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Abstract

Background: Recurrent angioedema (AE) is an important clinical problem in the context
of chronic urticaria (mast cell mediator-induced), ACE-inhibitor intake and hereditary an-
gioedema (both bradykinin-mediated). To help patients obtain control of their recurrent
AE is a major treatment goal. However, a tool to assess control of recurrent AE is not yet
available. This prompted us to develop such a tool, the Angioedema Control Test (AECT).
Methods: After a conceptional framework was developed for the AECT, a list of po-
tential AECT items was generated by a combined approach of patient interviews,
literature review and expert input. Subsequent item reduction was based on impact
analysis, inter-item correlation, additional predefined criteria for item performance,
and a review of the item selection process for content validity. Finally, an instruc-
tion section was generated, and an US-American-English version was developed by a
structured translation process.

Results: A 4-item AECT with recall periods of 4 weeks and 3 months was developed
based on 106 potential items tested in 97 patients with mast cell mediator-induced
(n = 49) or bradykinin-mediated recurrent AE (n = 48). Eighty-four items were ex-
cluded based on impact analysis. The remaining 22 items could be further reduced by
a method-mix of inter-item correlation, additional predefined criteria for item perfor-
mance and review for content validity.

Conclusions: The AECT is the first tool to assess disease control in recurrent AE pa-
tients. Its retrospective approach, its brevity and its simple scoring make the AECT
ideally suited for clinical practice and trials. Its validity and reliability need to be de-

termined in future independent studies.
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Development of conceptional framework for AECT

AECT item generation phase

Literature review
Semistructured patient interviews
Expert input

106 potentially

> relevant

AECT items

AECT item reduction phase

Impact analysis (n = 97 patients)

Inter item correlation, additional predefined criteria for
item reduction, expert review for content validity

> Exclusion of 84 items

> Exclusion of 18 items

Final 4-item AECT to assess disease control in patients with recurrent angioedema

GRAPHICAL ABSTRACT

After a conceptional framework was developed for the AECT, 106 potentially relevant questions were identified during the item generation
phase. The subsequent item reduction process, based on a combined approach of impact analysis and additional methods, selected a final
set of 4 questions. The final 4-item-AECT is easy-to-administer, easy-to-complete, and easy-to-score which makes it ideally-suited for clinical

practice and trials.
Abbreviation: AECT, angioedema control test

1 | INTRODUCTION

Recurrent angioedema (AE) is a frequent and highly relevant group
of disorders in dermatology, allergology and otorhinolaryngology,
but also in general and emergency medicine. Two major forms of
recurrent AE can be distinguished, (a) mast cell mediator-induced
recurrent AE, most commonly observed in chronic spontaneous ur-
ticaria (CSU), and (b) bradykinin-mediated recurrent AE, for example
in the context of hereditary or acquired angioedema due to C1-INH
deficiency (HAE-C1-INH or AAE-C1-INH), hereditary angioedema
(HAE) with normal C1-INH, or the intake of medication with effects
on the contact system (eg, ACE inhibitors).*? Angioedema (AE) and
wheals may also occur as a symptom in the context of anaphylaxis
and acute urticaria. However, in this case AE is usually not recurrent
but only occur as single episodes.

Assessing the disease status in recurrent AE patients is not a
trivial task. AE in recurrent AE almost always occurs unpredictably.
AE frequency and severity vary considerably, from uncomplicated
AE of the distal extremities to life-threatening laryngeal or severely
painful abdominal AE attacks. The signs and symptoms of recurrent
AE are usually absent when patients consult their physicians during
regular appointments. Accordingly, it is difficult for physicians to re-
liably assess the disease status of recurrent AE patients. As of yet,
the only tools available to determine the current disease situation
in recurrent AE patients are the Angioedema Activity Score (AAS),2
which measures disease activity, and the Angioedema Quality of Life
Questionnaire (AE-QoL),* which assesses the impact of recurrent AE

on the patient's life.

