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LAY ABSTRACT

This project hopes to identify the responsiveness of the Patient Reported
Outcomes, Burdens, and Experiences (PROBE) Questionnaire. The responsiveness of a
questionnaire is its ability to detect a change in health status when one has occurred. In
order to measure whether PROBE can detect these changes, participants living with
hemophilia A or B will be asked to fill out the questionnaire, as well as a few questions
aimed at determining if their quality of life has changed, after they have a bleed or a
surgery, as well as after 6 months. Collecting this information will help us understand
how much the PROBE score needs to change in order for patients to consider a small but
important change in health to have occurred. This will help with interpreting the PROBE

score, which could then be used in research or in hemophilia clinics across Canada.



ABSTRACT

BACKGROUND. The study of patient reported outcomes (PROSs) has seen an
exponential increase in recent years. In order to be useful in practice, PRO questionnaires
should be evaluated for validity, reliability, and responsiveness. Responsiveness, which
assesses a questionnaire’s ability to capture changes in quality of life (QOL) when they
occur, has not formally been evaluated in hemophilia-specific questionnaires.

PRIMARY OBJECTIVE. To evaluate the responsiveness of the Patient Reported
Outcomes, Burdens, and Experiences (PROBE) questionnaire in individuals living with
hemophilia A or B following events of interest.

SECONDARY OBJECTIVES. To evaluate the responsiveness of PROBE over periods in
which no events occur. To explore the use of regression analysis in aiding interpretability.
To assess the presence of response shift in the study population.

METHODS. Participants will be asked to complete PROBE, as well as questions
indicating changes in QOL, following a bleed or surgical intervention, and every 6
months. Responses will be evaluated using anchor-based and distribution-based
approaches.

OUTCOMES. Minimally important differences (MIDs) and minimally detectable
changes (MDCs) will be calculated, graphically represented, and compared to determine a
single or small range of MID values.

STUDY IMPLICATIONS. Understanding responsiveness will provide increased
interpretability of PROBE scores. Using an MID value, one can be confident that a

change in PROBE score greater than the MID is beyond measurement error and indicates



a change in QOL. This will allow for the use of PROBE in future research trials of drug
effectiveness and can offer patients’ perspectives on their changes in QOL when
switching to novel therapies. In addition, physicians may be able to use PROBE as a
method of tracking and better understanding changes in their patients’ health statuses in

the clinical setting.

vi



ACKNOWLEDGEMENTS

This thesis could not have been completed without the help of some incredible people that
| have had the pleasure of knowing. For that | am grateful.

A sincere thank you to my thesis committee- Dr. Alfonso lorio, Dr. Pasqualina
Santaguida, and Dr. Lehana Thabane for the insight and suggestions that have shaped this
thesis into what it is. An additional thank you for the patience throughout this project and
for continuing to believe in me.

To my family and friends who have been an incredible source of strength throughout this
degree, 1 am honoured and humbled knowing | have such an incredible support system in
my life. Thank you.

Vii



TABLE OF CONTENTS

LAY ABSTRACT .ttt ettt sttt st b e s he et s bt e at et e sbt et e sbeeatesbesatenbesbeenbesbeeneans iv
ABSTRACT ettt ettt h et bt et e bt e ht e b e s bt et e bt e at et e she et e ebeeht e be bt et e s bt eatents v
ACKNOWLEDGEMENTS ..ottt sttt et sae e st st st e beesaeesaees vii
TABLE OF CONTENTS . ...ttt ettt ettt et st st ettt e bt e sbe e st eateenee s viii
LIST OF FIGURES AND TABLES....... oottt ettt sttt st s ene s xi
LIST OF ABBREVIATIONS ...ttt sttt ettt et b st sbe et sbe st enae s Xii
DECLARATION OF ACADEMIC ACHIEVEMENT .....coiiiiiiiiinieeeeeeesee e xiii
1.0 BACKGROUND ..ottt sttt ettt et s ae e st et esbe e sbe e saeesabe e b e e nbeenns 1
1.1 Patient RepOrted OULCOMES. ......c.covirieieieiieieeiert ettt sttt be b e s e 1
1.2 QUESLIONNAITE EVAIUALION ......ccviiveeeieiieeieiesteeese ettt ettt e ste e s sseensesneeneas 2
1.3 RESPONSIVENESS ....cuveveeereieeteeiesteeeesteeteetesteeseestesteetesseessebesssessesseessessesssessesteensensesssassesseeneas 4
L4 HEMOPNITIA. ...c.viieieiecieeeee ettt ettt et e s be et e s te e e e besaseaesbeensestesrnens 11
1.5 Patient Reported Outcomes, Burdens and Experiences (PROBE).........ccccooveveveiveciesieennnns 13
2.0 STUDY FLOW ..ottt ettt ettt st ettt ettt st sste e be e sbe e saeesatesabesnbeesseesaeesanesnseensenn 15
3.0 STUDY PURPOSE........cooititeitenteterttete sttt ettt sttt bbb et s st et sbeeteseeeneens 16
3.1 Phase 1: DeIPhi STUAY .....ccveeeieieriieieseeeee sttt sttt sseebesneensesneeneas 16
3.2 Phase 2: PHOL STUAY .....ceevieeieiecieeec ettt sttt ettt st ae st e ebe e besreensesbeennas 16
3.3 Phase 3: MAIN STUAY .......ccuieuieieiiieeceeeee ettt sttt e s be e e st e ebe e besbeensesbeennas 17
3.4 Phase 4: DeIPhi PANEI .....c..ocueeiiieieececee ettt ettt sttt st 19
A0 METHODS ...ttt s b et bt et e s bt et e bt s bt et e s b e ebe et e saeeneenbeeanan 19
4.1 Phase 1: Delphi PANEl ........coouioeieiiiciee ettt sttt st 19
4.2 Phase 2: PIlOL STUAY .....ocveeeeeiicieeseetee sttt sttt s re e be e saesneennas 20
4.3 Phase 3: MaIN STUAY ....cceeueeiiieieeiecieeiece ettt ettt s be e e st e et e besbeesaesbessnebesbeennas 21
G IS 0 [0 |V I =T o [ SRR 21
4.3.2 INCIUSTON CIITEIIA. c....evieiietieieeteste ettt 21
4.3.3 EXCIUSION CFILEIIA ...vcuvveiitiieieieietetet ettt st 21
4.3.4 RECTUITMENT ...ttt st nae e 22
4.3.5 Data Collection TIMElINE ........cceiriiiniiiicicctc et 22
4.3.6 1tems FOr CONECHION ....c.eriiiiieteccce e 23



£4.3.7 THE PROBE APD.vvveoreeereeeereeeeeeeeeeeeseessseessssssseesesssssssssssssssssseesssssssseessssssssseesssessseens 25

4.4 Phase 4: DeIphi PANEI .........oouiivieieecee ettt sttt et 25
5.0 DATA ANALYSIS .ttt sttt et e be e st e st st e et e bt e saeesatesateeneeas 27
5.1 Phase 1: Delphi PANEI ......c..oovoiiiiiereseeeee et 27
5.2 Phase 2: POt STUAY ...c..ovueieieieiieeseseseee ettt s 27
5.3 Phase 3: MAIN STUAY ......cecuieueeiiiiieiese ettt ettt st sttt sre e e st era e besreensesraennas 28
5.3.1 PrIMAIY ANAIYSIS....cviiieiiitieeeite sttt sttt e te st et ste e e bessa et e sbeessesteereeseereenes 29
5.3.2 SECONAAIY ANAIYSIS......eceiiieieiiecteeec ettt ettt be et be e et s re et esteereebesanenes 31
5.3.3 SUDGIOUP ANAIYSIS ...ttt 33

5.4 Phase 4: Delphi PANEI ......c.oviieiiiieseseeee et 33
6.0 DESIGN JUSTIFICATION ...ttt ettt sttt ettt st st sbe e sae e st snee s 33
6.1 Phase 1: DeIPhi PANEI .....c..ocueeiiieeieeeee ettt sttt st 33
6.2 Phase 2: PO STUAY .....cveviieieieieeec ettt ettt eba et sraeaesreennas 34
6.3 Phase 3: IMAIN STUAY .......oouiiuieiiiiieieceeeee ettt st ettt et s be e st eebe e besbeentesreeneas 35
6.3.1 STUAY DESION ...ttt ettt ettt b e bbbttt ese b sae b e 35
6.3.2 INCIUSTON CIITEITAL....c.eiveiiitiiciei ettt e 36
6.3.3 EXCIUSION CIIEITA ...eeveuieeiieteieeetet ettt 37
6.3.4 Data Collection TIMEIINE .......cceiriiirieireere e 37
6.3.5 DAta ANAIYSIS ....ecueeiectieiece ettt sttt sb et e e be b et e e re e beereennas 38
6.3.6 SUDGrOUP ANAIYSIS ...c.veeieieeieiieeiete sttt see et et e e e st e sreesesreeseesesseensesseeneas 41
6.3.7 Anticipated Results and INterpretation...........cceveeceerieeerieseesese e 43

6.4 Phase 4: DeIPhi STUAY .....ccuieeeieiieereeeee ettt sttt s besne e e sneennas 45
T.0POSSIBLEHARMS ...ttt ettt e b e sttt et et e s bt e saeeeateeneeas 45
7.1 Phase 1: DeIPhi STUAY .....ccueeuieieiieeee ettt st et ae st 45
7.2 Phase 2: PHOL STUAY .....oeieieeieceeceece ettt te ettt et ba e ba e s ateeareenren 46
7.3 Phase 3: MAIN STUAY .....ceouieieieiieiesieeeee sttt te et e st e teesaebessaensesneeneas 46
7.4 Phase 4: DeIPhi STUAY .....ccvievieieieeeseeeee sttt st st et besreentesneeneas 47
8.0 POSSIBLE BENEFITS.... .ottt ettt sttt st st sttt sbe et see e 47
8.1 Phase 1: DeIPhi STUY .....ccuoeuieieiieee ettt ettt ettt 47
8.2 Phase 2: POt SLUAY .....eecueeeieeieccee sttt te ettt e be e ba e saeeenreenren 47



