nob6 was pl otte

model 6s predictive power at an individual | ev e

Figure 5.9 Anxiety & Depression histogram
a) O6Nobd

Histogram: Probability of patients answering 'no’' for Anxiety/Depression
using the ordinal regression mudlel, En patients who actually answered
no'
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c) OExtremebod

_Histogram: Probability of patients answering "extreme’ for
Anxiety/Depression using the ordinal regression model, in patients
who actually answered "extreme’
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Figure 5.10 Mobility histogram
a) ONobd

Histogram: Probability of patients answering 'no’ for Mobility using
the ordinal regression model, in patients who actually answered 'no’
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c) OExtremebod

Histogram: Probability of patients answering 'extreme’ for Mobility

using the ordinal regression model, in patients who actually answered
'extreme
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Figure 5.11 Pain histogram
a) O6Nobd

Histogram: Probability of im_tients_ answering 'no’ for Pain using the
ordinal regression model, in patients who actually answered "no'
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c) OExtremebod

Histogram: Probability of patients answering 'extreme’ for Pain using
the ordinal regression model, in patients who actually answered
‘extreme’

Frequency
i

o T T T T T
00 .10 20 30 40 .50

Probability of patients answering "Extreme’

Figure 5.12 Self-care histogram

a) ONob

Histogram: Probability of patients answering 'no' for Self-care usin
the ordinal regression model, in patients who actually answered 'no’
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c) OExtremebod

Histogram: Probability of patients answering 'extreme’ for Self-care
using the ordinal regression mpdel, in patients who actually answered
extreme
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Figure 5.13 Usual Activities histogram
a) ONob

Histogram: Probability of patients answering 'no’ for Usual Activities
using the ordinal regression model, in patients who actually
answered 'no’
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c) OExtremebod

Histogram: Probability of patients answering 'extreme’ for Usual
Activities using the ordinal regression model, in patients who
actually answered "extreme’
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The histograms shown above demonstrate an expected shift from right to left as the graphs

progress within each domain, with the O6peak6
the popul ation. For exampl e, t he ctia/hesponsestny / depr
the 6no6 category, compared to O0somed6 and Ob6ext
probabilities for this response. However, gi Ve

category the final graphs were not always ideal (Figures 5.10c and 5.12c).

5.3.3.1.2 Exploring latent variables

The second method of assessing the predictive ability of the model at an individual level
involved charting the predi qRgereb5.14)a.l uTetse fdolra ttehne
v ar i athd sandmatios of the DLQI and threshold estimates (as seen in the formula of

Figure5.2) t hat all ows the conversion of the ordin
suppose we were able to measure pain on a continuous scale « - this is an unobserved

61 at e nt @iththe EQ-5DbMe ebserve wwhere:

W TE e QB °
w pi€aZ o Q0Nw o

w ¢ Qwoi Q& @QU0Ew

The ordinal logistic model for wgives an estimated value on the oS scale for each subject as a

function of their scores with the DLQI domains (these are the wvalues) as follows:

g T o o E 1w
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Therefore, subjeitht her edAoxdieny / dN@d e s-SDisloonld d o m.
give |l ow vadbueatemtt vardywbl e scal e whththie subj
domain should give high values on that same | ¢
should give values somewhere in the middle providing the model is predicting outcome at the

individual subject level. Once the predicted latent variables were plotted against the number

of actual respondents within each category, this was indeed the case as can be seen from

Figure 5.14e . For subjeobsthecbudkngfolNhe distributi
valuesis towards theleftth and si de, while for those recordi
to the right and finally for those rutledotei ng
right. Figures 5.14a i 5.14d provide corresponding distributions for the remaining domains of

the EQ-5D and each of the figures demonstrates that the model was able to reliably achieve

a suitable distribution of latent variable values for each domain, therefore providing

discrimination at the subject level.

Figure 5.14(a)-(e) Percentage of actual responses against predicated latent variable scores
for each domain of the EQ-5D. *Note that the extreme values have been removed for the

Omobil i tyadr eain dd odnseeilfs due to | ow sample sizes

Figure 5.14a*: Percentage of actual responses in each category against predicted latent
variable scores for the 'mobility' domain of the EQ5D
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Percentage of total responses within category

Figure 5.14b*: Percentage of actual responses in each category against predicted latent variable
scores for the 'self -care' domain of the EQ5D
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Figure 5.14c: Percentage of actual responses in each category against predicted latent variable
scores for the 'usual activities' domain of the EQ5D
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Figure 5.14d: Percentage of actual responses in each category against predicted latent variable
scores for the 'pain' domain of the EQ5D

3

S

= No (n=823)

= Some (n=901)

= Extreme (n=111)

Percentage of total responses within category
8 8
o

[
o

-3.5t040-3.0t0-35-25t0-30-20t025-1.5t0-20-1.0to-1.5-0.5t0-1.0 0.0to-0.5 0.0t0 0.5 0.5t0 1.0
Latent variable scores

Figure 5.14e: Percentage of actual responses in each category against predicted latent
variable scores for the 'anxiety and depression' domain of the EQ5D
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5.3.3.2Final Model

The results for the five models for the five EQ-5D domains are shown in Table 5.33, including
estimated coefficients and standard errors from the entire population of 4010 subjects. The
complete SPSS output for this work may be found in Appendix XXII. The updated Excel
formulae utilising the estimates from the complete dataset may be found in Appendix XXIII.
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Table 5.33 Final model coefficients (standard

errors) for each EQ-5D domain (Method Two)

Mobility

Self-Care

Usual activities

Pain/Discomfort

Anxiety/Depression

Threshold a1

-0.761 (0.211)

0.077 (0.257)

-1.632 (0.222)

-3.148 (0.225)

-2.576 (0.235)

Threshold a2

4.081 (0.359)

3.859 (0.378)

1.939 (0.236)

0.524 (0.210)

0.711 (0.226)

DLQIZ=0 -0.469 (0.160) | -0.636 (0.228) | -0.879 (0.164) | -1.981 (0.145) | -0.224 (0.142)
DLQI1=1 -0.329 (0.145) | -0.386 (0.187) | -0.436 (0.143) | -1.133 (0.136) | -0.254 (0.132)
DLQI1=2 -0.181 (0.141) | -0.233 (0.173) | -0.097 (0.138) | -0.490 (0.490) | -0.246 (0.132)
DLQI2=0 0.448 (0.172) | 0.101 (0.237) | 0.606 (0.177) | - -1.215 (0.144)
DLQI2=1 0.381 (0.159) | 0.182 (0.203) | 0.531 (0.160) | - -0.829 (0.135)
DLQI2=2 0.024 (0.156) | -0.156 (0.193) | 0.135 (0.155) | - -0.388 (0.136)
DLQI3=0 -0.632 (0.211) | -0.884 (0.263) | -1.034 (0.206) | -0.656 (0.192) | -0.351 (0.192)
DLQI3=1 -0.080 (0.204) | -0.524 (0.247) | -0.557 (0.199) | -0.312 (0.191) | -0.111 (0.190)
DLQI3=2 0.250 (0.192) | 0.018 (0.219) | -0.030 (0.190) | -0.150 (0.186) | 0.028 (0.185)
DLQI4=0 - 0.154 (0.230) | 0.070 (0.173) | -0.140 (0.154) | 0.142 (0.153)
DLQI4=1 - 0.339 (0.225) | 0.088 (0.173) | 0.024 (0.158) 0.050 (0.157)
DLQI4=2 - 0.556 (0.214) | 0.330 (0.172) | 0.214 (0.165) 0.191 (0.162)
DLQI5=0 -0.396 (0.216) | -0.254 (0.297) | -0.620 (0.219) | - -

DLQIS=1 -0.201 (0.205) | 0.077 (0.268) | -0.336 (0.206) | - -

DLQI5=2 -0.149 (0.193) | 0.012 (0.242) | -0.207 (0.194) | - -

DLQI6=0 -0.392 (0.183) | -0.063 (0.230) | -0.766 (0.182) | -0.936 (0.173) | -

DLQI6=1 -0.642 (0.203) | -0.253 (0.257) | -0.684 (0.198) | -0.676 (0.187) | -

DLQI6=2 -0.298 (0.205) | 0.104 (0.248) | -0.490 (0.203) | -0.422 (0.195) | -

DLQI7=0 -0.268 (0.142) | -0.355 (0.179) | -0.552 (0.140) | 0.431 (0.135) -0.510 (0.131)
DLQI7=1 -0.722 (0.154) | -0.676 (0.196) | -0.741 (0.149) | 0.171 (0.143) -0.281 (0.138)
DLQI7=2 -0.690 (0.204) | -0.537 (0.243) | -0.422 (0.193) | 0.353 (0.190) -0.114 (0.185)
DLQI8=0 - 0.262 (0.303) | - - -0.426 (0.224)
DLQI8=1 - 0.307 (0.293) | - - -0.263 (0.220)
DLQI8=2 - 0.428 (0.268) | - - -0.124 (0.214)
DLQI9=0 - 20.172 (0.236) | - - -0.442 (0.183)
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DLQI9=1 - -0.153 (0.263) | - - -0.395 (0.198)

