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Introduction
Organ transplantation is the treatment of choice for patients with end-stage solid-organ
disease [1]. The effectiveness of solid-organ transplantations can be assessed not only
through the use of clinical outcome measures, such as survival and organ function, but
also through patients’ perceptions of their health status, considered as a measure of
outcome effects and expressed as health-related quality of life (HRQoL). Regulatory
agencies, such as the US Food and Drug Administration and the National Institute for
Health and Care Excellence in the UK, actively encourage the recording of HRQoL
measurements to supplement conventional clinical assessments [2, 3]. HRQoL is a
particularly important measure for quantifying the outcomes of a treatment, comparing
two or more distinct health-care interventions, developing or implementing therapeutic
programs, and assessing a patient’s response trend relating to a treatment over time.
HRQoL measurements also yield information about the range of problems that affect
patients from their own perspectives and can facilitate shared decision-making
regarding treatment goals.

Patient centeredness
In the past, the incorporation of patients’ views in research on health-care practices was
uncommon; health-care providers usually determined which treatment outcomes were
appropriate for patients. Currently, patients’ participation is more central within the
process of providing health care. In other words, a patient-centered approach is
increasingly replacing the conventional physician-centered approach. Patient-centered
care focuses on the patient and the individual’s health-care requirements, with the goal
of empowering patients to become active participants in their care [4]. When a
patient-centered care strategy is applied, an individual’s specific health-care
requirements and desired health outcomes shape the majority of health-care decisions.
The conventional physician-centered approach is increasingly giving way to a
patient-centered approach as well as to increasing patient involvement and better
patient advocacy, which serve as guiding principles at many levels of health care.

PROMs and the TXP
Different domains of health (mental, social, and physical) can be operationalized
conceptually, for example as fatigue or as pain. Because patients/patient groups differ in
many respects, each individual or group evidently values these concepts differently.
Different instruments are therefore required to cover the wide range of concepts and the
varying importance attached to them. Instruments that provide information obtained
directly from patients that focus on how they function or feel regarding their health
conditions are known as HRQoL patient-reported outcome measures, or PROMs [5, 6].

PROMs are designed as either generic or domain/disease-specific instruments.
Generic PROMs can include several specific HRQoL domains, which could consist of
items such as physical function, pain, depression, or anxiety [7]. The advantage entailed
in these PROMs is that they enable comparisons to be made between and within
various populations and interventions. Domain-specific PROMs can be used to assess
the concepts that are specifically related to a given disease or intervention. These
PROMs enable the detection of even small differences and alterations in health or
functional status within a specific health domain or group of patients. To date, several
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PROMs have been developed and applied. However, no single PROM exists that can
serve as a “gold standard” for measuring HRQoL in all patients [7].

New developments in computer science and technology could contribute to
improving existing PROMs. Electronic tools developed to track patients’ conditions are
becoming increasingly powerful and prevalent. Electronic PROMs (ePROMs) have been
proposed as an improvement over paper-based data collection [8]. In their report, the
International Society for Pharmacoeconomics and Outcomes Research PRO mixed
modes good research practices task force made the following observation: “[The]
advantages of using electronic data collection include less subject burden, avoidance of
secondary data entry errors, easier implementation of skip patterns, date and time
stamping, reminders/alerts, edit checks, and more accurate and complete data” [9]. In
addition, more precise measurements can be obtained by applying novel interactive
methods in an electronic context.

In this thesis, our focus was on solid-organ transplant recipients. As part of our study,
we evaluated the HRQoL of a group of lung transplant recipients who participated in a
cohort study. Two generic PROMs (the Nottingham Health Profile and the visual analogue
scale) and two domain-specific PROMs (the Zung Self-Rating Depression Scale and the
State-Trait Anxiety Inventory) were used. We found that there was a drastic improvement
in the organ recipients’ HRQoL for all domains immediately after the transplantations.
This improved level of HRQoL remained constant throughout the follow-up period of our
study.

Our comparative analysis of the findings of similar studies revealed that in most of
the studies conducted on lung transplant recipients that included HRQoL measurements,
generic or domain-specific PROMs had been used that were not specifically designed for
recipients of solid organs. We next conducted a scoping literature review by broadening
our literature search to include other solid-organ recipient studies. This review yielded
similar results. These findings prompted us to formulate the main aim of this doctoral
thesis, which was to develop a new transplant-specific ePROM for solid-organ recipients
(Transplant ePROM: TXP).