The AAS works as a daily diary and requires a certain level of
patient compliance to yield reliable results.>® It is a useful tool in
clinical studies, but has limitations in daily routine care: (a) it works
as a prospective tool, and accordingly, no AAS result can be obtained
during a first patient contact; (b) its evaluation requires some prac-
tice and more time than is usually available in routine patient care.

The AE-QolL is a retrospective patient-reported outcome measure
(PROM) that determines the extent and the pattern of recurrent AE-
related quality of life impairment. Like the AAS, the AE-QoL proved to
be a useful tool in clinical studies, but has limitations with regard to its
application in daily care®”: (a) its score calculation is rather complex
so that its result is usually not immediately available during the pa-
tient consultation, that is when treatment decisions need to be made,
(b) the interpretation of its results and changes requires experience.

More importantly, the AAS and the AE-QoL measure dis-
ease activity and impact, respectively, but not disease control.
Recurrent AE often results in patients being controlled by their dis-
ease. The burden and unpredictability of attacks that comes with
having recurrent AE result in reduced control or a loss of control in
virtually all areas of patients' life including their partnerships and
family life and planning, performance at school and work, career
and lifestyle choices including travel, sports and leisure activities,
sleep and relaxation, and mental health. In turn, disease control is
a major treatment goal in recurrent AE management. Recurrent
AE patients expect from their treating physicians' treatment and
guidance that helps them to control their disease and to stop their
lives from being controlled by their disease. For recurrent AE due

to chronic urticaria, all recommended treatments are symptomatic
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and aimed at the prevention of swellings, and the current inter-
national guideline recommends the use of PROMS to assess and

monitor disease control.*®

The current international guideline for
HAE recommends “that patients are evaluated for long-term pro-
phylaxis at every visit” and that “disease burden and patient pref-
erence should be taken into consideration”.!* This guideline also
recommends the use of PROMs to assess and monitor patients.
However, a tool to assess disease control in patients with recurrent
AE is not yet available.

This prompted us to develop a novel, retrospective PROM for re-
current AE to quantify and monitor disease control, the Angioedema
Control Test (AECT). The aim of the development process was to
generate a PROM that is as straightforward and as short as possible,
easy to administer and fast to complete, as well as easy and fast to

evaluate and to interpret.

2 | METHODS

The development of the AECT consisted of two main phases,

item generation as well as item reduction and selection. The

TABLE 1 Patient sample characteristics

AECT item generation phase (patient interviews)

methods applied followed current recommendations for PROM

development.*?

2.1 | Item generation

The first step of the item generation phase was to convene an ex-
pert working group to (a) generate a conceptual framework for the
AECT, (b) to contribute to the development of potential AECT items
including their answer options and the definition of recall periods,
(c) to define methods and criteria for the reduction and selection of
AECT items, (d) to review the reduction process of AECT items for
content (face) validity and (e) to define criterion measures of angi-
oedema control (anchors) to be used during the validation of the
AECT.

In a second step, an unselected list of potential AECT items and
answer options was generated by means of semi-structured patient
interviews, literature review and expert opinion from the expert
working group. Answer options had to (a) be understandable and
appropriately worded, (b) have similar intervals between response

choices (to enable subjects to clearly identify the individually best

AECT item selection phase (patient study)

Mast cell mediator-
All induced recurrent
patients AE

Patient, n (%) 25(100%) 9 (36%)
Gender

Female 16 (64%) 7 (78%)

Male 9 (36%) 2 (22%)
Age

<20y 1(4%) 1(11%)

21-40y 9 (36%) 3(33%)

41-60y 8(32%) 2 (22%)

61-80y 7 (28%) 3 (33%)

>80y - .

Unknown - -
Disease duration

0-2y - -

>2-10y - -

>10y - -

Not assessed/Unknown 25 (100%) 9 (100%)
Disease severity®

Mild 3(12%) 2 (78%)

Moderate 17 (68%) 7 (22%)

Severe 5(20%) -

Unknown - -

Abbreviations: AE, angioedema; AECT, Angioedema Control Test.
?Physician global assessment.