8.3 Phase 3: IMAIN STUAY .......ccuveuieiiiiieiece ettt sttt ettt e bt e s e besreenresreennas 47

8.4 Phase 4: DEIPi STUAY .....ccvecueeieieeececeeese ettt ettt ra et s re e raeanas 48
9.0 ETHICAL CONSIDERATIONS ... .ottt ettt ettt st sttt ettt s 49
LO.0 FEASIBILITY ettt ettt et b e st st sttt be e s bt e s bt e sat e e be e beesbeesaaesatenas 50
L1.0 LIMITATIONS ...ttt ettt et e b e st st sttt e bt e s bt e s bt e sat e sabe e beesbeesaaesatenas 51
12.0 STUDY IMPLICATIONS ...ttt ettt et sttt st bbb b 53
13.0 REFERENGCES ...ttt h ettt b e st b et sae et sbe et e besae e 54
APPENDIX A- DISTRIBUTION-BASED FORMULAS.........coiiiiteeeeeeneeee e 60

APPENDIX B- MEASUREMENT PROPERTIES OF HEMOPHILIA QUESTIONNAIRES.... 61



LIST OF FIGURES AND TABLES

Figure 1 Global Health Rating QUESLION ..........cccueiiiieiieie e 6
Table 1 General overview of study ODJECLIVES.........cccecveviiieiiccece e, 18
Table 2 Timeline of items t0 be COlECted. ..........coiiiiiie e 24
Table 3 Data analysis plan for primary 0bJectiVe ..o 30
Table 4 Data analysis plan for secondary 0BJECHIVE..........cccooiiiiiiiiic e, 32
Table 5 Measurement properties of hemophilia QUESLIONNAITES ...........ccccereriiiiiiieienn, 61

xi



LIST OF ABBREVIATIONS

CBDR: Canadian Bleeding DiSOrders REQISIY .......c.ccceiveieieerieiieieesie e e esie e 14
ES: EFECE SIZE ottt 8
MDC: Minimal detectable Change .............oovoii i e 8
MID: Minimally important difference ...........cccooveieii i 7
PRO: Patient reported OUICOMIE........ccuviieiieiie e ettt ste e ie et e e sae e e e e 1
PROBE: Patient Reported Outcomes, Burdens and EXpPeriences........c.cccevveververivenenne 13
QOL: QUAITEY OF TITE...ccueeiee et b e nreas 4
SEM: Standardized error Of the MEASUIE .........cuviiiiiiierie e 8
SRM: Standardized reSPONSE MEAN ........cciiiiirieieieriese ettt 8

xii



DECLARATION OF ACADEMIC ACHIEVEMENT

I, Victoria Zuk, declare this thesis to be entirely my own work. The following document
was developed, prepared, and written by me, with the guidance of my supervisor, Dr.
Alfonso lorio, and my thesis committee. This document has not been submitted for

publication for a higher degree at another institution.

Xiii



M.Sc. Thesis — V.Zuk ; McMaster University — Health Research Methodology

1.0 BACKGROUND

1.1 Patient Reported Outcomes
Patient reported outcomes (PROs) are measures that are reported by patients

themselves. A typical example is pain, as reported on a numerical scale. Clinical
outcomes are instead measured by researchers, as range of motion of a joint. Both clinical
and patient reported outcomes can be further defined as patient relevant (as death, or
capacity to work) or weak, surrogate (as a laboratory measurement, or self-define
knowledgeability). The study of PROs has seen an exponential increase in publications,
and has been increasingly used in guidelines, as outcomes in various studies, and is being
considered for drug approvals and quality improvement initiatives.>> PRO measures aim
to collect a patient’s account of their experiences living with a disease and its associated
treatments without interpretation by a clinician or third party.>* Many important aspects
of living with a condition cannot be measured without direct patient input as they are
often based on what is experienced in day-to-day life.! Symptom presence, frequency,
and severity (e.g. pain), impact of the condition on daily activities (e.g. loss of mobility),
or patient perceptions and opinions (e.g. treatment satisfaction) can all be better
understood by collecting PROs.! PROs have provided a unique approach to gaining a
more holistic understanding of diseases and their associated treatments, and can be

especially helpful when used in combination with clinical outcomes.*
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1.2 Questionnaire Evaluation
Some PROs can be simply assessed with a Likert scale, like pain on a numerical

or visual analog scale.* However, many PROs are measured through structured
questionnaires. In order to be useful in practice, questionnaires should undergo evaluation
of their measurement properties, such as validity and reliability. PRO questionnaires
make no exceptions. Reliability is a term used to define a questionnaire’s consistency and
ability to provide stable results.®’ Test-retest reliability examines the stability of
responses from the same individual at two separate time points.l'®’ These time points
should be set close enough as to not have a change in health status between responses, but
far enough to limit memory of previous responses.>® A reliable questionnaire would
demonstrate stability in responses across the two collection points. Internal consistency
evaluates the stability between different items in a questionnaire that aim to evaluate the
same concept.” If responses to different questions examining the same construct are

highly correlated, the questionnaire is said to have high internal consistency.

Validity, on the other hand, focuses on whether a questionnaire is evaluating what
it is meant to evaluate.>%’ The most basic measure is face validity, which focuses on the
“face value” of the associated questions, and whether they appear to be evaluating the
concept in question.®’” Content validity aims to determine whether the questionnaire
adequately evaluates the entire range of aspects within the topic at hand.®’ For example, a
questionnaire aimed at evaluating depression should cover all aspects of depression,
including the emotional, cognitive, and physical components of depression. This often

requires the input and opinion of experts in the given field.® Construct validity also aims
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to determine whether the PRO evaluates the constructs it was designed to evaluate, but
concerns itself with setting and testing hypotheses.™"® This may include evaluating
internal relationships, evaluating validity across a variety of groups (e.g. different
languages or cultures), or comparing the PRO in question to other related instruments.’
Construct validity can be tested by assessing whether the PRO at hand correlates with
another instrument that looks at the same construct or with real-world performance.®
Indeed, many of these hypotheses will address other types of validity at the same time.®
Criterion validity aims to compare the novel tool with another validated measure, often
the “gold standard”, in order to examine its adequacy in evaluating the concept in
question.®” Concurrent validity is similar, but instead assesses the correlation between
the questionnaire being evaluated and other similar measures.® This can include any
measure attempting to assess the same constructs and does not necessarily need to be the
gold standard. Discrimination is another aspect of PRO evaluation that should be
considered. Discrimination examines the questionnaire’s ability to distinguish responses
provided by different groups of people.®® Importantly, the questionnaire should be able to
discriminate between individuals with different health statuses, such as varying disease
severities.® Those PROs that cannot discriminate between important groups may be

limited in their value in clinical settings.
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1.3 Responsiveness
In addition to assessing a questionnaire’s reliability and validity, there are other

important measurement properties that should be considered. One such characteristic is
responsiveness, which aims to evaluate a questionnaire’s ability to detect a change in a
measure when one has occurred.”'° As mentioned earlier, discrimination aims to evaluate
differences in scores between two individuals with different health statuses.®
Responsiveness on the other hand, looks at the change in health status of one individual
over time.1? This characteristic has been identified using other names, including
sensitivity to change or longitudinal validity, but the term responsiveness was suggested
in order to avoid confusion with diagnostic sensitivity and other measurement
properties.** The literature on this topic provides a variety of definitions, methods, and

statistical approaches to evaluation of responsiveness.%t

Both cross-sectional and longitudinal methods can be used to evaluate
responsiveness.’% Longitudinal methods track participants and their health statuses over
time. A cross-sectional approach requires individuals to discuss their present health status
with another patient and rate themselves based on the conversation.!* This discussion
provides a comparison point for participants to judge their own health status and offers
investigators a method of understanding differences in quality of life (QOL). Although
this technique provides a simple way to evaluate responsiveness at a single point in time,
only between-person differences can be evaluated.®** Given that responsiveness looks to
evaluate change in health status over time, most investigators chose to evaluate within-

person differences, making prospective designs more common.
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When selecting a prospective design, there are two main approaches that can be
used: the anchor-based and the distribution-based approaches.'*¢ Typically, these
approaches are applied across a period in which participants are receiving a therapy of
know efficacy as a method of changing QOL through the course of the study.2® The
anchor-based approach entails using an additional measure to assess how the participant
is progressing. This measure is termed the “anchor”.}” This can be a PRO, such as a
global health rating, or a non-PRO measure (herein termed an “objective measure”), such
as a laboratory value or a clinical outcome.**!® Ideally, the anchor that is selected should
be an accepted measure of QOL or should attempt to capture the same construct related to
the change as the PRO being evaluated.'® Nevertheless, the anchor and the questionnaire
at hand should be correlated.*® Anchors are primarily used to sort individuals into groups
based on amount of change exhibited in the hopes of identifying those who have

experienced a small, meaningful change, and those who have not changed at all.**

The most commonly applied anchor is the global health rating question, in which
participants are asked to rate the amount of improvement or decline they have
experienced on a scale from +7 to -7(Figure 1).'8 This anchor is not without its concerns.
Unlike other anchors which can be applied at baseline and follow-up, this anchor asks for
an assessment of change in the follow-up period. For this reason, global health rating
guestions may be subject to recall bias; individuals are unlikely to recall their baseline
status to the same degree as they are able to assess their current status.'4172%21 |n

addition, the validity and reliability of these questions remain unknown. Nevertheless,
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they have previously been shown to be sensitive to changes in both directions