DLQI9=2 - -0.590 (0.282) | - - -0.073 (0.214)

DLQI10=0 -0.728 (0.195) | -1.404 (0.230) | -0.616 (0.197) | -0.843 (0.193) -0.571 (0.192)

DLQI10=1 -0.357 (0.200) | -0.935 (0.231) | -0.302 (0.202) | -0.481 (0.198) -0.540 (0.197)

DLQI10=2 -0.155 (0.207) | -0.365 (0.225) | -0.069 (0.208) | -0.241 (0.206) -0.337 (0.204)
Footnotes

*'n Col umn 1, the first figure after O6DLQI & i s
thescoreof ther esponse to that iitem, as per authoroés

(http://www.cardiff.ac.uk/dermatology/quality -of -life/dermatology-quality-of -life-index-dlgi/dlgi-

instructions-for-use-and-scoring/) (Finlay 2020)

**For each DLQI item the coefficients corresponding to DLQIX=3 equate to zero in all cases
as this category was used as the reference category to which each of the other categories

was compared

5.3.3.3ummary of the forward variable selection method

The process of selecting the most significant DLQI items and implementing these in the
ordinal regression formula demonstrates that the model works. However, this process results
in the total predicted number of respondents in each category for an entire population. As
described in the previous chapter, this provides some difficulties in calculating utility values,
as it is important to affirm individual responses according to the EQ-5D-3L scoring tariff, not
just the number of each of the responses. Furthermore, though the predicted numbers are
reassuring, the histograms (Figures 5.91 5.13) and latent variable graphs (Figure 5.14)
demonstrate that the model could yet be strengthened, particularly at the extreme ends of the
scale, with closer predicted values.
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5.4 Method three: Monte Grlo simulation without forward
variable selection and added age & sex variables

Results using the forward variable selection method, though highly predictive at the group
level (Figure 5.8), needed further development to avoid systematic bias and reduce the
discrepancies between actual and predicted utility values.

To calculate utility values one needs a SPSS syntax, which are available upon request from
EuroQol (http://www.eurogol.org/about-eg-5d/valuation-of-eq-5d/eq-5d-3l-value-sets.html).

This syntax calculates individual utility values depending on subject EQ-5D domain scores.

To manually calculate these values is possible, but given the large sample size utility value

calculations would be prone to significant time consumption as well as human error.

Therefore, it was prudent to develop a model that would allow the accurate prediction of

domain scores per patient. Another consideration for improving the model fit was to add extra
variables, which in this ¢ as esetfroed@l0 gategsewdth and ¢
skin diseases (Dalgard et al. 2015) was used.

The dataset was once again randomly split into separate estimation and validation sets using
the SPSS version 22 random number generator. Subjects with missing data in the DLQI, EQ-
5D and age/sex fields were removed from both datasets to enable model fitting and
evaluation. As previously, the estimation set was used to derive the mapping models, whilst
the out-of-sample validation set was utilised for validating the fitted models (Results Appendix
XXIV). Following validation, the models were fitted to the complete dataset to improve their

overall accuracy.

A series of ordinal logistic regressions were fitted for each of the five EQ-5D dimensions
against the ten individual items of the DLQI using SPSS version 22. All ten DLQI items were
included this time for each domain model in order to capture all the correlations induced by
each DLQI item. Monte Carlo simulations were run using these variables only. Subsequently,
regressions were run with age and sex alone, DLQI items alone, as well as age and sex
combined with DLQI items in order to evaluate the contribution of age and sex, and
collectively the ten DLQI items. For each domain the combination of ten DLQI items with age
and sex significantly improved the fit of the models, which included just age and sex, or just
the ten DLQI items (Table 5.34). It should be noted that age and sex are invariably recorded,
and therefore accessible and have been shown to significantly impact on QoL (Sampogna et
al. 2006). For the purpose of modeli ng, mal es were encoddd; aagé0d
was inputted in years.
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Table 5.34 The significance of the DLQI items and age and sex compared to the model

containing age, sex and the DLQI items for each EQ-5D domain

EQ-5D Domain | Covariates: Age / Sex Covariates: DLQI Covariates: Age /
Sex / DLQI
-2 log Chi- Degrees | -2 log Chi- Degrees
likelihoo | square of likelihood | square of
d compari | freedom compari | freedom -2 log likelihood
ng to (df) ng to full | (df)
full model
model
Mobility 507.39 171.87 2 1311.04 107.01 10 1565.91
Self-care 430.84 18.67 2 862.51 172.87 10 988.67
Usual activities 610.24 36.59 2 1388.09 269.24 10 1754.06
Pain 783.75 37.54 2 1737.99 424.87 10 2373.31
Anxiety/ 772.55 18.91 2 1787.89 284.41 10 2451.74
depression

Due to the improved fit, it was hypothesised that these extra variables may improve the
predictive ability of the models. The estimates from the final five models were fitted into the
OLR equations. These ordinal models produced a set of probabilities for each possible

outcome category, as given by the equations in Figure 5.2.

However, the summation of probabilities was not used in this instance as this process was
previously used to calculate the total predicted number of respondents within each EQ-5D
domain. This was not required for method three: the model was tested on the validation
dataset to produce three predicted probabilities per subject per EQ-5D domain (Y = 1, 2 or 3).
Using these predicted probabilities, a series of Monte Carlo simulations were run for each
subject resulting in predicted domain responses and consequently utility scores. Each Monte
Carlo simulation involved randomly generating a number between 0 and 1 for each EQ-5D
domain, which was then assigned a score depending on where it stood between the domain
probabilities. This was repeated ten times to ensure the model output was stable. The
average predicted utility scores for each Monte Carlo simulation were then compared with the
actual average utility score within the validation set across the entire patient population. As a
final step, the model was re-fitted on the entire patient dataset to produce a model with

increased accuracy.
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5.4.1 Galculating utility values

For each subject, an actual utility value (based on actual patient responses) and a predicted
utility value (derived from models) were calculated. For the purpose of this work, utility value
is defihedcasdodonal value that reflects an
o ut c o(halley 2009). In this thesis, these will be defined by the pre-existing EQ-5D health
states (i.e. bet ween @Eprmissionemassoughe feom EuroQol a n d
(http://www.eurogol.org) to utilise the standardised UK time-trade-off (TTO) values, as
European values did not exist at the time of the request. A pre-existing syntax was provided
by EuroQol, which was used to calculate utility values within SPSS version 22, as seen
below:

kkkkkkkkkkkhkkkkkkkhkkkhkkkhkkkkhkkkhkhkkhkkkhkkkkhkkkhkkkkhkkkhkkkrhkkhkkkkkkkhx

* SPSS syntax code for the computation of  *
* index values with the UK MVH-A1TTO value set *

** ** ** * * * * * * * * * *kkkkkkkikk * * * * *

compute UK_TTO = 1.0.

if (mobility eq 2) UK_TTO =UK_TTO - 0.069.
If (mobility eq 3) UK_TTO = UK_TTO - 0.314.

if (selfcare eq 2) UK_TTO = UK _TTO - 0.104.
if (selfcare eq 3) UK_TTO = UK _TTO - 0.214.

if (activity eq 2) UK_TTO =UK_TTO - 0.036.
if (activity eq 3) UK_TTO =UK_TTO - 0.094.

if (pain eq 2) UK_TTO = UK_TTO - 0.123.
if (pain eq 3) UK_TTO = UK_TTO - 0.386.

if (anxiety eq 2) UK_TTO = UK_TTO - 0.071.
if (anxiety eq 3) UK_TTO = UK_TTO - 0.236.

if (mobility ne 1 or activity ne 1 or selfcare ne 1 or pain ne 1 or anxiety ne 1)
UK_TTO = UK _TTO - 0.081.
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if (mobility eq 3 or selfcare eq 3 or activity eq 3 or anxiety eq 3 or pain eq 3)
UK_TTO = UK_TTO - 0.269.

if (missing(mobility) or missing(activity) or missing(selfcare) or missing(pain) or
missing(anxiety))

UK_TTO=0.

missing values UK_TTO (9).

execute.