Bradykinin- Mast cell mediator- Bradykinin-
mediated All induced recurrent mediated
recurrent AE patients AE recurrent AE
16 (64%) 97 (100%) 49 (51%) 48 (49%)

9 (56%) 58 (60%) 31 (63%) 27 (56%)

7 (44%) 39 (40%) 18 (37%) 21 (44%)

- 1(1%) - 1(2%)

6 (38%) 28 (29%) 9 (18%) 19 (40%)

6 (38%) 35 (36%) 18 (37%) 17 (35%)

4 (25%) 32 (33%) 22 (45%) 10 (21%)

- 1(1%) - 1(2%)

- 15 (15%) 12 (24%) 3 (6%)

- 25 (26%) 23 (47%) 2 (4%)

- 54 (56%) 13 (27%) 41 (85%)

16 (100%) 3 (3%) 1(2%) 2 (4%)
1(6%) - - _

10 (63%) - - _

5(31%) - - _
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Angioédemkontrolitest
(AECT)

Name: Datum: .

(A)

Geburtsdatum: .

Anleitung: Sie haben wiederkehrende Schwellungen (Angioddeme). Angio6deme sind fliichtige,
viele Stunden bis wenige Tage anhaltende, tief sitzende Schwellungen der Haut oder Schleimhaute,
z.B. der Lippen, Augenlider, der Zunge, Hénde oder Fiie. Manche Patienten leiden auch unter
Angioddemen im Bauchinnenraum. Diese sind oft nicht sichtbar aber schmerzhaft. Bei anderen
Patienten kdnnen neben Angioédemen auch Quaddeln an der Haut auftreten.

Mit den folgenden vier Fragen soll Ihre aktuelle Krankheitssituation erfasst werden. Bitte wéhlen Sie
aus den funf Antwortmdglichkeiten jeweils diejenige aus, die fur Sie am besten zutrifft. Bitte
beantworten Sie alle Fragen und wahlen Sie fiir jede Frage nur eine Antwort aus.

1. Wie oft hatten Sie in den letzten 3 Monaten Angio6deme?

O sehr oft O oft O gelegentlich O selten O gar nicht

2. Wie sehr war lhre Lebensqualitat in den letzten 3 Monaten durch Angioédeme beeintrachtigt?

O sehr stark O stark O mittelmaRig O kaum O gar nicht

3. Wie sehr hat Sie die Unvorhersagbarkeit von Angio6édemen in den letzten 3 Monaten belastet?

O sehr stark O stark O mittelmaRig O kaum O gar nicht

4. Wie gut waren lhre Angioddeme in den letzten 3 Monaten durch Ihre Therapie unter Kontrolle?
O gar nicht O kaum O mittelmaRig O gut O sehr gut

This document must not be copied or used without the permission of MOXIE GmbH. For scientific or commercial use or in case a
translation / cross cultural adaptation is intended, please check the terms and conditions on www.moxie-gmbh.de.

Angioedema Control Test

®) (AECT)

Patient name: Date: (dd mmm yyyy):

Date of birth (dd mmm yyyy):

Instructions: You have recurrent swelling referred to as angioedema. Angioedema is a temporary
swelling of the skin or mucous membranes which can occur in any part of the body but most
commonly involves the lips, eyes, tongue, hands and feet and which can last from hours to days.
Some patients develop abdominal angioedema, which is often not visible but painful. Some forms of
swelling can also be associated with hives also known as urticaria.

The following four questions assess your current state of health. For each question, please choose
the answer from the five options that best fits your situation. Please answer all questions and please
provide only one answer to each question.