(improvement or decline).t*

I
A
+
~J

‘_
‘_
‘_
‘7
«—
‘_
<

A good deal worse <—
Somewhat worse ¢
Alittle worse <—
Almost no change <—
No change =<—oO
Almost no change «—
A little better

A very great deal worse
A great deal worse
Moderately worse

Somewhat better
Moderately better

A good deal better

A great deal better

A very great deal better

18

Figure 1. Global Health Rating Question

Responses to patient-reported anchors are also susceptible to response shift.
Response shift occurs when an individual’s values, perceptions, or standards for assessing
their own QOL change over time.?*2* With a response shift, one may observe a change in
objective measures of health status despite a stable patient-reported measure, or vice
versa.?22® This issue may lead to biased responses to the anchor, which in turn, can distort
the resulting findings. Although response shift has primarily been evaluated in people
with chronic diseases or those who have experienced a significant event (such as a new
diagnosis), it is a concern that applies to all longitudinal PRO collection.? It is possible to
formally assess the presence of a response shift using a variety of statistical methods.
Sajobi et al provide an overview of possible methods to apply, one of which includes
Oort’s SEM.? This approach allows for the evaluation of a variety of types of response

shift.
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Using objective anchors that are external to the patient’s perspective are
sometimes preferred to patient-reported ones.?>? Using PROs to evaluate changes in
other patient-reported measures has been criticized as only assessing concurrent validity
of the tools, rather than assessing responsiveness.?>2® That being said, objective measures
may not always be possible or feasible to use. For example, there is no one blood test or
score that is representative of QOL in hemophilia. The Hemophilia Joint Health Score
could be used as an anchor, but unfortunately this is not representative of the entire scope
of QOL. The number of days of work or school missed could be used, but the same issue
arises. In order to provide a more accurate representation of QOL, physicians could be
asked to assess the entire scope of the individual’s case and make a judgment on whether
or not a change has occurred. Unfortunately, this would require a judgment call to be
made and there may not be agreement between physicians. This brings up the discussion
of how much of a change represents a minimal change, as well as whether that change
would be considered important.?>%° The possibility of discrepancy in what is considered
to be a “minimally important” change is concern that is often raised when applying
objective anchors.?%2 In addition, it can be argued that changes determined using
objective anchors may be capturing clinically important changes and may not reflect what
patients believe to be important changes in QOL.% For example, a clinical score may
indicate a participant’s life expectancy has improved after receiving a new treatment,
indicating an improvement in QOL. At the same time, the individual may now be
experiencing novel adverse side effects or new limitations that may result in them

perceiving that their QOL has remained unchanged or has worsened.
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As a method of evaluating anchor-based approaches to responsiveness assessment,
minimally important differences (MIDs) are typically calculated. MIDs represent the
smallest change in score that has been identified to indicate a meaningful change.'#1°
Multiple approaches to evaluation exist, including calculating correlation, using receiver-
operator characteristic curves, using regression, or calculating mean change scores.**?’
Mean change score are most commonly used in the field and can be calculated as absolute
or relative scores.?® The appropriateness of each may rely on the overall score of the
questionnaire being tested.?® For example, a 10-point change in score from 100 to 90 and
from 20 to 10 may or may not represent the same amount of change in participants. In
absolute terms, these both represent a 10-point change, whereas they represent a 10% and

50% change in relative score, respectively. It has been suggested to select the measure

that is more closely correlated to a change in the anchor.?®

Of note, certain approaches to assessing MIDs, including the global health rating,
have been said to only addresses a “minimal” change in health status.'° Beaton et al. have
suggested that in order to truly calculate an MID, “importance” of the event must also be
considered.'® This can be done by adding an additional question asking participants to

assess the importance of the change in QOL experienced.

The other approach to evaluating responsiveness prospectively is termed the
distribution-based approach. Multiple distribution-based methods have been reported in
the literature; the most common method being the standardized error of the measure
(SEM), effect size (ES), and standardized response mean (SRM).241"2" The equations for

calculating these statistics have been provided in Appendix A. Given that statistics are

8
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primarily used, these methods have been the foundation for defining a minimal detectable
change (MDC) and not an MID.'*?° Rather than representing the smallest change that is
known to be meaningful, an MDC represents the smallest change that can be determined
beyond measurement error.14* The distinction here is that MDCs do not take
“importance” into consideration, but rather focus on statistical properties.’>!’ Despite
evaluating different concepts, the MDC is said to approximate the MID, although this
remains to be a point of contention.**2%30 For this reason, researchers should recognize
that distribution-based approaches may not be ideal for calculating MID, and should be

used as supporting evidence when anchor based methods are available.!’-2%3!

Following this logic, it is often suggested that multiple approaches should be used
concurrently to estimate a variety of possible MIDs, which can then be examined in hopes
of determining a single MID for the questionnaire.®? To do this, it is first recommended
to graphically represent the results obtained using all approaches to facilitate their
comparison.?’ Then, given that anchor based approaches have some consideration of
importance of the change, results obtained from these methods should be provided with a
higher weighting during triangulation, as should anchors that are more closely related to
the measure of interest.?® Again, it has been recommended that distribution-based
approaches should be used as supporting information when anchor-based approaches are
available.?>?° For example, if two MID values are calculated using two anchors (one
global health rating and one laboratory test) and one MDC is calculated using an SEM,
the MDC would be used as a guide. Given that the MDC provides the smallest change

that is detectable, if one of the MID values is smaller than the MDC and one is larger, the



M.Sc. Thesis — V.Zuk ; McMaster University — Health Research Methodology

larger value is likely to be correct. If both MIDs are above the MDC, the global health
rating may be provided with a stronger weighting when comparing the two values as it

may be more representative of QOL than a laboratory test result.

If there are many results or if the results prove to be difficult to compare, the
Delphi approach can also be applied to further narrow the range of values or to agree
upon a singular MID value.?*3! This would involve gathering the opinions and insights of
experts in a structured and anonymous format through multiple Delphi rounds in order to
best estimate the MID value. The Delphi approach recruits experts and distributes
anonymous questionnaires on the topic at hand to each of them.3? Once responses are
obtained, the opinions of fellow colleagues are distributed back to everyone on the
panel.®? The questionnaires are then filled out again, and in this iterative process, an

eventually consensus is obtained.%2

It is important to note that one true MID does not necessarily exist. The MID that
is determined is context-specific, represents the population at hand, and may differ for
other populations with different characteristics, such as severity of disease.'”2%%! For this
reason, one should understand the characteristics of the population that is used for

establishing this measurement properties.*

Despite responsiveness being a fundamental property, it is sometimes overlooked
when evaluating PROs.3* Understanding whether or not a questionnaire can capture
changes in a measure can help clinicians and patients better understand their health status.

A responsive gquestionnaire could be used to help evaluate the effectiveness of treatments,

10
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or to guide clinic visits based on any observed changes in a PRO score. With a responsive
questionnaire, one could be sure that observed changes are meaningful, and not a

reflection of measurement error.

1.4 Hemophilia
Hemophilia is an inherited bleeding disorder in which individuals have a

decreased ability to produce clots.® This is the result of a lowered level of clotting
proteins in the blood. Hemophilia can be classified into A or B, representing a factor VIII
and 1X deficiency, respectively.3* The severity of the disease is related to the amount of
residual levels of clotting factor in the bloodstream, with lowest levels relating to more
severe disease.3**® Severity clinically translates to bleed frequency and severity, with
more severe patients experiencing more prolonged or spontaneous bleeds.3® These events
tend to occur in the joints or muscles, and may cumulatively lead to deterioration, chronic
pain, and/or loss of function.3”* This may interfere with their activities of daily living
and can significantly reduce the individual’s QOL.3*3" Although hemophilia A and B
share many similarities, their clinical presentation may be different, with the conditions

exhibiting different frequencies and severities of events.3*4!

For some time, the disorder could not be cured. Now, with gene therapies, a
handful of individuals have demonstrated the promise of these approaches in curing
hemophilia.*?>*® Until these therapies are widely available and adopted, the goal of
treatment is to lessen the burden of bleeding events.* Individuals may take factor

replacement therapies either on a regular prophylactic schedule to prevent bleeds from

11
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occurring or on an episodic basis in response to a bleed to try to limit the duration of the
event.*>%® Research has shown that joint health can be maintained under prophylactic

treatment schedules.*®

As a method of evaluating treatment effectiveness in hemophilia, research has
historically focused on non-PRO clinical outcomes such as presence of target joints
(defined by ISTH as joints with 3 or more bleeds in 6 months) or number and duration of
hospital visits.>® Given that a large component hemophilia morbidity is related to the
disease impact on QOL via pain, loss of function, and disability, there has been a rise in
interest in the use of PROs to capture these health problems.*% In fact, there are multiple
questionnaires, both generic and disease-specific, that can and have been used in
individuals with this disease. In terms of generic questionnaires, the EQ-5D and SF-36
are most commonly applied to assess global health status.® As for disease-specific
questionnaires, a variety have been developed in the literature and each of these measures
are PRO in format, including but not limited to CHO-KLAT, Haemo-Qol, and Hemofilia-
Qol.** These disease specific measures have had important measurement properties
evaluated (i.e. validity and reliability) to varying degrees and have their unique strengths
and weaknesses. The degree of evaluation of these PROs is detailed in Appendix B.
Unfortunately, many of these questionnaires were developed prior to FDA PRO guidance
publication, and therefore are unlikely to have followed the rigorous guidance provided.*’
For example, despite having some patient involvement throughout the project, patients
have not been consistently involved at the beginning of development or have not had

large involvement in the decision-making process. Instead, experts have made a large
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majority of design decision independently.*’” Furthermore, despite most questionnaires
addressing internal consistency, test-retest reliability, content validity, and hypothesis
testing, none have formally evaluated responsiveness in this population.3* Many of these
PROs are widely used and most of them have been translated into multiple languages, and

yet, it is uncertain if they are able to detect changes in QOL over time.3*

1.5 Patient Reported Outcomes, Burdens and Experiences (PROBE)
The Patient Reported Outcomes, Burdens and Experiences (PROBE)

questionnaire was designed by patients for patients, with a complete involvement of the
patient component the inception.*® The questionnaire contains 3 sections, including
general demographics, disease-specific questions, and general health problems, with the
EQ-5D being collected as an additional component.*® Of all the information collected,
only the general health problems section informs score calculation for this questionnaire.
Feasibility testing has demonstrated that PROBE is of low burden, with majority
completing the questionnaire within 15 minutes.*® It has since been evaluated for content
validity, test-retest reliability, and other psychometric properties. PROBE was found to
have excellent overall agreement, as well as good internal consistency, strong correlation
with applicable EQ-5D domains and utility index score, and excellent discriminative

validity.