Syntax key

eq = 6éequal tod, ne = o6not equal tobd

Utility values were adjusted for whénhbepriobdiyv
ineveryEQ-5D domain) or O6at | east one threed (i.e.

least one EQ-5D domain). Binary logistic regression models were created to counteract any
systematic bias in the overall utility values (Appendix XXV). However, this would eventually
become an unnecessary step in the process as these shifts in utility values are already

considered in the SPSS syntax, as seen above.

5.4.2 Results of Monte @rlo simulation without forward variable selection
andadded age & sex variables

The patient dataset (n=4010) was randomly split into estimation (n=2007) and validation
(n=2003) data sets. After excluding subjects with missing Age, Sex, DLQI, and EQ-5D data
there were 1769 patients in the estimation set (11.9% excluded), and 1773 in the validation
set (11.5% excluded). The socio-demographic characteristics of the original dataset are

shown in Table 5.1.

5.4.2.1External validation

Five ordinal models were derived, for each EQ-5D domain, and used to predict the probability
of each EQ-5D response for each subject in the validation set, and subsequently the utility
scores using Monte Carlo simulations. The model was shown to be highly predictive and

repeated simulations demonstrated a stable model (Figure 5.15, Appendix XXVI). The
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average predicted utility value for the entire validation set ranged from 0.742 to 0.753 across
the 10 Monte Carlo simulations compared to the actual average utility value of 0.754.

The predictive ability of the model at an individual subject level was also examined using

histograms to display the difference between predicted utility score and the actual utility score

for each Monte Carlo simulation. Figure 5.15depi cts a centrality aroun
the strong predictive collective capability of the OLR models. Of all ten Monte Carlo

simulations shown, on average, 38% of the individual utility values were predicted to lie within

0.1 of the actual values, while 66% were predicted to lie within 0.2 and 80% within 0.3.

Figure 5.15 (a)-(j) Histograms demonstrating the average difference between predicted and
actual utility scores for each Monte Carlo simulation
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5.4.2 2Anal model coefficients

Table 5.35 shows results for the five models for the five EQ-5D domains, including estimated

coef ficients and standard errors from all subj
influence the final ordinal model equation whereby higher figures indicate a stronger
correlation between the rel evantOverthelassweekFor e»
how itchy, sore, painful or stinging has yourskinbeen?6 and thi s correl ated
the Opain/ discomfSmiatlydDLQldgemd0d ens K D:. 68B8GYer t he | as
much of a problem has the treatment for your skin been, for example by making your home
messy, or by takheghughestme®def ficient for thi
c ar e &D do@ain, reaffirming the strong conceptual correlation between the two

guestionnaires as described previously.
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Table 5.35 Final model coefficients (standard errors) for each EQ-5D domain (Method Three)

Mobility

Self-Care

Usual activities

Pain/Discomfort

Anxiety/Depression

Threshold a1

4.546 (0.232)

4.640 (0.306)

3.680 (0.216)

2.381 (0.173)

1.934 (0.170)

Threshold a2

9.552 (0.392)

8.861 (0.471)

7.364 (0.272)

6.229 (0.211)

5.240 (0.199)

Age

0.051 (0.003)

0.033 (0.004)

0.027 (0.003)

0.025 (0.002)

0.003 (0.002)

Sex

0.046 (0.089)

-0.213 (0.120)

0.133 (0.087)

0.177 (0.073)

0.465 (0.073)

DLQI 1

0.087 (0.055)

0.176 (0.074)

0.270 (0.052)

0.685 (0.047)

0.035 (0.044)

DLQI 2

0.013 (0.061)

0.052 (0.079)

-0.114 (0.059)

0.014 (0.049)

0.378 (0.048)

DLQI 3

0.209 (0.068)

0.278 (0.085)

0.351 (0.063)

0.199 (0.060)

0.107 (0.057)

DLQI 4

0.071 (0.058)

0.053 (0.072)

0.051 (0.055)

0.097 (0.050)

-0.099 (0.048)

DLQI 5

0.113 (0.075)

0.064 (0.095)

0.209 (0.070)

-0.122 (0.064)

0.205 (0.062)

DLQI 6

0.116 (0.060)

0.014 (0.071)

0.215 (0.055)

0.310 (0.054)

-0.075 (0.052)

DLQI 7

0.251 (0.053)

0.236 (0.063)

0.283 (0.049)

-0.048 (0.046)

0.186 (0.044)

DLQI 8

-0.008 (0.076)

-0.013 (0.091)

-0.081 (0.071)

0.163 (0.066)

0.121 (0.064)

DLQI 9

-0.094 (0.065)

0.002 (0.075)

0.068 (0.060)

0.132 (0.057)

0.194 (0.054)

DLQI 10

0.233 (0.061)

0.478 (0.071)

0.210 (0.057)

0.245 (0.054)

0.155 (0.052)

5.5 Method four: split-half cross validation

All the methods employed thus far have involved randomly splitting the original database of

4010 patients only once, resulting in one derivation and one validation set with unequally

sized populations. This process does not result in true randomisation and the results were

therefore subject to possible statistical bias. Therefore, to truly test the OLR model, the entire

process was repeated with numerous random splits. This was done in order to help improve

the overall accuracy of the model and also to prove that the accuracy of the predicted utility

values was not due to chance.

The database was filtered after deleting cases with missing data in variables for DLQI, EQ-

5D, age and sex. This differed from the previous methods where missing data were only

removed following the modelling.

Thi

resul ted in

Opur ed

estimates, as previously it was assumed SPSS v22 would automatically ignore missing data,

though perhaps this was not the case, resulting in aberrant data. There was no clear

indication on the software used as to whether data from incomplete cases would be

considered in the final analysis and therefore it was safer to filter the data prior to any further

detailed work. The core database was then randomly split into two groups, one for the

derivation of the models, and one for the validation, as before. This process was repeated

five times resulting in five random pairs of derivation/validation datasets. The process of

ordinal logistic regression as described above was conducted again for each pair of datasets

using DLQI, age and sex as variables. Therefore, a total of 25 models (5 x 5 domains) were

created to test the validity of the OLR method. As described in the previous section, using the
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three predicted probabilities for each domain, one Monte Carlo simulation was run on each
validation set, following which predicted utility values were calculated, averaged and
compared with the actual population average. Once this entire process had occurred five
times, the derivation and validation datasets were switched around to further consolidate the
split-half validation method for calculating utility values (see results in Appendix XXVI). This
resulted in a total of ten Monte Carlo simulations.

The proportional odds assumption was assessed using the test for parallelism within SPSS.
For each domain, except mobility, this test gave a non-significant result supporting the
assumption for proportional odds. For mobility the p-value of 0.01 did indicate some
departure from this assumption but this can be explained by the small number of subjects
(n=11) in the dataset who have a mobility outcome category of 3. As a consequence, the sub-
model that compares categories 1 and 2 combined with category 3 is unstable and the results
for the test for parallelism unreliable. However, as the results demonstrate, this was not the
case with the other domains and the overall results demonstrate that the methodology is
reliable.

5.5.1 Results of the splithalf cross validation

The dataset (n=4010) was filtered to exclude subjects with missing age, sex, DLQI, and EQ-
5D data. This resulted in a total of 3542 subjects. Each random derivation and validation set

therefore had exactly 1771 patients.

For each EQ-5D domain, five ordinal models were derived and used to predict the probability
of each EQ-5D response for each subject in each validation set, and subsequently the utility
scores using Monte Carlo simulation. The model was shown to be highly predictive and

repeated data splits demonstrated a stable model (Figure 5.16).
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Figure 5.16 (a)-(j) Histograms demonstrating the mean difference between predicted and

actual utility scores for each Monte Carlo simulation
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In each case the predicted mean utility value was a slight underestimate of the actual mean

utility and across the ten validation sets (Table 5.36), the difference between these values
ranged from -0.0024 to -0.0239, with a mean overall difference of -0.0120. This 1.59%
underestimate represents a clinically unimportant effect (Coretti et al. 2014). The mean

square error (MSE) across all ten splits ranged from 0.0728 to 0.0818 with an average of
0.0766. The mean absolute error (MAE) across all ten splits ranged from 0.1873 to 0.2009

with an average of 0.1934.