1. In the last 3 months, how often have you had angioedema?

O very often O often O sometimes O seldom O not at all

2. Inthe last 3 months, how much has your quality of life been affected by angioedema?

O very much O much O somewhat O a little O not at all

3. Inthe last 3 months, how much has the unpredictability of your angioedema bothered you?

O very much O much O somewhat O a little O not at all

4. In the last 3 months, how well has your angioedema been controlled by your therapy?

O not at all O allittle O somewhat O well O very well

This document must not be copied or used without the permission of MOXIE GmbH. For scientific or commercial use or in case a
translation / cross cultural adaptation is intended, please check the terms and conditions on www.moxie-gmbh.de.

FIGURE 1 A, Angioedema Control
Test (AECT)—German version. B, AECT—
American-English Translation [Color figure
can be viewed at wileyonlinelibrary.com]
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matching response), (c) allow for, but not favour, extreme answers
and (d) not require patients to consult any records.

In total, 25 patients were included in the semi-structured patient
interviews until saturation was reached, that is until the perfor-
mance of additional interviews was not likely to add further aspects
relevant for item generation (mean age in years + SD: 46.9 + 15.9,
median: 51; CSU: n = 9, mean age in years + SD: 45.0 + 17.1, median:
52; HAE: n = 16, mean age in years + SD: 47.6 + 15.7, median: 46.5;
Table 1). During these interviews, all patients were asked to describe

in their own words:

e The recurrent AE signs and symptoms they are experiencing or
have experienced in the past

e What it means for them to suffer from recurrent AE

e What bothers them the most with regard to their recurrent AE

o What questions best to be asked in order to determine how well

their recurrent AE is currently under control.

In addition, all patients were asked, which recall period is suffi-
cient and appropriate in order to determine reliable information on
the current level of AE control. Eligible for inclusion were all adult
patients with mast cell mediator-mediated or bradykinin-mediated
recurrent AE.

The literature review was performed on already existing out-
come measures in the field of recurrent AE, data on the signs and
symptoms of recurrent AE, and data on the impact of recurrent AE
on patients' lives. We also assessed published information on how
to best measure disease control in conditions with a pattern of un-
predictable symptom occurrence and high variability of disease ac-
tivity, that is conditions that are comparable to recurrent AE such as

asthma, chronic urticaria and migraine.

2.2 | AECT item reduction and selection phase

The aim of the item reduction and selection phase was (a) to delete
all items of the unselected list of potential AECT items with low rel-
evance and importance for the patients, (b) to delete all redundant
items in favour of items with equal or better properties, (c) to delete
as many questions as possible in order to minimize the burden for
patients (respondent burden), but also to keep as many items as re-
quired to maintain a high level of content validity.

In order to achieve these aims, recurrent AE patients were re-
cruited at the AE specialist centre of the Department of Dermatology
and Allergy, Charité—Universitatsmedizin, into the AECT item selec-
tion study, after approval had been obtained from the responsible
institutional review board (ethics vote number: EA1/286/15). All par-
ticipants provided written informed consent. Eligible for inclusion
were, as in the semi-structured interviews, all adult patients with
expert-diagnosed mast cell mediator-mediated or bradykinin-me-
diated recurrent AE. In the AECT item selection study, participants
were asked to answer all potential AECT items of the unselected

list of the item generation phase as well as to evaluate each item's

understandability by using paper forms. In addition, an impact anal-
ysis was performed.

2.2.1 | Impact analysis

For the impact analysis,'®*

all patients were asked to specify which
of the potential AECT items they had experienced during the last year
(answer options: “yes” or “no”) and to rate the importance of each item
(answer options: 1 = “not important” to 5 = “extremely important”).
Each item's “frequency” was then calculated as the percentage of pa-
tients who reported to have experienced the item. Each item's “impor-
tance” was calculated as the mean of all available importance scores.
Subsequently, each item's “impact” (impact score) was computed by

the multiplication of “frequency” and “importance.”

2.2.2 | Inter-item correlation

An inter-item correlation was performed to identify redundant
items by using Spearman rank correlation with the results of all
items selected during the impact analysis. The interpretation of the
Spearman rank correlation coefficient was as follows: .3-.49 moder-
ate correlation, .5-.69 strong correlation, 2.7 very strong correlation
(indicating redundancy of items).