Currently, PROBE is being collected in an anonymous manner across multiple
countries and in multiple languages. As it stands, PROBE only requires the participant’s

country and language for completion. Participants are offered a code to continue
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completion if it is interrupted, but this code is unique to the questionnaire and not the
participant. If the same participant returns to complete a second questionnaire, a new code
will be generated and the second response will not be linked to the first. Unfortunately,
the anonymous nature of the questionnaire has not allowed for the collection of any
longitudinal data on an ongoing basis. Test-retest properties were evaluated in a separate
study by participants manually identifying their subsequent questionnaires. Other than
these select few participants and responses, PROBE data has generally remained
unlinked. This has limited the possibility of evaluating the responsiveness of the

questionnaire to date.

In order to address this aspect further, it is proposed that PROBE be linked to
longitudinal data, such as that collected by the Canadian Bleeding Disorders Registry
(CBDR). CBDR is a database that allows prospective data collection by patients and
physicians, and includes information relating to bleeds and treatment infusions. To date,
CBDR exists in 26 centers across Canada, and contains records of 2032 individuals living
with hemophilia A and 453 living with hemophilia B. A large subset of those enrolled in
CBDR also use MyCBDR, a mobile application that facilitates data entry and collection
for participants. This allows for continual tracking of treatment infusion and events, and
aids in monitoring the condition. The CBDR/MyCBDR program, database, and website

are hosted and administered a McMaster.

By linking these two McMaster-based initiatives, PROBE responses could be

followed over time, and could be linked to bleed and treatment data. Given that we are
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interested in evaluating the responsiveness of the PROBE questionnaire, this linkage

would provide the perfect platform for this type of evaluation.

2.0 STUDY FLOW

The proposed study will include multiple phases, each of which will be explained
in detail in this document. The initial phases have been designed to gather vital

information that will inform certain aspects of the main study.

- Phase 1. A Delphi panel will be conducted to confirm the timepoints for item
collection. This stage will help identify optimal times to evaluate short and
longer-term effects of events on patient QOL.

- Phase 2. Once these timelines are confirmed, a subset of participants will be
recruited for a pilot study. This will help identify the number of “minimally
important” events that can be expected as a method of estimating an
appropriate sample size. In addition, this phase will aid in ensuring the
selected timepoints and study methods are feasible and appropriate for the
main study.

- Phase 3. Once the timeline and sample size are confirmed, the main study will
be implemented. Participants will be recruited and asked to complete the items
at the given timepoints, as well as at a 6-month follow-up. Each participant

will be followed for a year following baseline.

15



M.Sc. Thesis — V.Zuk ; McMaster University — Health Research Methodology

- Phase 4. Upon completion of the study, data analysis will occur. A second
Delphi panel may be required depending on the complexity of the results in

order to identify a single or small range of MID values.

3.0 STUDY PURPOSE

3.1 Phase 1: Delphi Study
This phase aims to determine the optimal timepoints for data collection for the

main study. The timepoints for the main study require thoughtful consideration in order to
capture anticipated trends in change in QOL across events. A Delphi study would provide
a great platform to capture the opinions of experts in the field who may have insight on

what happens in practice.

3.2 Phase 2: Pilot Study
The pilot study will serve two main purposes. Primarily, the pilot will help

investigators understand the proportion of bleeds and surgical interventions that result in
minimally important changes in QOL, as indicated by participants. Using this
information, study staff will be able to estimate the number of individuals required to
observe at least 100 meaningful bleeds and 20 meaningful surgeries throughout the study

period.*°
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In addition, this phase will provide an opportunity to confirm the planned methods
for the main study. For example, the pilot will allow study staff to implement the
timepoints determined by the Delphi panel and determine whether the anticipated trends
can be seen. The mobile application that will be used (as discussed in section 4.3.7) can
also be tested to ensure ease of registration and use. Finally, the appropriateness of the
selected anchors will also be tested. This will provide the opportunity to implement a
more suitable anchor if required before moving forward with the main study. The planned
pilot study will not only help with estimating a sample size, it will also provide an

opportunity for troubleshooting before the main study is implemented.

3.3 Phase 3: Main Study
The purpose of this phase is to evaluate the responsiveness of the PROBE

questionnaire. As a primary objective, responsiveness will be evaluated in Canadian
individuals living with hemophilia A or B across events of interest, including bleeds and
surgical interventions. As a secondary objective, responsiveness will be evaluated in the
same population over a period in which no events are experienced. Regression analysis
will also be assessed as a secondary objective, as will the identification of possible
response shift in the study population. These secondary objectives will aid in
understanding the context of the results and interpretation. In addressing these objectives,
a mixed approach will be taken, in which anchor-based and distribution-based methods
will be used to calculate a variety of MIDs and MDCs. An overview of the study

objectives can be seen in Table 1.
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Table 1 General overview of study objectives

presence of
response shift

Objective Outcome | Explanatory | Hypothesis Method of
Variable | Variable Analysis

Primary: To Change in | Change in The PROBE score will Primary: MID

evaluate the PROBE response to increase when QOL is calculated using

responsiveness of | score global health | reported to improve and mean change

the PROBE rating decrease when QOL is score

guestionnaire reported to deteriorate

following events | Change in | Change in The PROBE score will be | Supportive:

of interest PROBE EQ-5D score | directly correlated with MID calculated
score the EQ-5D score using mean

change score
Change in | Smallest PROBE will show Supportive:
PROBE change consistency in the MDC using ES,
score beyond distribution-based SEM, and SRM.
measurement | methods for MDC
error

Secondary: To Change in | Change in The PROBE score will Primary: MID

evaluate the PROBE response to increase when QOL is calculated using

responsiveness of | score global health | reported to improve and mean change

the PROBE rating decrease when QOL is score

guestionnaire in reported to deteriorate

the absence of Change in | Change in The PROBE score will be | Supportive:

events PROBE EQ-5D score | directly correlated with MID calculated
score the EQ-5D score using mean

change score

Changein | - - Supportive:
PROBE MDC using ES,
score SEM, and SRM.

Secondary: to Global PROBE The reported QOL will Simple linear

explore health score increase as the PROBE regression

regression rating score increases

analysis for EQ-5D

responsiveness

Secondary: to Oort’s SEM

assess the approach®
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3.4 Phase 4: Delphi Panel
A decision regarding whether or not the final phase will be required will depend

on the results obtained from the main study. If the analyzed data proves to be very spread
or difficult to interpret, the Delphi panel may be required. The purpose of this second
panel is to narrow down the study results to a single value or a small range of values.
Accurately narrowing down this range of values will ensure proper future interpretation

of changes in PROBE score.

4.0 METHODS

4.1 Phase 1: Delphi Panel
This phase will begin with the recruitment of experts in the field. Given that this

phase aims to determine ideal timepoints for data collection, individuals would be
considered experts if they have an understanding of the management of hemophilia A or
B, as well as the recovery process following disease-specific events (i.e. bleeds and
surgical interventions). Ideally, this panel will include individuals living with hemophilia
A, individuals living with hemophilia B, and physicians or researchers that have been
working in the field for at least 5 years. Canadian experts would be considered first, given
that their knowledge and experience would reflect the anticipated study population. This
phase will have a target of 20 experts and will selectively recruit to ensure a distribution

of patients, physicians, and researchers.
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Once recruited, the assembled panel will be contacted by a facilitator.? Panel
members will be provided with a set of statements regarding timepoints in which

individuals would experience:

Negative impacts on QOL after a bleed (such as pain or loss of function)

- Improvement in QOL after recovery from a bleed

- Negative impacts on QOL after a surgical intervention (such as pain or loss of
function)

- Improvement in QOL after recovery from a surgical intervention

Experts will be asked to rate the degree to which they agree with the statements
provided by the facilitator, and once complete, the ratings will be submitted. Using the
completed ratings, the facilitator will provide feedback to each individual in an
anonymous manner. Experts will then have the opportunity to compare their responses
with those of the group and provide updated responses in the second round of
questioning. These structured steps will continue until the responses of the group

converge.®

By implementing this phase, a timeline for data collection can be identified to suit

the trends in QOL the main study aims to capture.

4.2 Phase 2: Pilot Study
Once the Delphi panel is completed, a pilot study will be implemented. This phase

will follow the methodology as highlighted in the main study (section 4.3). Individuals
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will be considered eligible if they meet the inclusion criteria of the main study. The pilot
study will utilize the timepoints for data collection as indicated by the Delphi panel in
order to help confirm their appropriateness. Unique to this phase is a short set of
questions in which participants will be asked to provide insight on the study design, as

well as the user experience using the mobile app for the study purposes.