Table 5.36 Summary of the average predicted utility values across all ten splits

Splitl | Split2 | Split3 | Split4 | Split5 | Split6 | Split7 | Split8 | Split9 | Split AVERAGE
10
Average 0.0024 | 0.0121 | 0.0040 | 0.0127 | 0.0214 | 0.0211 | 0.0044 | 0.0239 | 0.0131 | 0.0046 0.0120
Utility
Value
Difference
% Utility 37.097 | 38.678 | 36.3071 | 36.646 | 36.420 | 38.114 | 37.380 | 35.403 | 38.057 | 38.170 37.2275
Values 7 7 0 1 1 0 7 6 5
Within 0.1
of Actual
uv
% Utility 62.224 | 63.862 | 62.0553 | 62.507 | 60.700 | 61.603 | 62.111 | 60.756 | 62.111 | 61.321 61.9255
Values 7 2 1 2 6 8 6 8 3
Within 0.2
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of Actual
uv

% Utility
Values
Within 0.3
of Actual
uv

81.648

80.688

80.1807

81.535 | 80.858

81.084 | 80.519

79.107 | 80.237

80.293 80.6155

The predictive ability of the model at an individual subject level was also examined using

histograms to display the difference between predicted utility score and the actual utility score

for each simulation at the individual subject level. The results from these splits are displayed

in Figure 5.16.

Al l

t he

pl ots

depict a

centrality

collective capability of the OLR models. On average, 37% of the individual utility values were

predicted to lie within 0.1 of the actual values, while 62% were predicted to lie within 0.2 and

81% within 0.3 over all ten validation exercises (Table 5.36).

5.5.2 The final model and spreadheet template

Details of the final fitted models using data from the 3542 subjects are provided in Table 5.37.

These are the final estimates that will be available to researchers should they wish to map

DLQI scores to utility values, and has been included in the final publication of this study (Ali et

al. 2017c¢).

Table 5.37 Final model coefficients (standard errors) for each EQ-5D domain (Method Four).
The 10 DLQI questions are represented in order by DLQI 1, DLQI 2 etc

Mobility

Self-Care

Usual activities

Pain/Discomfort

Anxiety/Depression

Threshold a1

4.500 (0.190)

4.854 (0.251)

3.574 (0.171)

2.204 (0.133)

1.469 (0.128)

Threshold a2

9.506 (0.368)

9.074 (0.438)

7.231 (0.237)

6.052 (0.178)

4.775 (0.162)

Age 0.051 (0.003) | 0.033 (0.004) | 0.027 (0.003) | 0.025 (0.002) 0.003 (0.002)
Sex 0.046 (0.089) | -0.213 (0.120) | 0.133 (0.087) | 0.177 (0.073) 0.465 (0.073)
DLQI 1 0.087 (0.055) | 0.176 (0.074) | 0.270 (0.052) | 0.685 (0.047) 0.035 (0.044)
DLQI 2 0.013 (0.061) | 0.052 (0.079) | -0.114 (0.059) | 0.014 (0.049) 0.378 (0.048)
DLQI 3 0.209 (0.068) | 0.278 (0.085) | 0.351 (0.063) | 0.199 (0.060) 0.107 (0.057)
DLQI 4 0.071 (0.058) | 0.053 (0.072) | 0.051 (0.055) | 0.097 (0.050) -0.099 (0.048)
DLQI 5 0.113 (0.075) | 0.064 (0.095) | 0.209 (0.070) | -0.122 (0.064) | 0.205 (0.062)
DLQI 6 0.116 (0.060) | 0.014 (0.071) | 0.215 (0.055) | 0.310 (0.054) -0.075 (0.052)
DLQI 7 0.251 (0.053) | 0.236 (0.063) | 0.283 (0.049) | -0.048 (0.046) | 0.186 (0.044)
DLQI 8 -0.008 (0.076) | -0.013 (0.091) | -0.081 (0.071) | 0.163 (0.066) 0.121 (0.064)
DLQI 9 -0.094 (0.065) | 0.002 (0.075) | 0.068 (0.060) | 0.132 (0.057) 0.194 (0.054)
DLQI 10 0.233 (0.061) | 0.478 (0.071) | 0.210 (0.057) | 0.245 (0.054) 0.155 (0.052)

In order to further make this process more accessible and easy to use, a spreadsheet was

designed with the relevant estimates and formulae already inputted (Figure 5.17). Following

simple instructions, researchers shall therefore be able to calculate utility values for a cohort
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of patients with given DLQI values. A step-by-s t e p

should researchers wish to recreate the model.

6reci

ped i s axXX¥lp

Figure 5.17 (a)-(d) Lateral sequential screenshots of the spread-sheet available to

researchers upon request

a)
A B [ D E F G H 1 ] K L ] N
Conversion of DLQJ Item Score to EQ-5D Domain Values Using Ordinal Logistic Regression (Enter Age, Sex & DLQ) scores below per subject)
Subject ID | Age (vears) | Sex(M=0, F=1) | DLQI1 Score | DLQI 2 Score | DLQI 3 Score | DLQI 4 Score | DLQI5 Score | DL 6 Score | DLQI7 Score | DLQI8 Score | DLQIY Score | DLAI 10 Score
1 37 0 1 1 0 1 2 1 3 0 1 2
2 >
3
4 P
5 R
6 E
7 D
8 |
9 C
10 T
11 E
12 D
N O P Q R S T u v X Y Z AA AB AC AD
Estimated probability of each score per EQ-50 domain per subject (copy formula down each column up to the last subject)
Mobility | Self-care | Usual Activities | Pain/Discomfort | Anxiety/Depression
1 2 [ 3 [ 1 [ 23] 1 2 [ 3] 1 [ 23 1] 2173
0.73 0.27 0.00 0.82 0.17  0.00 0.59 039 002 048 049 002 041 054 | 0.05
2> 2>
P M
R o
E N
D T
| E
c
T C
E A
D R
c)
AD AE AF AG AH Al AJ
Random Number Generator for each domain {copy formula down each column up to the last subject)
Mobility Random |S¢H‘Carc dom |Usual Activities Random |PaTnﬂ‘ t Rand: |M:Tm}l:laprasshn Random
0.46 0.53 0.05 0.31 0.23
> >
M P
o] R
N E
T D
E 1
C
[ T
A E
R D
\ AK AL AM AN AQ AP AQ AR AS AT AU AV AW AX

Predicted score for each EQ-5D domain (copy formula down each column up to the last subject)

Mobility Score | _Self-care Score | Usual Activities Score | Pain/Discomfort Score | Anxiety/Depression

| 1 1 1 1 1

¥

Om-EnNn=oOm=v

Utility value (manual input or use SPSS)

The predicted domain scores may be
converted to utility scores using the
relevant TTO value sets specific to
your country. These value sets as
well as the syntax (incase of large
datasets) for SPSS may be obtained
from http://www.eurogol.org
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5.5.3 Further validation:analysis on subsets of patiemiopulation

To further evaluatet h e m getlabilityd tee OLR mapping method was also applied to
different subsets of the study population.

A model was derived from psoriasis-only patients (n=484) and tested on patients with all
other skin conditions (n=3058) (Appendix XXVIII). The mean difference between the
observed and predicted health utility estimates was 0.05 (MSE 0.08, MAE 0.20). Thirty six
percent of the individual health utility estimates were predicted to lie within 0.1 of the

observed values, while 61% were predicted to lie within 0.2 and 78% within 0.3.

Similarly, the model performance was tested on different geographical groups of patients. As
a test exercise, a model derived from patients in Italy (n=517) was tested on patients from
Norway (n=468) (Appendix XXIX). The mean health utility estimate difference for the Norway
patients was 0.06 (MSE 0.09. MAE 0.21). Thirty six percent of the individual health utility
estimates were predicted to lie within 0.1 of the observed values, while 59% were predicted to
lie within 0.2 and 78% within 0.3.

Despite the small sample sizes for the model building exercise in these two cases, their

evaluations support the reliability and robustness of the modelling framework.

5.5.4 Gomparison withthe Currie and Conway lineaegression model

The final step was to compare the performance of the OLR method to a previously used
model. Thus, using split-half cross validation and Monte Carlo simulation, the modelling
framework was repeated to test the linear regression algorithm utilised by (Currie and
Conway 2007) on this dataset, which is larger and more diverse, to compare the accuracy of
the two distinct mapping techniques. This method uses the total DLQI scores and correlates it
directly with the final health utility estimates resulting in a linear regression formulain the
format: Utility =a i (b x DLQI total score).

For this Currie and Conway (2007) linear regression model the mean difference between the
observed and predicted estimates was -0.0007. The MSE across all ten splits ranged from
0.04 to 0.05 with a mean MSE of 0.05. The mean absolute error (MAE) across all ten splits
ranged from 0.15 to 0.16 with an average MAE of 0.16. On average, 38% of the individual
health utility estimates were predicted to lie within 0.1 of the observed estimates, while 78%
were predicted to lie within 0.2 and 89% within 0.3 over all 10 validation exercises.
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5.6 Discussion

This mapping exercise presented many challenges resulting in numerous refinements over
three years. Repeated submissions to journals and peer reviews was a valuable experience
resulting in improved modelling strategies and methods, ultimately providing evidence that
OLR is a valid mapping tool in calculating utility values from DLQI scores.