We conducted a scoping review of the literature, aimed at identifying all of the
PROMs applied within the population of solid-organ recipients. The findings of our
review revealed the application of 43 transplant-specific PROMs. Although many
different transplant-specific PROMs have been developed, only a few studies have
entailed the application of these types of PROMs for measuring the HRQoL of
solid-organ transplant recipients. There are several possible reasons for the low usage
of existing transplant-specific PROMs. First, transplant-specific PROMs are relatively
new compared with commonly applied PROMs that are not transplant-specific. Second,
the application of transplant-specific PROMs restricts comparability across studies with
other populations. Third, the implementation of most of the available transplant-specific
PROMs entails a lengthy process, which limits their appeal in studies and clinical
settings, especially those that require repeated measurements. Fourth, the majority of
the existing transplant-specific PROMs are health profile instruments (traditional
questionnaires) that cannot be used to generate a single metric score for HRQoL.
Consequently, an optimal TXP is one that is easy and quick to administer, thus
addressing the above noted issues.
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Development of the TXP: selection of health-related items
One of the most challenging tasks entailed in the development of a PROM is to determine
which health-related items should be incorporated for capturing an individual’s state of
health [10]. Health-related items reflect a characteristic or feature of health. To ensure
that measurements in the field of solid-organ transplantation are sensitive and valid, it is
essential that the items in the TXP cover health aspects that are relevant to solid-organ
recipients. The selection of these items can be performed in a top-down or a bottom-up
manner. A top-down approach is one in which items are generated on the basis of an
extensive review of the literature, expert opinions, and existing PROMs. A bottom-up
approach entails the use of methods for selecting health-related items that are based on
qualitative information, that is, opinions gathered from the individuals concerned and the
population of interest [11]. The latter approach was of particular importance because our
aim was to involve patients during all of the phases of developing the TXP. We applied
a combination of top-down and bottom-up approaches to ensure coverage of existing
sources and patients’ preferences when selecting items for the TXP.

We applied a broad search strategy within our scoping literature review that led to
the identification of 8,013 distinct articles that had been published up to 2018. Next, we
extracted 576 health items from these PROMs. After irrelevant health items had been
eliminated and health items expressing similar concepts had been merged, 78 distinct
health items remained. We next held focus group discussions with organ recipients and
administered an online survey to elicit their inputs for the selection of health items in the
TXP. Ultimately, nine health items were chosen for inclusion in the TXP.

Development of the TXP: the framework
Various frameworks have been applied in the development of PROMs. When HRQoL
needs to be compared across various populations, or when economic evaluations of
different medical treatments are required, the use of preference-based PROMs is
appropriate. The measures used in these PROMs explicitly incorporate weights that
reflect the perceived importance of specific health items. These PROMs differ from
others in that they generate a single value that expresses the evaluation outcome [12].
This value is denoted by a metric number on a scale extending from the worst to the
most optimal health condition (full health). To calculate this value, a weight is obtained
for each level of the health items.

Conventional methods used to obtain the weights of health items are usually derived
from health economics (e.g., standard gambles and time trade-offs). These economic
methods entail the use of hypothetical health states that are assessed by a sample of
(overly healthy) members of the general population. Because healthy individuals
possess inadequate information regarding the specific health state being evaluated and
have not personally experienced it, it seems logical to assume that they are not the most
appropriate evaluators for assessing the impacts of health states on patients [13].
Moreover, these economic methods are prone to various documented biases [14]. The
multi-attribute preference response (MAPR) is a new model for measuring HRQoL that
has been developed to overcome most of these limitations [15, 16].

MAPR is a novel method for calculating the values of health conditions based on the
principles of the Rasch model (an item-response theory model) [17]. In this model,
patients first define their own health states. Next, they perform some trade-off tasks,
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comparing their own health states with a number of others. This is an interactive task
that is performed using an electronic device. Accordingly, we collected data from
transplant recipients using the HealthSnApp©TM [18]. This app, which includes
interactive software routines [19], enables the operation of the MAPR model. In an
online study conducted during the process of developing the TXP, solid-organ recipients
first ticked nine boxes representing the final nine health items of the TXP that best
reflected their current health status. Subsequently, they were presented with slightly
different health states and asked to determine whether these alternative health states
were better or worse than their own health states. This task is an essential component
of in this preference-based methodology, wherein individuals are asked to indicate their
preferences for various health states.

The TXP
The TXP contains the following nine health items: fatigue, skin, worry, self-reliance,
activities, weight, sexuality, stooling, and memory. Each health item has four levels
ranked according to their severity. For example, the levels for activities are “no problems
with activities,” “some problems with activities,” “moderate problems with activities,” and
“severe problems with activities.” Two items (skin and self-reliance) included different
levels that were not ranked according to their severity (Figure 1).