4.3 Phase 3: Main Study
The main study will be implemented upon the completion of the Delphi panel and

the pilot study. Vital information from these first two phases will help inform the main
study.
4.3.1Study Design

A multicenter, prospective repeated measures study will be implemented. This
phase of the study will take place across multiple CBDR centers across Canada.
4.3.2 Inclusion Criteria

- >16 years of age

- Living with hemophilia A or B

- Enrolled in or willing to enrol in MyCBDR

4.3.3 Exclusion Criteria
- Unable to read or understand English or French
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4.3.4 Recruitment
In order to participate in this study, participants will be required to login to

PROBE app (described in section 4.3.7) using their MyCBDR accounts. Once logged in,
they will be able to access all study information. Participant consent will be received

electronically prior to completing the first questionnaire.

Participants of the pilot study will be carried over to the main study provided that
none of the time points or anchors are changed. If the main study remains unchanged
from the pilot, these individuals will continue their enrolment and will contribute to the
collection of study data.

4.3.5 Data Collection Timeline

Following consent, participants will be asked to complete their first PROBE
questionnaire, which will act as a baseline. Although baseline demographics are collected
in CBDR, participants will be asked to complete this section of PROBE during their

baseline interaction in order to ensure this information remains accurate.

Participants will be asked to complete the PROBE questionnaire at multiple
timepoints following events of interest and at regular intervals. These timepoints will be
determined in Phase 1 (Delphi panel) and confirmed in Phase 2 (Pilot study). As indicated

above, data will be collected at points in which participants experience:

- Negative impacts on QOL after a bleed (such as pain or loss of function)

- Improvement in QOL after recovery from a bleed

- Negative impacts on QOL after a surgical intervention (such as pain or loss of
function)
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- Improvement in QOL after recovery from a surgical intervention
It is possible that the selected timeline will roughly resemble the following example:

- Within 1-2 days following a bleed (acute)
- Within 7 days following a bleed (long term)
- Within 7 days following a surgical intervention (acute)

- Within 3 months following a surgical intervention (long term)

A 6-month follow-up will be added as an additional timepoint to the list
mentioned. This timepoint will be required 6 months after the last completed entry; those
who do not experience any events or those who filled their last questionnaire 6 months

prior will be asked to complete this follow-up questionnaire.

All participants will be asked to continue the study for 1 year following their
baseline encounter. Those individuals that participated in the pilot study (if applicable)
will be asked to complete 1 year from their initial enrolment in the pilot study. Those
individuals who are recruited during the main study will be asked to complete 1 year from
their initial recruitment date.

4.3.6 Items for Collection
At each of the timepoints indicated above, participants will be asked to complete

the following items:

- The PROBE questionnaire (including EQ-5D)
- A global health rating question (figure 1)

- Animportance question related to an overall change in their QoL
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As previously mentioned, the PROBE questionnaire includes four sections:
baseline demographics, disease-specific questions, general health problems, and EQ-5D.
To facilitate data collection, questions regarding baseline demographics will be asked at

the first interaction but will be removed for subsequent completions.

The PROBE score will be calculated using only information provided in the
general health problems section. As mentioned, the EQ-5D is also collected as part of
PROBE but this information does not enter in the score calculation. This portion will act

as an anchor and will be used as supportive information.

Once the questionnaire is completed, participants will be asked if they
experienced a change in QOL since their last data entry point. At this point, they will be
prompted to complete a 14 item global health rating score that will demonstrate the
degree of improvement or deterioration experienced (from +7 to -7) (seen in figure 1).182
Those who have indicated a change in QOL will be asked to indicate whether or not that
change was important to them (“Would you consider this to be an important change? —

Y/N”). These questions represent the primary anchor of interest.

Table 2 Timeline of items to be collected

Items for Baseline Bleed: Bleed: Surgery: Surgery: 6mo
Collection acute long term | acute long term | timepoint
Baseline X

demographics

PROBE X X X X X X
guestionnaire

Global health X X X X X

rating

Importance X X X X X
guestion
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4.3.7 The PROBE App
PROBE developers have agreed to establish a mobile app that will be ready for

use prior to the implementation of this study. This app will be the primary method of data

collection for this study and will allow for the collection of all necessary items.

Not only will the system be able to collect longitudinal data, it will also include
functionalities aimed at reducing the burden of completion on individuals. The
demographics portion of the PROBE questionnaire will be omitted in subsequent
timepoints in order to limit the number of required fields. The app will also allow for
offline questionnaire completion. Submitted data will automatically upload to the
database once a stable internet connection is available. In order to potentially limit the
amount of missing or incomplete submissions, the app will also contain a notification
system which will remind participants when to complete the questionnaire. The
notifications will be emailed to the participants and will display directly on the
individuals’ phones or tablets. Given participants will be registering bleed data on
MyCBDR, the PROBE app will be able to provide notifications that are event specific as

well.

4.4 Phase 4: Delphi Panel
This final Delphi panel may or may not be required, depending on the data

collected and analysed from the main study. In order to aid in the process of narrowing to
a singular MID value, experts will be recruited for a Delphi panel. Individuals would be

considered experts if they have knowledge in the PROBE questionnaire, and particularly
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in its scoring. Individuals who were involved in the development process would be
considered great candidates, and could therefore include physicians, researchers, or
patients. This phase will have a target of 20 experts and will selectively recruit to ensure a

diverse panel.

Once recruited, the assembled panel will be contacted by a facilitator.3? Panel
members will be provided with an explanation of the study methodology, along with
context for each presented value. A set of statements about the probable MID value will
be sent out by the facilitator and experts will be asked to rate the degree to which they
agree with the statements. Once completed, responses should be submitted. Using the
completed ratings, the facilitator will provide feedback to each individual in an
anonymous manner. Experts will then have the opportunity to compare their responses
with those of the group and provide updated responses in the second round of
questioning. These structured steps will continue until the responses of the group

converge.®

By implementing this phase, a singular or small range of MID values can be

identified.
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5.0 DATA ANALYSIS

5.1 Phase 1: Delphi Panel
For this phase, data will be analyzed after each consecutive step. Study

investigators will evaluate the amount of agreement between the experts. Steps will
continue until consensus is reached, which for the purposes of this phase will be defined

as 80% agreement.3? Once agreement is reached, this phase will be completed.

5.2 Phase 2: Pilot Study
The pilot study aims to address a variety of questions. In order to determine an

adequate sample size, investigators will determine the proportion of bleeds and surgical
interventions that result in meaningful changes in QOL, as indicated by participants.
Using this information, study staff will be able to estimate the number of individuals
required to observe at least 100 meaningful bleeds and 20 meaningful surgeries

throughout the study period.*°

In order to confirm whether the collection points are appropriately spaced,
collected data will be assessed to identify trends in scores. The PROBE questionnaire,
EQ-5D, and responses to the global health rating will be assessed. It is expected that QOL
will decrease in the acute timepoints and will increase across the longer timepoints. Study
investigators will assess whether these trends can be seen in the collected data. This will
provide an opportunity to validate the information provided by the Delphi panel and will

ensure the timelines provided by experts reflect what occurs in the study scenario.
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Responses to the questionnaire provided at the end of the pilot study will be
assessed qualitatively. Participant opinions and responses will be evaluated to determine
any areas that may require troubleshooting before the main study is implemented. Of
primary concern will be questions regarding the mobile application, in order to ensure any

potential issues can be resolved before moving to the next phase.

The appropriateness of the selected anchors will also be assessed. The collected
PROBE scores will be compared with both the global health rating scale and the EQ-5D
scores. If the calculated correlation meets a minimum of 0.3, the anchor will be deemed
appropriate and will be used in the main study.*®2 If the anchor does not reach this

minimum, study investigators will consider using a novel anchor for the next phase.

Provided the timeline can capture the intended trends in QOL and there are no

major issues, the study will move onto phase 3.

5.3 Phase 3: Main Study
Before primary or secondary analyses are performed, the suitability of the selected

anchors will be assessed once more using main study data. This will be done by
evaluating the correlation between the anchors (global health rating and EQ-5D) and the
PROBE scores. The anchors will be deemed suitable if the correlation is 0.3 or

greater.1620
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5.3.1 Primary Analysis
As a primary objective, the responsiveness of the PROBE questionnaire following

events of interest will be evaluated. To determine change in health status over time,
repeated measures will be collected. Differences in scores between those who
experienced small and important changes and those who remained unchanged will be
calculated. MIDs for improvement and deterioration will be considered separately and
will be calculated using mean change scores.*>3! The decision to use absolute or relative
changes will be made based on the collected data.?® Suitability will be determined by
evaluating the correlation between the absolute or relative changes with the global health
rating, as suggested by Zhang et al.?® If either approach is suitable, absolute mean change

scores will be calculated given the increased interpretability of the results.?®

Of primary interest are MIDs calculated using the global health rating question
and the importance question. Individuals who indicate a small (+/- 1, 2, or 3 on the global
health rating) and important (Y on the importance question) change will be selected and
compared to those who indicated no change (0 on the global health rating) in QOL. MIDs
using EQ-5Dscores will be calculated in the same way, although, these MIDs will be used
as supporting information. Additional supportive information will be obtained by
calculating MDCs. ES, SEM, and SRM will be calculated. ES will be calculated by
dividing the change in PROBE score by the standard deviation at baseline, whereas the
SRM will be divided by the standard deviation of the change. These equations for

calculation can be found in Appendix A.0.2, 0.5, and 0.8 will represent small, moderate,
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and large responsiveness for ES and SRM approaches, whereas 1 SEM will be estimated

to approximate the MID. 41719

This analysis will first consider bleeds and surgical interventions together to

determine an overall MID value for the PROBE questionnaire. Subsequently, bleed data

and surgical data will be separated and analyzed using the same methodology. This

provides the opportunity to determine whether PROBE’s ability to detect change in QOL

is affected by the event of interest. For an overview of data analysis for the primary

objective, please refer to Table 3.