There is increasing interest in correlating and mapping specialty and disease-specific scores

into generic measures, such as the EQ-5D, for cost-effective analysis and to provide more

accurate disease-specific data which generic measures are unable to capture. Schmitt and

Kuster (2015) correlated the Work Limitations Questionnaire with the DLQI (r =0.47, p

<0.0001) to derive a model to calculate work productivity in psoriasis. Mgller et al. (2015)

s t at edisttilityaamong psoriasis patients is withintheranges of ot her .chr on
There is therefore a need to accurately represent and compare data from dermatology, as

well as specialty- or disease-specific instruments with utility values from other conditions.
Furthermore, there are several inherent disadvantages with generic measures such as the

EQ-5D or Short-Form 36 (SF-36) e.g. they contain irrelevant questions for patients with

severe inflammatory conditions requiring imputation due to systematically missing answers in

the questionnaires. Patients may repeated devel op
completions. Focusing on one specialty- or disease-specific questionnaire, from which utility

values may be derived, provides a perception of relevance encouraging thorough careful

completion by patients whilst also reducing study time and costs for researchers.

Several approaches were employed to map the DLQI on to EQ-5D values using OLR. Over a
long process of trial and error, the final methodology of split-half validation and Monte Carlo
simulation truly demonstrated the strength of this model: this study has succeeded in
mapping DLQI scores to EQ-5D utility data. The model reliably predicts EQ-5D scores, in
particular at a group level, demonstrated through an external validation process resulting in
very close utility score predictions. The model is shown also to provide close prediction of
utility scores at an individual subject level. On average, 38% of the individual utility values
were predicted to lie within 0.1 of the actual values, while 66% were predicted to lie within 0.2
and 80% within 0.3. As these are still fairly significant differences on a scale of 0-1, the

mo d e | 6 sleve pedoonmance demonstrates better predictive ability.

There are strong conceptual associations between the DLQI and EQ-5D items. Mapping is
more likely to be successful where conceptual overlap between two measures exists
(Longworth and Rowen 2011). This is so for the DLQI and EQ-5D; many studies have
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reported a strong association (Scalone et al. 2006; Shikiar et al. 2007; Radtke et al. 2009;
Matusiak et al. 2010; Cortesi et al. 2011; Hjortsberg et al. 2011), which is reaffirmed by this
study. Although overall predictions were strongly correlated to the actual scores at a group
level, the individual predicting power of the model requires further testing, perhaps on a

separate patient database.

The linear regression model utilised by Currie and Conway (2007) provided better predictive
accuracy when fitted on this studybés dataset
observed health utility estimates = 0.00065, compared to OLR =0.0120). This was also

reflected in the respective MAE (linear regression =0.16, OLR = 0.19) and MSE (linear

regression =0.05, OLR = 0.08) values. It is therefore plausible that this mapping method
performs better when fitted on a larger and dermatologically diverse dataset, compared to its
previous validation study which was limited to a small sample size and to psoriasis patients in

the UK (Currie and Conway 2007). However, there is one structural advantage in the use of

the ordinal model over the linear model (Currie and Conway 2007). Since the DLQI total

score always takes a positive value, the maximum utility value derived from the linear

(

regression equation has an upper bound of 06aé.

constant o6ad wil!l approach 1 but wi llityesimate er

b ¢

of 616 (6perfect health6é) cannot be obtained.

simulation such an outcome can be achieved.
European dataset of over 3,500 patients (after deleting missing data) with various
dermatological conditions and the predicted responses may be used to calculate country-
specific health utility estimates (Rivero-Arias et al. 2010). This was not possible using the
previous linear model (Currie and Conway 2007), derived from a UK dataset, because of
differing health utility estimate tariffs between countries (Tsuchiya et al. 2002; Rutten-van
Molken et al. 2006). Thus, the proposed ordinal model, as well as the revised linear

regression model, may be used as mapping tools in other European countries.

Nevertheless, there are some limitations of the OLR model. The actual scores for the DLQI

and the EQ-5D were sometimes inconsistent within the same subject e.g. one subject

answered loneveryEQ-5D domain (6perfect health6é) but
This could be due to poor understanding of the items, the reliability or validity of the

instruments or due to random errors. Though these data were included to avoid bias, Van

Hout et al. (2012) argue analysis should be restricted to logically consistent responses.

Perhaps including more socio-demographic variables in the model, other than age and sex,

may improve its predictive performance, though this may result in only marginal

improvements that would not outweigh the complexity of running the model (Gray et al.
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20086).

The UK time trade-off (TTO) values were used in the derivation of this model; it is worth
considering that these health states were elicited in 1993 and therefore may not be up to date
with current health valuations. Furthermore, no official European TTO values exist for EQ-5D
health states and therefore the UK TTO values were applied throughout the validation
process. Further, sensitivity analysis may be conducted using preference value-sets from
different countries. However, these were not accessible for this study, but would be a useful

consideration for future studies.

Though there may be cultural variation influencing HRQoL and utility responses, it has not
been possible to test this specific question. Experience suggests that within the European
context there is some uniformity of attitudes, cultural norms and responses, as the DLQI has
undergone over one hundred validated translations, with a significant number in European
countries (Basra et al. 2008a). However, the methodology remains intact and consistent,
regardless of the TTO values utilised. Though bootstrapping may indeed be the best
approach for testing such models, this would require some additional theoretical
considerations to extend existing methodology for the binary logistic model to the ordinal
setting. This approach was bypassed byus i ng -h@d gl ictr oss validati ono,
technique for large sample sizes (Steyerberg et al. 2001). Nevertheless, this study presents
the opportunity for further statistical research.

There may be concerns regarding the use of these models in different diseases and whether
single disease models would provide more accurate utility data. This study includes a wide
range of the most common different skin diseases from a wide range of different European
countries, giving the models additional strength in terms of universality. However, a model
was successfully derived from psoriasis-only patients and was tested on patients with all
other conditions, with the predicted results reassuringly similar to the original OLR model
validation exercise. Two limitations of this exercise were the sample size of psoriasis patients,
which was relatively small (n=484) and that nc
the self-care domain of the EQ-5D. Given the overall sample size from which the OLR model
was created, it is therefore plausible that the model may be implemented successfully across
different conditions, limiting the need for condition-specific modelling, which may be
practically difficult to create. Furthermore, numerous models may result in confusion for
researchers, whereas a single tool for utility prediction may prove to be more pragmatic, user-

friendly and accessible.
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This thorough modelling process has identified a template that may be used as a road map
across other medical disciplines in instances where similar needs exist. The current
methodology based on the OLR model will therefore be useful for researchers interested in
deriving generic HRQoL data, including descriptive information, from disease-specific
populations without having to implement numerous questionnaires. Though OLR has
previously been used for converting measures (Gray et al. 2006), this is the firsttime it has
been used to convert a specialty-specific instrument into a generic measure. A step-by-step
guide is provided to implement the OLR model (Appendix XXVII &upplementary materiald in
the particular setting of mapping the DLQI scores to EQ-5D utility values. An Excel spread-
sheet is also available upon request with pre-programmed formulae to enable EQ-5D domain
probability calculations for a cohort of patients, from which utility values may be predicted
using Monte Carlo simulation. The DLQI is the most commonly reported outcome measure in
dermatology (Basra et al. 2008a; Ali et al. 2017a), and therefore there are many datasets

from which generic EQ-5D and utility data can now be derived.
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Chapter 6 GeneralDiscussion
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Psoriasis has been recognisedby WHO as a -oesemmunousabbe di sease
highlighting its global impact on public health as well as the need for united efforts in raising

awareness and tackling the stigma surrounding it (Michalek et al. 2017). The consequential
effectonapati ent 6s quality of |life (QoL), as wel/l a
extensively detailed (Krueger et al. 2001; Basra and Finlay 2007). Inevitably, this has a

Oknoanlb effect on the economy as the burden of
productivity and increased medical costs (Fowler et al. 2008). Therefore, to truly assess the

impact of this chronic skin disease it is not only important to capture accurate QoL information
representative of patient burden, but to report it in a concise and standardised manner and to

derive worthwhile data for clinicians, researchers and health authorities alike. This thesis

brings together three original studies with the aim to improve the methodologies employed by
clinicians, researchers and health economists in the management of psoriasis. These include:

1. A systematic review that highlights commonly used QoL tools, the current QoL
reporting standards for psoriasis RCTs and the inherent limitations of current
practices.