2.2.3 | Criteria for the deletion of items

The primary criterion for the deletion of items from the unselected
list was a low impact score (<1.5 points) in the impact analysis.

Additional criteria for not selecting items for the final AECT were
as follows:

e Floor and ceiling effects (items for which a major proportion of
patients [>40%] chose response options at the VRS ends, indicat-
ing a poor variability of responses)

e Missing responses (items with a considerable number of missing
responses [>5%], indicating poor relevance of the item or difficul-
ties of the patients to understand the item content)

e Poor relevance (items that were indicated as relevant by <70% of
patients in the impact analysis [“frequency” of <0.7])

e Very strong inter-item correlation (item-item correlation of 2.7 as
a measure of item redundancy [see also above]; items are deleted
in favour of alternative items with better properties and/or better
face validity for collection of the intended item content)

e Absolute values of the impact score (in case of redundant items with
animpactscore >1.5, the items with lower impact scores were deleted)

e Poor understandability (items marked as poorly understandable
by >5% of patients)

e Poor content validity (expert group agrees that an item or item set
needs to be deleted or replaced to ensure/maintain the content
[face] validity of the final AECT item set)
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TABLE 2 Selection, reduction or adjustment of items after impact analysis

Items

13
14

31

47
49

50

73

74

75

76

77

78

79

80

101

102

103

104

106

Item content

Suffering from skin swelling (how often)

Suffering from skin swelling (how much)

Suffering from skin swelling in the face (how often)
Suffering from painful swelling (how often)

Suffering from painful swelling (how much)

Impairment of physical fitness (how often)

Impairment of work, school or housekeeping (how often)

Impairment of private life (how often)

Impairment of private life (how much)

Impairment of quality of life (how often)

Impairment of quality of life (how much)

Suffering from unpredictability of swelling episodes
(how much)

Feeling insecure (how often)

Fear of new swelling episodes (how often)

Fear of new swelling episodes (how much)

Fear of a worsening of the angioedema disorder (how
often)

Fear of a worsening of the angioedema disorder (how
much)

Treatment sufficient to control angioedema complaints
(how often)

Treatment not sufficient to control angioedema
complaints (how often)

Unplanned intake of medication for swelling episodes
(how often)

Feeling of control over the swelling episodes because of
current treatment (how much)

Overall control over recurrent swelling episodes (how
well)

Item domain

Signs and symptoms
Signs and symptoms
Signs and symptoms
Signs and symptoms

Signs and symptoms

Quality of life

Quality of life
Quality of life

Quality of life

Quality of life

Quality of life

Anxiety/Fears

Anxiety/Fears

Anxiety/Fears

Anxiety/Fears

Anxiety/Fears

Anxiety/Fears

Effectiveness of
therapy

Effectiveness of
therapy

Effectiveness of
therapy

Effectiveness of
therapy

Impact
score

1.82
1.62
1.54
1.62
1.56

1.60
1.58

1.94

1.98

1.87

191

1.85

2.69

1.98

2.08

2.88

2.87

Discrepancy of
impact score (HAE
vs CSU)?

++ (CSU > HAE)
+++ (HAE > CSU)
++ (HAE > CSU)

+ (HAE > CSU)

+ (HAE > CSU)

Inter-item
correlation (r 2 .7)

Item 2

Item 1

Items 14, 31, 73
Items 13, 31

Items 13, 14, 47, 49,
50,73

Items 31, 49, 50, 73

Items 31, 47, 50,
73,74

Items 31, 47, 49,
73,74

Items 13, 31, 47, 49,
50, 74,75

Items 49, 50, 75, 76

Items 73, 74,76, 77,
78,79, 80

ltems 74, 75,77, 78,
79,80

Items 75, 76, 78,
79,80

Items 75, 76, 77,
79,80

Items 75, 76, 77,
78,80

Items 75, 76, 77,
78,79

Items 104, 106

Item 101

Item 101

Abbreviations: AE, angioedema; AECT, Angioedema Control Test; CSU, chronic spontaneous urticarial; HAE, hereditary angioedema.