Table 3 Data analysis plan for primary objective

Event of | Explanatory | Direction of | Comparator | Method | Primary or
Outcome : : A .
Variable Interest Variable Change in Participants | of _ Supportive
QOL analysis | ?
Any event | Global health | Improvement | No change | Mean Primary
rating + Deterioration change
importance score
EQ-5D Improvement | No change | Mean Supportive
Deterioration change
score
Bleed Global health | Improvement | No change | Mean Primary
rating + Deterioration change
importance score
Change in EQ-5D IDrT;[;ar:)i\é?;Ttlieon; No change mi?]n . Supportive
PROBE g
score - score -
Surgical Global health | Improvement | No change | Mean Primary
Intervention | rating + Deterioration change
importance score
EQ-5D Improvement | No change | Mean Supportive
Deterioration change
score
Any event - - - ES, Supportive
Bleed - - - SEM,
Surgical i i i and
Intervention SRM
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Once these calculations are performed, a variety of possible MID/MDC values
will be determined. In order to home in on a single value or a small range of values, the
calculated items will be represented graphically and analyzed. As previously stated, the
MIDs determined using the global health assessment will receive the highest weighting.?
Those calculated using EQ-5D scores will receive the next highest weight, and
distribution-based approaches will receive the smallest weighting.?° If the values prove to
be very different from each other and selecting a single value proves to be difficult, the
Delphi approach will be used once again.?°
5.3.2 Secondary Analysis

As a secondary objective, PROBE responsiveness will be evaluated using
participants that have not experienced an event of interest. Using responses provided at
the 6-month timepoint, participants who have experienced small and important changes in
QOL will be identified and compared to those who have not experienced any changes.
Again, MIDs will be calculated separately for improvement and deterioration.*>3! Results
from the global health assessment will be of primary interest, and those from the EQ-5D
and from distribution-based methods will act as supportive information. This information
will be analyzed using the same process described above, and the Delphi approach may
be used for this objective as well, if needed. Table 4 provides an overview of data

analysis for the secondary objective.
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Table 4 Data analysis plan for secondary objective

Outcome | Event Explanatory | Direction of | Comparator | Method of | Primary or
Variable | of Variable Change in Participants | analysis Supportive?
Interest QOL

Change | 6-month | Global Improvement | No change | Mean Primary
in follow- | health rating | Deterioration change
PROBE | up + score
score importance

EQ-5D Improvement Supportive

Deterioration
ES, SEM, Supportive
i i i and SRM

Regression has also been suggested as an interesting way to evaluate

responsiveness.® Although this has not been as widely calculated as mean change scores,

this approach may warrant consideration. For this reason, regression analysis will be

performed as a secondary objective. The PROBE score will be set as the independent

variable, whereas the global health assessment score or EQ-5D will be set as the

dependent variable. A simple linear regression model will be conducted.

In addition, response shift will also be considered during the analysis portion of

this study. Oort’s SEM approach, as suggested by Sajobi et al, will be conducted as a

method of evaluating response shift.?? This will be conducted following a 4-step process,

as highlighted by Oort.>° The methodology explained in his original publication will be

followed in this study.
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5.3.3 Subgroup Analysis
Subgroup analysis will also be performed. Individuals will be divided into groups

based on the severity of disease (mild, moderate, or severe), type of hemophilia (A or B),
type of treatment schedule (prophylactic or episodic), age, and frequency of bleeds. These

are distinct and important characteristics that may influence PROBE’s responsiveness.

5.4 Phase 4: Delphi Panel
For this phase, data will be analyzed after each consecutive step. Study

investigators will evaluate the amount of agreement between the experts. Steps will
continue until consensus is reached, which for the purposes of this phase will be defined

as 80% agreement.®? Once agreement is reached, this phase will be completed.

6.0 DESIGN JUSTIFICATION

6.1 Phase 1: Delphi Panel
A Delphi panel was selected to address uncertainties regarding appropriate

collection points for desired patterns in QOL. This design was selected given that this
information could not be sufficiently addressed using a systematic review, and other
methodology would require more time and resources, resulting in a delayed
implementation of the main study. This simple design can provide the necessary results in

a timeline that is suitable for the goal at hand.
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The eligibility for recruitment was selected in order to ensure participants are
knowledgeable in the field of hemophilia. Provided that experts are required to
understand the nature of the condition, the panel can include physicians and patients

alike.

Consensus for this phase will be set at 80% agreement.®? Given that much of the
information collected in this phase will be confirmed during the pilot study, this level of

consensus would be sufficient.

6.2 Phase 2: Pilot Study
A pilot study will be implemented in order to determine an adequate sample size

for the main trial. This design was selected over a run-in period for the additional
flexibility a pilot study can provide. Given that there remain some uncertainties
surrounding appropriate timeline for item collection, as well as the adequacy of the
selected anchors, having a pilot would not only allow for a sample size determination, but
also an opportunity to troubleshoot and address some of these concerns. This way, any
issues that arise could be addressed and modified before moving to the main study. With
a run-in period, the main study would either continue as is, or be terminated, removing

much of the flexibility and opportunity for change.

Participants enrolled in this phase will be carried over to the main study, provided
no major changes are undergone. This decision was made considering the small

population of individuals living with hemophilia in Canada. Having participants continue
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to the main study would help ensure an adequate sample size, which may be an issue

when conducting research on populations living with rare conditions.

Other specific aspects of the study design (such as inclusion/ exclusion criteria)
can be found in section 6.3, given that the pilot study design will reflect that the main

study.

6.3 Phase 3: Main Study

6.3.1 Study Design
Although responsiveness can be assessed using cross-sectional methods, this study

has opted to use a prospective design. Unfortunately, only between-person comparisons
can be made using cross-sectional methods, and it has been shown that this method
underestimates within-person change.® In order to accurately estimate a within-person

change, a prospective approach was selected.

A randomized design for this research question would have been a) impossible, as
you cannot randomize individuals to experience QOL relevant event or not, and b) it
would have added no value, as the change of interest happens within patients, and not

across randomization. For these reasons, a randomized design could not be undergone.

A multi-center approach was selected in order to address concerns relating to
adequate recruitment of participants. Given that hemophilia is a rare condition, a single
center study would likely provide insufficient numbers of potential participants. In

addition, using patients from across the country will contribute to the external validity of
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this study. Canadian researchers and physicians looking to use PROBE in the future can
be assured that our study population is likely to be representative of the general
population of patients living with hemophilia.
6.3.2 Inclusion Criteria

The inclusion criteria for this study were selected based on previous studies
evaluating PROBE. The questionnaire at hand was validated using a population of
individuals living with hemopbhilia A or B, and therefore should be applied to the same
population in this study.*® Those living with other conditions will not be eligible for this

study given that PROBE has not been evaluated for that population.

Although individuals must be 10 years old or older to provide reliable responses
to the PROBE questionnaire, this study will recruit individuals that are 16 years of age or
older.*® This age cut-off was selected to address ethical concerns of recruiting individuals
between the ages of 10 and 16. This age group would require participant assent in
addition to parental consent. Given that consent is provided online before questionnaire
completion, obtaining assent may prove to be more difficult using this approach. In order
to facilitate the consenting process, the study population will be limited to individuals

over the age of 16.

Finally, individuals will only be eligible if they are enrolled or willing to enrol in
MyCBDR. Not only does this facilitate PROBE app log in, it also ensures all study data is
properly captured. Individuals can technically sign up for the PROBE app without a
MyCBDR account, but if said individual switches to MyCBDR mid-study, their

responses from before and after the switch cannot be linked. In order to avoid the
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possibility altogether, all participants will require MyCBDR access. As an added benefit,
bleeds are reported and documented in the MyCBDR app and will provide the PROBE
app with a more specific and targeted notification system. This way, participants will be
reminded to complete PROBE as soon as they report having a bleed. This will likely
improve data completion and decrease the amount of missing data. Since this was made
an inclusion criterion, study staff will be able to facilitate MyCBDR registration by
accepting requests on the spot, therefore limiting the wait time that currently exists.
6.3.3 Exclusion Criteria

Exclusion criteria were limited as much as possible as a way of increasing the
number of potentially eligible individuals. At minimum, participants must be able to
comprehend instructions, consent, and read/understand English or French. Given PROBE
app is currently available for completion in these two languages for Canadian
participants, it is imperative they be able to provide accurate responses in English or
French.
6.3.4 Data Collection Timeline

A large part of the study timeline depends on the occurrence of specific events.
Although responsiveness is typically assessed across a period in which participants
receive therapy of a known effectiveness, this approach is not feasible in this field.*?
Given the chronicity of the disease, patients undergo treatment continuously throughout
their lives, so a distinct period to evaluate a change in QOL before and after treatment
may not exist. Bleeds and surgical interventions were selected as a substitute given these

are events that are likely to result in a change in QOL.*
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Given that the timing of these collection points is instrumental to observing the
desired trends in QOL, the Delphi approach will provide confidence in the study’s
timeline selection. This will help ensure the timing of the PROBE questionnaires are valid
and in compliance with what has been observed in practice across Canada. This approach
will identify two data collection points for each event: one in the acute setting, and one in
the longer term, as highlighted above. The first timepoint aims to evaluate the situation in
which individuals are likely to be experiencing the negative consequences of the event,
such as pain or loss of function. The second timepoint on the other hand, aims to capture
the recovery process in which QOL may begin to improve. By including both of these
data points, one may then evaluate PROBE’s responsiveness when QOL shifts in either

direction.