2. A mapping study that devised a model to enable the derivation of EQ-5D utility
values from the most commonly used PROM in dermatology, the DLQI (Finlay and
Khan 1994).

3. Validation of the electronic version of the two most commonly reported outcome
measures in psoriasis: PASI, a clinical outcome measure, and the DLQI
(Fredriksson and Pettersson 1978).

It is hoped this work contributes to major stages in the psoriasis management cascade: how it
is assessed in a clinical setting, how it is reported and assessed in the development of new
therapies and at a macroscopic level how all of this data may be used by health economists

in a way that truly reflects the disease burden thereby enabling better resource allocation.

The systematic review is the first to highlight the range of QoL measures implemented and
the way the data are reported in psoriasis RCTs. A combination of generic, specialty- and
disease-specific measures (n=13) were used, indicating the heterogeneity in the type of QoL
tools that are employed. However, it also highlighted a significant variation in the quality of
reporting of this QoL data including: the frequency at which measures are administered, utility
of the minimal clinically important difference (MCID) value as a clinical parameter or endpoint,
presentation of results (e.g. graphical, percentage change) and use of statistics (median or
mean values, ITT, standard deviation etc). Some studies did not provide extractable QoL

data, making cross-study comparison considerably challenging. The SR further demonstrated
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that the majority of QoL measures implemented do not have MCIDs described in the

literature. The measures which have attributable MCID values possess the ability to

discriminate between intervention efficacy and may also be useful in the planning of new

trials (Jaeschke et al. 1989; Embry and Piccirillo 2020). This idea may be further explored

with the novel ¢ onc e hdsbeerdintrddoced i thisghestss (A€ &l.Do t ha't
2018). This concept potentially adds further meaning to QoL data interpretation as well as

being able to more effectively distinguish between the impact of therapies. However, the

concept of multiple MCID requires extensive further validation: in addition, it is not clear if

MCI D remains constant across a measureod6s scoOr ¢
continues to be studied, is still being established across other measures in dermatology, and

continues to have practical value in interpreting score change (Ofenloch et al. 2015;

Kulthanan et al. 2016; Wu et al. 2019).

Quite importantly, however, the DLQI stood out as the most commonly utilised QoL measure

across all psoriasis RCTs (83% of studies), whichis also supported by evidence from another

major European study (Obradorsetal. 2016). Despi t e t he (Bdth@iab2007] i mi t
Langenbruch et al. 2019), its simplicity, psychometric properties and strong content validity

have contributed to it being the most commonly used QoL measure in dermatology worldwide

(Basra et al. 2008a; Safikhani et al. 2013). The high percentage use of a single measure

allowed the QoL data extracted from this SR to be easily compared across all the identified

RCTs in a standardised manner.

The systematic review conducted for this thesis focused on the adult population. A review of

QoL impact of psoriasis on the paediatric and adolescent population demonstrated that the

DLQI was also one of the most used measur es, e
(Randa et al. 2017). Another systematic review assessed PROMs used in the paediatric

psoriasis population and identified 29 measures including the CDLQI, SPland Chi |l dr en 6
Scalpdex in Psoriasis (Salame et al. 2018), reiterating the diverse practices that exist. The

authors further highlight the dearth of evidence of PROM validation as well as the

heterogeneity in the domains these instruments capture. Similar to the work of this thesis,

Salame et al. (2018) conclude that there is a need for standardised use of PROMsin

research as well as clinical practice. Further systematic reviews of PROMs used in nall

psoriasis (Busard et al. 2018) and psoriatic arthritis (Hgjgaard et al. 2018) demonstrate

similar results with a diverse range of instruments of varying validity being administered

across studies.
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The SR of this thesis nevertheless confirms that the DLQI is central to the assessment of
psoriasis, further underpinning the planned focus for the electronic application and mapping

studies that comprise the other elements of this PhD thesis.

Computer-based assessments are on the rise and preferred over their paper and pencil
counterparts, espec i al l'y given their relevance in the <c
efforts are made to validate measures electronically from the outset (Deal et al. 2010;
Bachinger et al. 2016), electronic equivalence studies are frequently being conducted for
older traditional paper-based PROMSs as demonstrated by the literature review (Chapter 3,
section 3.2). This transition to electronic formats is bolstered by inherent disadvantages of
paper-based data including high costs, increased risk of missing values and practical issues
with the storage of large amounts of data (Faulds et al. 2016). Neither the DLQI nor the PASI
have been formally validated in the electronic format prior to the original study described in
this thesis. The electronic DLQI version has not only been shown to be equivalent to the
paper-based version, but patients have demonstrated preference for the digital medium. The
electronic PASI version is also equivalent to the paper version and is preferred by raters. The
validation study further demonstrates reduced inter-rater variability and quicker completion
times compared to the paper-based version. The calculation of the PASI score is
cumbersome and with the introduction of a novel visually-aided application, the scoring
process can be standardised whilst reducing human errors that may influence treatment
decisions, such as incorrect score calculation. Accidental input errors are also a possibility
with the digital format, though compared to the paper format there are far fewer steps
involved. For example, paper based measures may also inherently have input errors (patients
may accidentally misread, or mis-record a response to an item) or errors as a result of
electronic transcription of data (Saleh et al. 2002). The lower number of required steps, along
with the ability to efficiently back up data, provides the electronic format a superior edge over

other mediums.

When examining the results of the SR, it is evident that there is significant discrepancy
between how QoL is measured across studies. Whilst the SR identifies some of the problems
in QoL measurement and reporting, by introducing electronic data capture researchers and
clinicians will be able to produce detailed and in-depth analyses alongside graphical
representation, saving on time and resources. Psoriasis severity assessment for
consideration of biologic therapies and for the British Association of Dermatology (BAD)
psoriasis registry (BADBIR) requires documentation of both the DLQI and PASI scores
(Finlay 2005; Burden et al. 2012; Smith et al. 2020). Therefore, both measures are vital
inclusions for any electronic application assessing psoriasis severity. The subsequent

production and validation of a novel electronic psoriasis application sets the framework to
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capture clinical and QoL data across various settings in an efficient and standardised
manner. Whilst this information is vital for assessing interventional efficacy and monitoring
patient wellbeing, there is an argument that QoL data are not always adequately translated
into meaningful outcomes when considering health utilities resulting in economic inequalities

of resource allocation.

Utility values and the use of QALYs are integral to healthcare resource allocation and are
considered by health economists as the standard measure of benefit (Ogden 2017). Utility
values may be derived from easy-to-use generic measures such as the EQ-5D, whichis a
preference-based measure of health status, and may be used to compare the HRQoL impact
of all diseases across different specialties (Klassen et al. 2000). However, for more disease-
specific HRQoL data, measures such as the DLQI are necessary to truly represent the
disease burden that generic measures often fail to capture (Krahn et al. 2007). Therefore,
researchers often employ numerous measures in tandem, which not only increases patient
burden, but study costs. As a result, mapping studies are conducted to generate utility values
from disease-specific QoL data, which would thereby aid health economists advise on the
allocation of resources more efficiently. Various specialties within the field of medicine such
as bariatric surgery (Sauerland et al. 2009), endocrinology (Badia et al. 2018) and psychiatry

(Gamst-Klaussen et al. 2018) have conducted mapping studies to overcome this challenge.

While the SR identified problems with QoL data collection and reporting, the electronic
psoriasis assessment application offers a simple day-to-day solution for reducing this
variability. Both of these studies contribute towards improving the process of assessing QoL
impairment at the ground level for the patient, clinician and researcher. The mapping study
presented in this thesis has the potential to translate this QoL information at a national,
decision-making level for the benefit of reimbursement agencies (payers), health authorities
and HTAs. Whilst previous mapping attempts have been unsuccessful or have concluded that
the process is not possible (Currie and Conway 2007; Norlin et al. 2012; Blome et al. 2013),
this original and novel mapping exercise utilising OLR has shown that utility values may
accurately be predicted from DLQI scores at a group level. The database utilised for this
study contained QoL information from numerous dermatological conditions, including
psoriasis. A decision was therefore made to devise a model that would be applicable to
psoriasis as well as the wider dermatological patient demographic, given the unique
opportunity available with the dataset. However, the model works just as well by utilising the
psoriasis-only data. Davison et al. (2018) have also employed various regression techniques
in successfully mapping DLQI scores to EQ-5D-3L utility values by focusing solely on a much
larger psoriasis patient population (n=22,305). Similar to the mapping study of this thesis, the

Davison et al. (2018) model did not perform as well at the lower (or extreme) ends of the EQ-
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5D scale due to fewer patients within that scoring bracket. This is a common problem with
mapping studies whereby models perform worse at the tail-ends of the EQ-5D score
distribution (Longworth and Rowen 2011). However, this may have negligible effects on cost-
effectiveness prediction when mapping cohorts contain data mostly from the middle of the
score distribution (Wailoo et al. 2017). Overall, the mapping algorithm and resultant
spreadsheet could be a valuable tool in translating psoriasis QoL information for cohorts of

patients into tangible utility value data.