?Discrepant impact score between CSU and HAE patients (+ > 0.5, ++ > 1.0, +++ > 1.5, for details also see Table S1)

PAdditional Reasons for not selecting items for the final AECT: b1) floor responses >40%, b2) ceiling responses >40%, b3) missing values in >5% of
patients, b4) frequency <0.7 (<70%).
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Additional reasons
suggesting deletion
of item®

b1, b4
b1, b4
b1, b4

b4

b4
b4

b4

b4

b4

b4

b2, b3

b2, b3, b4

b3, b4

b3

Interpretations and expert consensus on the selection, deletion or adjustment of items

Items 1, 2, 5, 13 and 14 comprise of questions best assignable to one domain (signs and symptoms).

Items 1, 5 and 13 on the frequency (how often) of swellings episodes scored higher in the impact analysis as compared to
the directly related, redundant items 2, 6 and 14 with a severity rating (how much). Accordingly, the “signs and symptom”
item should ask for the frequency.

The experts decided that it makes sense to only include one item on RA “signs and symptoms” in the final AECT in order
to avoid an overrepresentation of the “signs and symptoms” domain in the final AECT.

The experts concluded that none of the impact analysis suggested items 1, 2, 5, 13 and 14 has the property to serve as
an overarching “signs and symptoms” item for CSU and HAE since the items either only ask for skin swelling episodes,
skin swelling episodes in the face or painful swelling episodes.

The experts decided to replace items 1, 2, 5, 13 and 14 by the overarching item: “How often have you had angioedema”
that works independent of skin area, body area (dermal, mucosal, intra-abdominal) or pain.

Items 31, 47, 49 and 50 represent specific items to determine “functioning” and “social” aspects of health-related quality
of life impairment due to recurrent AE.

The experts decided that it makes no sense from the content validity perspective to combine overarching items 73 and
74 and more specific items 31, 47, 49 and 50 in the final AECT and to only keep one overarching item in the final AECT,
also having the administrator and respondent burden in mind.

The impact scores of the overarching quality of life items 73 and 74 are higher as compared to the impact scores of items
31,47,49 and 50.

The overarching quality of life items 73 and 74 but not items 31, 47, 49 and 50 reach the additional criterion of
frequency >70% (see Table S1).

The impact score was marginally higher for item 74 as compared to item 73. In accordance with this result, the expert
group felt that from the content validity perspective it makes more sense to determine information on how much the
quality of life is impaired by recurrent AE than to ask for how often quality of life was impaired.

The inter-item correlation supported the selection of item 74 for the AECT, since item 74 showed very strong
correlations (surrogate for redundancy) with all other items 31, 47, 49, 50 and 73.

Items 75, 76, 77,78, 79 and 80 represent specific items to determine “anxiety/fears” associated with recurrent AE.
The experts decided that it makes sense to select only one question from the domain “anxiety/fears” in order to not
overrepresent this aspect in the final AECT, also having the administrator and respondent burden in mind.

The experts felt that the unpredictability of recurrent AE attacks is a major driver of anxiety and fears associated with
recurrent AE. The unpredictability of attacks goes along with a feeling of being insecure (item 76), the fear of new
swelling episodes (items 77 and 78) as well as the fear of a worsening of the recurrent AE disorder in general (items 79
and 80).

The impact scores of items 75, 77 and 78 were higher as compared to items 76, 79 and 80.

Items 75, 77 and 78 but not items 76, 79 and 80 reached the additional criterion of frequency >70% (see Table S1).
The experts regarded item 75 to best capture information on the “anxiety/fears” domain.

The inter-item correlation supported the selection of item 75 for the AECT, since item 75 showed very strong
correlations (surrogate for redundancy) with all other items 76, 77, 78, 79 and 80 of the “anxiety/fears” domain

Items 101, 102, 103 and 104 represent specific items to determine “effectiveness of treatment” for recurrent AE.