Finally, there is a situation in which participants may go a considerable amount of
time without experiencing any events. It is possible that these individuals will still
experience changes in QOL that are not prompted by bleeds or surgery. For this reason, a
6-month timepoint has been added. Having this data collection point will allow
investigators to evaluate responsiveness in this case, effectively addressing the secondary
objective of this study.

6.3.5 Data Analysis

It has been suggested by the literature that the anchor and the PRO in question
should be correlated.?° For this reason, suitability of the anchors selected for this study
will be assessed by calculating their correlations with the PROBE score before continuing

with data analysis.
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For both the primary and secondary objectives, anchor-based approaches will be
favoured over distribution-based ones.?’ Using an anchor, particularly a patient-reported
one, allows for the patients to indicate whether they have experienced a change and
whether said change was important. Using an objective measure or a physician’s opinion
may not entirely capture the participants’ experiences. Having patients provide this
insight on their own behalf assures this misinterpretation is avoided. Distribution-based
methods rely on spread statistics and make an assumption that changes in QOL have
occurred in a set period.** This is not an ideal approach for evaluating responsiveness,
although the literature has indicated it can be used to support results from the anchor-
based approach. For this reason, all distribution-based methods will receive less weight in

the decision-making process.?

Of the two anchor-based approaches, the global health rating question will also be
given preference over the EQ-5D as an anchor for calculating MIDs. Although the
validity and reliability of the global health rating question are unknown, it has previously
been shown to be sensitive to change in both directions.* The suitability of the EQ-5D as
an anchor remains unknown.>! It is suggested that EQ-5D may not be responsive to
change in hemophilia patients, although this has not been widely studied.>® Given that the
main purpose of an anchor is to provide an indication of change in QOL, the EQ-5D may
not be the best suited in the absence of more responsiveness data. For this reason, MIDs

calculated using this questionnaire will only be used as supporting evidence.

These anchors will be paired with the importance question to determine not only if

a change occurred, but also if that change was meaningful. Beaton et al. have highlighted
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the nuance between these concepts.'® Many studies have focused on whether a change has
occurred, but have not attached an importance to this change. In order to truly calculate a

change that is both minimal and important, both of these questions should be considered.

It was also decided that the selected anchors will be evaluated using mean change
scores. Data collected using an anchor can be evaluated using a variety of approaches.
Commonly applied are receiver operator characteristic curves, although this method
requires that the responses to the anchor be dichotomized.'®?’ Participants would be
placed into “improve and unimproved” or “deteriorated or not deteriorated”, which loses
much of the collected information.® Additionally, this approach does not examine
minimal changes in QOL.*° Correlation may also be used but this unfortunately evaluates

the closeness to a linear relationship and may miss a close but non-linear relationship.®

As for distribution-based approaches, a paired t-test may be applied. This
approach is unfortunately influenced heavily by the sample size.® Very small changes in
the individual may lead to a statistically significant change given a large enough sample
size.1%% Guyatt’s responsiveness could also be calculated, but this approach requires a
known MID value, which is currently unavailable.!® ES, SRM, and SEM are the most
popular approaches to evaluating responsiveness and using them in this study may
facilitate future comparison of estimates in two different instruments in the same

population.
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6.3.6 Subgroup Analysis
It is known that MIDs are heavily influenced by the population at hand, and a

single MID may not exist for a given questionnaire.'”2%3 For this reason, it is vital to
evaluate a variety of important subgroups to assess the stability of the overall MID, or to
identify different MIDs for different subgroups, if needed. The subgroups that will be
evaluated in this study have been selected based on their importance in the field of

hemophilia.

It has been previously noted that individuals living with varying severities of
hemophilia may experience events differently. In fact, those living with less severe
disease may demonstrate a greater impact on QOL following an event.>>* It is possible
that those living with more severe disease have become more proficient at managing
events and may therefore not experience as much distress when one occurs. Given their
ability to manage events well, individuals living with more severe disease may require
more severe events in order to perceive it as important.>2°® This may translate to a larger
MID value, where a larger change in PROBE score may be required to indicate a
minimally important change in QOL. For this reason, individuals living with different

severities will be evaluated separately.

The literature has suggested that the clinical presentation of hemophilia A and
hemophilia B may not be the same.>**! Given that these two groups may experience
differing frequencies and/or severities of events, it is possible that the MID will not be the
same for both groups. Individuals that experience events more frequently may be more

experienced with their management, possibly influencing the MID. On the flip side,
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frequent bleeders may be experiencing more rapid degeneration of joints than their
counterparts, which may therefore influence the respective MID. For this reason,
hemophilia A and B will be evaluated separately. Similarly, bleed frequency will also be
considered as an important subgroup. The relationship between hemophilia type, bleed

frequency, and the MID would be an important aspect to further investigate.

The treatment schedule that is used may also demonstrate a similar trend.
Research has demonstrated that prophylactic treatment can maintain joint health.*® For
those undergoing prophylactic treatment, a more severe event may be required to result in
a minimally important change. Given the possible influence on the MID, prophylactic and

episodic schedules will be considered separately.

Age will also be considered when evaluating subgroups. With the passing years,
individuals living with hemophilia experience an ongoing deterioration of the joints, with
damage acting cumulatively over time. For this reason, it is possible that a bleed may not
affect pain level, range of motion, or QOL of a younger individual to the same extent as
an older individual. For this reason, it is possible that the MID may differ depending on

the participant’s age.

Subgroups were selected in order to investigate any possible factors that may
influence the overall MID value. The resulting MIDs may or may not be helpful in
practice. Having an overall MID value for the PROBE questionnaire would provide a
quick and easy way of interpreting changes in score. Having a separate MID value for

each of the subgroups could provide more specific and targeted approach to interpreting
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changes in score. Having multiple MID value could, however, complicate interpretation.
Selecting the most appropriate MID may prove to be difficult and selecting the most
applicable subgroup may be confusing. Further, these subgroups will inevitability include
small sample sizes, decreasing the confidence in the associated MID values. Nevertheless,
exploring these relationships may highlight whether or not there are certain relationships
that require further consideration.
6.3.7 Anticipated Results and Interpretation

For the anchor-based approaches used in both primary and secondary analysis, we
anticipate that participants who indicate an improvement in QOL on the global health
question or an increase in EQ-5D score will also demonstrate an increase in PROBE
score. For those that indicate a deterioration in QOL, a decrease in PROBE score is also
anticipated. The resulting MIDs will provide an indication of the smallest score that
represents a meaningful change in QOL. The MIDs will help understand how much of a
change in score indicates a true change. If an individual has a change in score that is
smaller than the MID, it is likely that their QOL has not changed in that time. Only

changes in score above the MID indicate a potential meaningful change.*

For the distribution-based approaches used in both primary and secondary
analysis, MDCs will be calculated. It is anticipated that these values will be lower than
the calculated MIDs. Given that these values focus on finding statistically significant
changes rather than clinically significant changes, the resulting scores are likely to be

lower.
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In terms of interpreting the results of these approaches, the literature has
consistently quoted 0.2, 0.5, and 0.8 to represent small, moderate, and large
responsiveness, respectively, for the ES and SRM approaches.**1"1® These cut points will
be used for the purposes of this study as well. As for the SEM, it has been suggested that

1 SEM approximates the MID, and this logic will also be followed in this study as

WE| | _14,29,54

Regression analysis will be performed in an exploratory manner. Where MIDs
indicate the amount of change required in the PROBE score to see a meaningful change,
regression indicated the amount of change in the anchor is associated with a one-unit
change in PROBE score.'® The magnitude of this value will aid in its interpretation, given
that a value close to zero will indicate that large changes in PROBE would be required to
observe any change in the anchor.'® Following this logic, a value closer to 1 could
indicate a more responsive tool.2° It is possible that the results from these calculations
will not provide any novel information, but they may help with interpretation and

understanding of responsiveness.

It has been proposed that response shift can lead to under or over-estimation of
PRO scores collected longitudinally. Given that there is a possibility that response shift
could influence the responses to the PROBE questionnaire, it will be evaluated in this
study.?? The procedures followed in this study will help identify if response shift occurred
and will facilitate the calculation of a true change. This will allow a better understanding
of whether participants experienced changes in their standards for evaluating their own

quality of life, their values, or their internal understanding of the concepts at hand. This in

44



M.Sc. Thesis — V.Zuk ; McMaster University — Health Research Methodology

turn, may help explain possible unanticipated results or trends, especially in terms of

magnitude of the effects calculated in this study.

6.4 Phase 4: Delphi Study
A Delphi panel is being considered following suggestion from the literature

published in this field.?>** Given the nature of the objective of this phase, this design
provides an opportunity for gaining expert advice if any uncertainties arise. Given that
these answers could not be gained by searching existing literature, expert consensus can

provide the necessary results in a timeline that is suitable for the goal at hand.

The eligibility for recruitment was selected in order to ensure participants are
knowledgeable in the PROBE questionnaire and its scoring. Provided that experts are

required to understand PROBE, the panel can include physicians and patients alike.

7.0 POSSIBLEHARMS

7.1 Phase 1: Delphi Study
This phase of the study does not have any anticipated harms to participants.

Expert responses will be anonymized between rounds, ensuring the confidentiality of the
participants. There is a possible concern that the consensus reached during the Delphi
panel may not be validated before implementation. To address this concern, the planned

pilot study will act as a method to confirm the proposed timeline.
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7.2 Phase 2: Pilot Study
The harms that may possibly be experienced by pilot study participants match

those explained in section 7.3 (Main Study).