There are several reasons why being able to convert DLQI population scores to utility values

would be of value to the scientific community. The first relates to the vast wealth of data

concerning DLQI values in many hundreds of studies, not only in psoriasis but across over

forty differentskindiseases. | t woul d be now possible for rese
information to calculate utility values from these populations using the conversion formula

created in this thesis. Secondly, utility values are frequently calculated directly from EQ-5D

data. However, the EQ-5D was not originally validated in Dermatology and other sub-

specialties. By sourcing utility data directly from a specialty-specific measure it can be argued

that the utility data are more relevant. A third major possible benefit of this mapping method is

that there is the potential to reduce responder burden if the DLQI is being completed anyway

for different purpose(s).

Though there are several positive outcomes from the aforementioned studies adding value to
the existing body of knowledge, as summarised above, they have several limitations which
are detailed below.

6.1 Lmitations

The SR has several limitations. Only English language literature was examined due to
constraints in translation facilities and only studies with extractable QoL data were included. It
was only possible to compare DLQI results in detail because of its predominant usage (83%
of studies). There was too little data from other QoL instruments for them to be included in
some comparisons and several studies were excluded due to inadequate QoL data reporting.
Collating data across studies other than RCTs was not possible due to the wide variation in
methodologies and the heterogeneity would pose comparative challenges. However, by
focusing the systematic review solely on RCTs, one may argue the analysis and conclusions
were derived from the best available evidence, with lower level evidence such as case
reports and series being excluded. The search bias was countered by having two
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independent principal reviewers conducting data search, extraction and synthesis, with a third
independent adjudicator reviewer.

The electronic DLQI/PASI validation studies also had a few limitations. For example, a 30

N

mi nutes washout period may be considered too
effect, though there was no statistical evidence of this (Table 3.4b). Theoretically, this only

may have occurred when the iPad was administered first, as patients spent longer on

average completing it, therefore possibly having more time to remember the questions and
answers. This effect however was counteracted by the cross-over study design, and reading

mat eri al was provided to patients as a 0di str e
the ideal interval period between PRO administrations (Quadri et al. 2013). Other studies

have also used 30 minutes as a washout period (Sun et al. 2015), which can reduce patient

burden and ensures that disease severity does not fluctuate in-between administrations.

Touch screen surfaces are also prone to accidental touches, which may result in recording

unintentional item responses, contributing to final score differences. The electronic version of

the DLQI utilised in this study does not allow completion until all items are answered, which

may impact validity if patients are coerced into answering questions they may have otherwise

skipped on a paper format. This could have ethical implications from not giving patients the

choice of not responding to a question if they do not wish to do so. In the DLQI, this issue is
partly addressed by having a énot relevanté oy
score difference of 0606 provides reassurance that the
in completion and the strong correlation suggests that the two formats may be used

interchangeably. Though the p-value of 0.006 for median total score difference is statistically

significant, this is likely due to the large sample size (Doll and Carney 2005). Furthermore,

the MCID for the DLQI is four (Basra et al. 2015a) and therefore the difference in scores is

negligible in a clinical context. The limits of agreement from the Bland-Altman plots (-3.4 to

+4.1) are also similarly reassuring.

For the PASI, the short washout period was countered by raters completing other clinical and
administrative work including seeing other patients in-b et ween scoringOsay a 6
three raters were enrolled in the study to enc
PASI application on scores including one undergraduate student, one postgraduate student

and a dermatologist trainee with ~6 yearséexperience. Though this reflects various levels of
experience, the influence of this variation is difficult to quantify for the purpose of this study. In

clinical practice the inter-rater difference is likely to be wide given the varying backgrounds of

assessors as well as the pre-existing issues with PASI score reliability (Gourraud et al. 2012).
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There are some limitations of the OLR model. The actual scores for the DLQI and the EQ-5D

were sometimes inconsistent within the same subject e.g. one subject answered 1 on every

EQ5D domain (6éperfect healthé) but 29 on the LC
poor understanding of the items, the reliability or validity of the instruments or due to random

errors. Though these data were included to avoid bias, Van Hout et al. (2012) argue analysis

should be restricted to logically consistent responses. Perhaps including more socio-

demographic variables in the model, other than age and sex, may improve its predictive

performance, though this may result in only marginal improvements that would not outweigh

the complexity of running the model (Gray et al. 2006).

The UK time trade-off (TTO) values were used in the derivation of this model; it is worth
considering that these health states were elicited in 1993 and, therefore, may not be up to
date with current health valuations. Furthermore, no official European TTO values exist for
EQ-5D health states and therefore the UK TTO values were applied throughout the validation
process. Further, sensitivity analysis may be conducted using preference value-sets from
different countries. However, these were not accessible for this study, but would be a useful
consideration for future studies.

Though there may be cultural variation influencing HRQoL and utility responses, it has not

been possible to test this specific question. Experience suggests that within the European

context there is some uniformity of attitudes, cultural norms and responses, as the DLQI has
undergone over one hundred validated translations, with a large number in European

countries (Basra et al. 2008a). However, the methodology remains intact and consistent,

regardless of the TTO values utilised. Though bootstrapping may indeed be the best

approach for testing such models, this would require some additional theoretical

considerations to extend existing methodology for the binary logistic model to the ordinal

setting. This approach was bypassed byus i ng -h@d gl ictr oss validati ono,
technique for large sample sizes (Steyerberg et al. 2001). Nevertheless, this study presents

the opportunity for further statistical research.

There may be concerns regarding the use of these models in different diseases and whether
single disease models would provide more accurate utility data. This study includes a wide
range of the most common different skin diseases from a wide range of different European
countries, giving the models additional strength in terms of universality. However, a model
was successfully derived from the psoriasis-only patients within the larger data set and was

tested on patients with all other conditions, with the predicted results reassuringly similar to

222



the original OLR model validation exercise. Two limitations of this exercise were the sample
size of psoriasis patients, which was relatively small (n=484) and that none of the patients
had answer ed 0§ e x-caredomaniof tie @@Q-50. Given tiseaVefall sample size
from which the OLR model was created, it is therefore plausible that the model may be
implemented successfully across different conditions, limiting the need for condition-specific
modelling, which may be practically difficult to create. Furthermore, numerous models may
result in confusion for researchers, whereas a single tool for utility prediction may prove to be
more pragmatic, user-friendly and accessible. This raises a dilemma frequently encountered
when balancing practicality of a clinical measure against strictly scientific considerations.
There is no point in having a technique that is extremely accurate but which will never be
used in the clinical setting because of the burden that its use involves.

6.2 Future work

The management landscape of skin diseases has been evolving rapidly with the introduction
of biologics over the last two decades (Smith et al. 2020), with patients achieving PASI 75,
PASI 90 and even PASI 100 in some cases (Sawyer et al. 2019). However, these
advancements in clinical outcomes must be matched by improvements in humanistic
outcomes assessment such as QoL to encourage utilisation in the day-to-day care of patients
at a ground level as well as by health authorities. This also would demonstrate a proactive
shift towards successful delivery of a patient-centred care.

It is prudent to have formal guidelines for QoL measurement and reporting to ensure

interventional studies are designed within a framework allowing for efficient comparison of

efficacy leading to generation of sound evidence to aid treatment decision-making. These

guidelines should include suggestions on appropriate QoL measures, frequency of

measurement, MCID consideration as well as reporting standards. Further systematic

reviews would be useful to compare how practices have changed as a result of increased
awareness of QoL measurement variatilobd acaomcsesp
was introduced in this thesis, though further work would be required to explore the validation

of this proposal. The concept of MCID has been scrutinised as it may vary due to context (or

condition), baseline severity, whether there is improvement versus deterioration or the

anchoring method with which the MCID was calculated (Beaton et al. 2002). These limitations

would need to be considered when conducting further validation work with the multiple MCID

as perhaps O6multipleséd may be variable in val
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Whilst electronic implementation continues to be adopted widely, the devices and
methodologies used will inevitably evolve. For example, Reolid et al. (2020) have developed
a method of automatically estimating body surface area affected by psoriasis using an optical
pencil whereby assessors simply draw the affected areas on a touchscreen. This novel
method was shown to be reliable and comparable to the paper-based version of PASI and
may become a natural and more intuitive update to the application described in this thesis.
Digital photography alongside current computing capabilities may allow full body images to be
automatically assessed by a software. Indeed, there is an argument on whether physical
input would be required at all in the near future: the rise of artificial inteligence may
potentially replace traditional formats with PROMs being completed simply by voice
command with the assistance of devices such as Amazon Echo or Google Home (O'Brien et
al. 2020). Such major advancements, or change in format, may necessitate the need for up-
to-date validation and re-testing of PROMSs to not only improve upon user-experience, but to
ensure QoL measurement remains as relevant and central to all future clinical decisions.
More likely, entirely novel methods of assessing diseases and their impacts on patients may
evolve, rather than current methods being transferred to a different medium.