HealthSnApp was developed to enable the TXP to be administered using personal
computers, tablets, and mobile phones. When users (i.e., transplant recipients) click on
an interactive box for a specific health item, the box rotates, displaying the response
options. For instance, when the box labeled activities is clicked on, the box rotates,
displaying the response options for four levels of activities. After respondents have
selected a response option for each of the nine health items, a value for their health
states, comprising nine digits (e.g., 131241324), is obtained, which provides an overall
description of their HRQoL. The value of each health state is calculated as the sum of
the estimated weights for each level of health items.

The TXP differs in a number of ways from existing PROMs that have been used
with transplant recipients. Notably, the identification and selection of its content is largely
based on patients’ input. We involved transplant recipients at several points in the process
of identifying health items for the TXP to ensure that we did not miss any important
health items. Transplant recipients were also involved in the final selection of nine health
items for the TXP. These nine distinct health items in a TXP provide a description of a
transplant recipient’s health status, which can be used to calculate a single value for the
patient’s HRQoL. By contrast, almost all of the existing transplant-specific PROMs contain
a larger number of items, making their application time consuming and inconvenient for
the respondents.

The measurement procedure used in the TXP comprises two steps: patients describe
their own health conditions and then perform preference assessments. The precision
of the estimated values increases with a larger sample of responding patients. This
is because the application of this framework, combined with the interactive nature of
the digital TXP (which is an app), enables the coefficients corresponding to each level
of the different health items to be updated after the app has been used by each new
respondent. The information generated by the new respondents is then used to obtain
a more precise value. This instrument is the first PROM to measure the current health
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Figure 1. The nine items of the TXP, each with four levels, as depicted in the HealthSnApp (mobile application).

state of respondents while simultaneously generating the weights of health items. The
novel measurement framework of the TXP is being used to develop PROMs for infants
and to assess chronic pain, and general health states [20-22]. The mixed model that was
used in this doctoral research project to develop the TXP can be used by other research
groups in the future to develop patient-centered and preference-based PROMs for other
groups of patients.

Our experience
As discussed in the third chapter of this thesis, there was an improvement in the HRQoL
of lung recipients after transplantation, resulting in comparable HRQoL to that of
members of the general population. This improvement in HRQoL has also been
observed and reported in previous studies [23, 24]. When we administered the TXP to
solid-organ recipients, we obtained similar findings. In general, solid-organ recipients
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reported high levels of HRQoL and chose level 1 (i.e., no problems) for most of the TXP
items. The problem that was most commonly reported by transplant recipients was
fatigue. A feeling of almost constant tiredness and difficulty performing simple activities
are among the most common post-transplant problems reported in several
studies [25-28]. This could be attributed to the side-effects of the immunosuppressant
drugs given to patients or to muscle weakness caused by the lack of movement during
the pre-transplant period. However, in general, the level of fatigue reported was
relatively mild; only about 20% of TXP respondents chose level 3 or 4 to describe their
fatigue levels.

Another interesting finding of our study was that in the comparative evaluation entailed
in the second task, 74.5% of TXP respondents indicated that their own health states
were better than the other hypothetical health states presented in the task. Logically,
respondents would, on average, be expected to report that their own health states are
better than the other described states in half of the comparisons. As the sixth chapter
has shown, prospect theory may account for the actual finding [29]. This theory suggests
that people make decisions based on the potential gains or losses relative to their specific
situations rather than making decisions based on absolute terms. If the absolute values
of gaining and losing are equal, then individuals will perceive the magnitude of the loss
to exceed that of the gain.

The application of this theory to our study suggests that individuals generally feel
worse when they are confronted with a decrease in one health item and an equivalent
increase in another item. Thus, during the second task in the TXP, there would
(probably) have been a false tendency for respondents to prefer their current health
state in the comparative evaluation. We propose a new approach to overcome this
asymmetry in the comparison of paired health items. This alternative approach also
comprises two tasks. The first task remains the same as the one described in our study:
the respondents specify their current health state. However, in the second task, the
respondents indicate which of the health items presented to them hinders them the
most. For each level of a selected item, the level of this item will be substituted by the
level below it (an improvement). This task can be repeated a couple of times (Figure 2).

Conclusion
The TXP is the first patient-centered ePROM to be developed specifically for measuring
HRQoL in transplant recipients. This PROM enables HRQoL in different solid-organ
recipients to be assessed and generates a single overall value for their current health
status. It applies a novel measurement methodology and is simple and quick to
implement. The TXP adds important information to the data that is traditionally collected
during post-transplant care. Its items have been derived through the direct involvement
of transplant recipients, thus reflecting their perspectives. Further work will entail an
investigation of the practical issues that arise in the implementation of the TXP within
clinical practice and in the interpretation of the results.
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Figure 2. The prototype of TXP which will be used in the measurement routine of the HealthSnApp mobile
application.
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