7.3 Phase 3: Main Study
This study does not have any anticipated direct harms to study participants.

Individuals will be asked to dedicate their time to completing the questionnaires which
may be fatiguing or frustrating if required frequently. The magnitude of this burden will
depend on the events experienced, with those experiencing more bleeds or multiple

surgeries requiring more time and energy to complete all data points.

Theoretically, there maybe a concern that information collected on the app may be
accessed by a third party. Although this is unlikely, information that is collected will be
anonymized and will not be connected to any identifiable information. This study will

comply with all ethics rules in order to maintain participant privacy.

Finally, it is possible that participants may be taking note of their responses to the
questionnaires as a method of tracking their progress or health status. This may result in
some emotional distress, in the case that the individual’s scores do not adequately reflect
what they believe they are experiencing (eg. PROBE score worsening despite feeling they
have made positive progress). For these participants, it may be a frustrating experience to

track scores without the ability to properly interpret them.
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7.4 Phase 4: Delphi Study
Similarly to section 7.1, this phase of the study does not include any risks to the

participants. Responses to iterative stages will be anonymized in order to maintain

confidentiality of the panel experts.

8.0 POSSIBLE BENEFITS
8.1 Phase 1: Delphi Study

Experts participating in this phase may not experience any personal benefits to
participating in this study. They will, however, be contributing to their knowledge to
further research in the field of hemophilia. Their consensus alone will provide interesting
insight on the trends in QOL patients may be experiencing. Further, this information will
aid in identifying whether PROBE could be used to adequately assess changes in QoL

over time.

8.2 Phase 2: Pilot Study
The benefits that may possibly be experienced by pilot study participants match

those explained in section 8.3 (Main Study).

8.3 Phase 3: Main Study
Individuals participating in this study may or may not experience any direct

benefits. It is possible that completing the PROBE questionnaire at multiple timepoints
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may help participants be more mindful of their own health status and consider areas that
may require improvement. This may in turn lead to more focused and directed

appointments with their physicians.

As for societal benefits, the information collected from this study will provide a
better understanding of the responsiveness of the PROBE questionnaire. This information
will provide more context and increase the interpretability of changes observed in the
PROBE score.!” Understanding this property will direct future uses of the questionnaire,
be it in the clinical or research setting. Knowing the MID can provide a method of
interpreting results from research trials evaluating the effectiveness of novel therapeutic
drugs and could help physicians better understand changes in QOL at consecutive

appointments.

8.4 Phase 4: Delphi Study
Similarly to section 8.1, this phase of the study does not include any benefits to

the participants. The consensus that is determined in this phase will contribute to a
societal benefit namely, in that changes in PROBE score can be adequately understood.
Determining an MID value would prove to be beneficial to patients and physicians alike,
as it would provide a method of interpreting changes in PROBE score. This knowledge
could expand the use of this questionnaire as it could be applied in future research
projects aimed to determine drug effectiveness, as well as in the clinical setting to track

patient progress.
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9.0 ETHICAL CONSIDERATIONS
Ethics approval will be obtained at each participating site before implementing

this study. This process will begin at McMaster University, and once received locally,
approval will be sought at all other participating CBDR sites across Canada. Recruitment
will not begin at any site until approval is obtained. Informed consent will be received

from every participant before completing the first PROBE questionnaire.

As with any electronic database, concerns surrounding breaches of confidentiality
are often present. In theory, it is not outside the realm of possibility that an unwanted
third party could gain access to data stored in such a database. That being said,
individuals that respond to the PROBE questionnaire in this study do so through their
MyCBDR accounts to limit this concern. In this study, PROBE questionnaire responses
will be housed in one database while baseline demographics and event information will
be housed in the CBDR database. The two will be linked with a unique 1D code. Given
that CBDR is a secure database and the PROBE database will not hold any identifying
information, the concern in breach of confidentiality should be minimal. All data will also
be kept on password protected computers with redundant hardware, mirrored hard disks,
and secure backup systems. Backup media will be managed following standard safety
procedures. Data collected on the PROBE website will be encrypted during transfer over

the internet with standard methods used for data protection (https protocol).
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10.0 FEASIBILITY
Certain aspects of feasibility have been mentioned throughout this proposal. First

of all, PROBE has been shown to be of low burden to individuals, as completion typically
requires only 15 minutes.*® In addition, the baseline characteristics section will be
removed from subsequent questionnaires to further lessen the burden of completion on

individuals.

As for the integration of PROBE and CBDR, both databases share a common
primary investigator and are approved by the Hamilton Health Sciences integrated REB.
By appropriately extending the REB approval, integrating the PROBE questionnaire and
the CBDR database should be a relatively simple task. In addition, both registries are
hosted at the Health Information Research Unit at McMaster University. Integrating the
two databases would require close collaboration with the IT group responsible for
maintaining the CBDR database, which is located on site. This team is in the process of
developing a mobile application to support longitudinal collection of PROBE, which will
also contain the ability to link these registries. This application will also facilitate PROBE

completion and will act as a reminder for participants.

Finally, this project also has the support of the CEO of the Canadian Hemophilia
Society, a member of the PROBE steering group, and an ambassador of CBDR, which

would further facilitate this process.
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11.0 LIMITATIONS
It has been suggested that using patient-reported anchors to evaluate a PRO

measures concurrent validity rather than responsiveness.?> Unfortunately, using an
objective anchor is not feasible for this study. In hemophilia, there are a few objective
outcomes that may be evaluated, but unfortunately, they only cover one isolated aspect of
the disorder. For example, using a target joint score as a method of determining which
patients have improved or deteriorated would demonstrate a potential change in QOL, but
only evaluates joint function and does not consider number of days of work or school
missed, for example. Having physicians collect a variety of these outcomes and make a
subjective decision on whether the patient has experienced a meaningful change would
not only be impractical but would also be subject to inconsistencies between raters. Given
this limitation, a patient-reported anchor is the best substitute available in for this study.
We anticipate that using multiple anchors as well as multiple distribution-based

approaches will provide a confident estimate of PROBE’s responsiveness.

Obtaining an adequate sample size may also be an area of concern. Although
individuals are likely to experience 2-4 bleeds a year, it is unknown what proportion of
those bleeds will result in a meaningful change. Ideally, each individual would experience
at least one meaningful bleed in the data collection period. Nevertheless, it is possible that
these types of bleeds are less common, resulting in a higher number of participants
needed to recruit. Unfortunately, if meaningful bleeds are more common, with the same
individual experiencing more than one in the study period, this will not decrease the

sample size required. In order to ensure independence of the data points, only one bleed
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will be used per participant during data analysis. Further, it is possible that the groups
chosen for subgroup analysis (namely severity of disease, type of hemophilia, age, type of
treatment schedule) will not be sufficiently large to provide good estimates. This is an
unfortunate limitation of working with rare conditions, such as hemophilia. Depending on
the final calculated sample size, it is possible that this study will not be feasible to
undertake. If the number of participants to recruit is exceedingly large, the study may

prove to be too expensive to fund.

Even with the estimates gained in the planned pilot trial, it is possible the recruited
participants will not experience enough events that result in important change. In
addition, it is possible that there are no meaningful changes in QOL observed in the
periods where no events were experienced. This is a potential limitation that is out of the
investigator’s hands. In order to limit the possibility of this issue occurring, the number of

recruited individuals should exceed the calculated sample size.

If the number of events required is not reached in this study, power will be
recalculated. The information gained from this study will be used to design a more

appropriately sized international study.
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12.0 STUDY IMPLICATIONS
This study will primarily help with the interpretability and clinical use of the

PROBE questionnaire. Understanding the MID will allow for the implementation of this
questionnaire in research trials and clinical use across the country. Knowing PROBE is
responsive to change in QOL opens the field to having a PRO measure that can be used in
studies of novel drug effectiveness. Physicians may also be able to implement PROBE as
a regularly collected item in their clinics. This would provide a method of understanding
the ways in which the patient has changed since their last appointment in an attempt to

provide more specific guidance or intervention.
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APPENDIX A- DISTRIBUTION-BASED FORMULAS®

SEM= SD(BaseIine) XVv1—R

ES= mean difference in scores / SD(gaseline)

SRM= mean difference in scores/ \/2(1 — R)
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APPENDIX B- MEASUREMENT PROPERTIES OF HEMOPHILIA
QUESTIONNAIRES*

Table 5 Measurement properties of hemophilia questionnaires previously evaluated in the literature

Questionnaire Internal Measurement | Test-Retest | Content Structural | Hypotheses Cross- Responsiveness
Consistency | Error Reliability | Validity Validity Testing Cultural
(total score) Validity
CHO-KLAT ? N/A +++ +++ N/A +++ N/A N/A
Haemo-QoL | + N/A N/A +++ ? + N/A N/A
Haemo-QoL Il + N/A + +++ ? + N/A N/A
Haemo-QoL I1I + N/A + +++ ? + N/A N/A
Haemo-QoL ? N/A + N/A + N/A N/A
Index
Hemofilia-QoL +++ N/A + +++ N/A + N/A N/A
Hemophilia +++ N/A ++ +++ +++ + N/A N/A
Well-Being
Index
HAEMO-QoL-A | +++ N/A ++ +++ ++ + ++ N/A
Haem-A-QoL ++ N/A + N/A N/A + N/A N/A
Haem-A-QoL ++ N/A ++ +++ N/A + N/A N/A
(elderly)

+++ or --- = strong evidence positive/ negative result, ++ or -- = moderate evidence positive/ negative result, + or - = limited evidence positive/ negative

result, ? = unknown due to poor methodological quality, N/A = no information available
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