The mapping study resulted in the creation of a spreadsheet, which may be utilised by health
economists and HTAs. At the time of writing this thesis, the spreadsheet has been requested
at least ten times by researchers and industry representatives across the world. However, it
would be interesting to compare the actual and estimated values on a completely different
patient dataset (such as BADBIR) as well as individual skin conditions to further validate its
reliability. The final model maps DLQI scores into EQ-5D domain scores with gender and age
as extra variables. The inclusion of additional variables may further increase reliability of the
model. Further refinement of the model software would make it more intuitive to use and
derive utility estimates with fewer required steps. Nevertheless, whilst mapping is not ideal, it
may be the ideal option to derive disease-specific health economic data. The next challenge
will be to develop mapping techniques that can be applied to scores from individual subjects
rather than simply to population cohorts.

6.3 Conclusions

Despite the aforementioned limitations, all three studies of this thesis are intended to improve
and advance the role of QoL assessment in people with psoriasis. There is no doubt that
psoriasis is a severely debilitating and chronic condition that patients often live with life-long.

However, assessment of clinical parameters solely is not enough for appropriate long-term
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controlof psoriasisor f or wunder standing its I mpact on pat
prudent to raise awareness of QoL impairment as a consequence of suffering from psoriasis,
but to be able to capture this impairment in an efficient manner and translate the results into
meaningful information for clinicians and health authorities with an ultimate goal of improving
patientsd physical and psychosocial functional

This thesis is the culmination of three extensive studies that have worked in harmony to
address existing deficiencies in QoL assessment across the care pathway. More importantly,
it offers valid solutions for those shortfalls by improving upon the understanding and
implementation of QoL measurement in the management of psoriasis. It is hoped this work
will form the foundation for future research to develop the field of quality of life sciences
thereby ensuring patients continue to remain at the centre of clinical care decisions.
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Planners of interventional studies in psoriasis face the dilemma of selecting suit-
able quality-of-life (QoL) measures. Systematic reviews have the potential of
identifying psychometrically sound measures in a given therapeutic area, while
guiding the development of practice guidelines. The aim of this systematic
review was to generate evidence of the use of QoL instruments in randomized
controlled trials (RCTs) for interventions in psoriasis. The methodology followed
the PRISMA guidelines. Six databases were searched with 388 search terms.
Abstracts of articles were reviewed independently by two assessors, and a third
adjudicator resolved any opinion differences. Risk of bias was assessed using the
Jadad scale. Of 3646 screened publications, 99 articles (100 trials) met the eligi-
bility criteria for inclusion, describing research on 33 215 patients. Thirty-three
trials tested topical therapy, 18 systemic, 39 biologics, nine phototherapy and 10
other interventions. The Dermatology Life Quality Index (DLQI) was the most
commonly used QoL instrument (83 studies, 83%), followed by the 36-Item
Short Form Survey (SF-36) (31, 31%), EuroQoL-5D (EQ-5D) (15, 15%), Psoria-
sis Disability Index (14, 14%) and Skindex (five, 5%). There was widespread
inconsistency in the way that QoL data were reported. Of the 100 trials identi-
fied, 37 reported minimal clinically important difference (MCID): 32 for DLQI,
10 for SF-36 and six for EQ-5D. QoL measurement is increasingly being reported
in RCTs of psoriasis. Formal guidelines are needed for assessment and publishing
of QoL data. Researchers should consider whether MCID information is available,
and development of MCID data should be encouraged.

What’s already known about this topic?

® Psoriasis significantly impacts quality of life (QoL) in patients.

e Generic, skin-specific and disease-specific instruments are used in psoriasis inter-
ventional studies.

e In psoriasis randomized conwolled wials (RCTs), biologics are the most researched
interventions for which QoL is reported.

What does this study add?

e The most commonly used QoL instruments in psoriasis RCTs are the Dermatology
Life Quality Index, 36-Item Short Form Survey and EuroQol-5D.
® There is an increasing use of QoL instruments in RCTs in psoriasis.
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reported.

reporting.

e The minimal clinically important difference of QoL measure scores is under-

e There is inconsistent reporting of QoL data and a need for guidelines when

From the perspective of the patient with psoriasis, quality-of-
life (QoL) improvement is as important as improvement in
clinical signs.l Health-related QoL instruments are increasingly
used as outcome measures’® in assessing interventions.*”
Types of health-related QoL instruments used include generic,
specialty-specific and disease-specific measures; specific tools
are perceived as more relevant and thus preferred by
palients8

Previous reviews have examined the impact of psoriasis
interventions on QoL.”'* De Korte ¢ al.” reviewed QoL data
with clinical and demographic correlations. Kitchen et al.'®
carried out a systematic review of patient-reported outcome
measures and evidence of their validation in psoriasis. These
reviews underscored the value of QoL measurement in psoria-
sis. However, we need to understand how QoL has been
reported in previous wrials; a comprehensive review is needed
of the use of QoL instruments in randomized controlled wials
(RCTs) for interventions in psoriasis.

The aims of this systematic review were to identify RCTs of
therapies in psoriasis that have assessed QoL, and to evaluate
patterns of utility and reporting of QoL data. This systematic
review should reveal how QoL instuments have been used
across therapeutic trials, including consideration of the mini-
mal clinically important difference (MCID), frequency of mea-
surement and sensitivity to change. The review may be useful
for those who wish to understand the patterns of use of QoL
measures in interventional trials for psoriasis.

Materials and methods

Data sources

We searched six computerized bibliographical databases up to
November 2014: Cochrane Library CENTRAL, MEDLINE,
MEDLINE In-Process & Other Non-Indexed Citations, Embase,
Web of Science Core Collection and Scopus. The search was
restricted to publications in English and was conducted using
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Prospero registration no.
CRD42015009193).

Keywords were formulated using Scottish ntercollegiate
Guidelines Network and Cochrane search filters for RCTs, and
ScHARR search filters for QoL. Keywords for psoriasis treat-
ments were developed through a pilot search of other system-
atic reviews on psoriasis treatments and of the British National
Formulary. The search filters used are given in Appendix SI
(see Supporting Information). We ran supplementary searches
and reviewed trial registers and grey literature. Reference lists
of all included swdies and of recent reviews were also
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assessed. Electronic publications in advance of print were also
included.

Selection criteria

We included RCTs of any psoriasis treatment using at least
one QoL instrument in adults (aged > 18 years) with psoria-
sis, of either sex and of any ethnicity, including all subtypes
of psoriasis. Psoriatic arthritis wials were included only if a
skin-specific QoL instrument was used to differentiate QoL
impairment for arthritis from that of psoriasis.

Exclusion criteria

The exclusion criteria for the systematic review were as fol-
lows: psoriatic arthritis studies where it was not possible to
differentiate data on QoL impact of arthritis from QoL impact
of psoriasis, studies that included any patient aged < 18 years,
and articles where the change in QoL values could not be reli-
ably calculated (including graphical representation). For con-
sistency, QoL data presented only as subscales, where total
scores are usually calculated, were excluded. Abswracts and
posters where further data were not available upon contacting
the author were also excluded.

Outcome measures extracted

Primary outcomes recorded included the QoL inswrument
used; scores at baseline, treatment and follow-up end points;
and change in QoL atrributed to treatment. For studies with
an open-label extension, the data were extracted only for the
period of the study while it was randomized and controlled.
For crossover trials, the data were exwacted prior to the
crossover.

Secondary outcomes were Psoriasis Area and Severity Index
(PASI) score or any other psoriasis severity scale used.

Data extraction and synthesis

Two reviewers (FM.A. and A.C.C.) extracted data indepen-
dently from all eligible published studies, discussed any dis-
agreements and, if necessary involved a third reviewer
(AAA) for resolution. We adapted a form, which included
the Cochrane Risk of Bias tool, for recording data'* that
included study design, details of administration, methodologi-
cal quality and duration of treatment and follow-up. Article
quality was quantitatively rated using the Jadad score."®

We recorded PASI or any other psoriasis severity scale and
all QoL data including the baseline, treatment and follow-up
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