The experts felt a major redundancy between items 101, 102, 103, 104 and item 106, although the latter does not
address “effectiveness of treatment” specifically. This feeling was backed by the very strong inter-item correlation
between item 101 and items 104 and 106.

The experts decided that it makes sense to select only one item from the domain “effectiveness of treatment” in order to
not overrepresent this aspect in the final AECT, also having the administrator and respondent burden in mind.

The impact scores of items 104 and 106 were higher as compared to items 101, 102 and 103.

All items 101, 102, 103 and 104 but not 106 exhibited additional criteria for not selecting items (ie, floor effects, ceiling
effects, missing items, frequency <70%).

The experts felt from the content validity (face validity) perspective that item 106 is not a suitable item to capture
“effectiveness of treatment” but due to its overarching nature also not a suitable item for the AECT in general.

The experts decided to replace items 101, 102, 103, 104 and 106 by a new item combining the content of items 101 and
106: “how well has your angioedema been controlled by your therapy”,
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Items/Domains

General concept

[ AE signs and symptoms

[ Impact of AE

[ Effectiveness of therapy

FIGURE 2 Conceptional framework of the Angioedema Control
Test (AECT) [Color figure can be viewed at wileyonlinelibrary.com]

2.3 | Final formatting of the AECT

After the item reduction and selection phase were completed, the
selected item set was used as the final AECT in a following validation
study. In addition, an instruction section was generated by the ex-
pert group. The aim of the instruction section was to ensure that the
AECT can be used as a self-administered questionnaire, that is that
all patients are able to fully understand and correctly complete the
AECT without further help of any other person. Subsequently, cogni-
tive debriefing interviews were performed with three recurrent AE
patients in order to verify the clarity and readability of the instruction
section as well as of the selected item set and their response options.

2.4 | Development of an American-English version

To generate a US-American-English version of the AECT, two in-
dependent forward translations to US-American-English were per-
formed by native US-American-English speakers bilingual in the
source language German. Both forward translations were recon-
ciled and then reviewed and edited by an US-American AE expert.
Subsequently, a back-translation was performed by a German native
speaker bilingual in the target language and the backward transla-
tion was compared with the original German AECT and a final US-
American-English consensus version was generated.

2.5 | Statistical analysis
All statistical analyses were performed using SPSS (IBM SPSS
Statistics Version 22; IBM Corporation). The statistical methods ap-

plied are described in the respective Methods and/or Results sec-

tions of this manuscript.

3 | RESULTS

This work resulted in the generation of the 4-item Angioedema
Control Test (AECT; Figure 1A). We also developed, in a structured

translation process, an US-American-English version of the AECT
(Figure 1B). In the following, the results of the item generation and

item selection process are described.

3.1 | Conceptional framework

As a result of the development of the conceptional framework of
the AECT (Figure 2), its main purposes were defined to be (a) the
detection of the overall level of recurrent AE control and (b) the
detection of changes in angioedema control over time, for exam-
ple before and after the adjustment of therapy. Recurrent AE con-
trol was defined as the level of control over recurrent AE (its signs
and symptoms as well as its impact) that is achieved by the cur-
rent treatment strategy (effectiveness of treatment). The target
group of the AECT was defined as all patients with recurrent AE
including patients with mast cell mediator-induced recurrent AE
and patients with bradykinin-mediated recurrent AE. Accordingly,
it was regarded as critical to include patients with both recurrent
AE subtypes in the AECT development process. The type of as-
sessment done with the AECT was defined as being retrospective
to make sure that AECT results are available directly after admin-
istration and because a retrospective assessment has proven use-
ful in other already available and well-established disease control

tests. 1415

3.2 | AECT item generation

As the result of the item generation phase, an unselected list of
106 potential AECT items was created based on the combined ap-
proach of patient, literature and expert input (Table S1). Answer
options were generated as 5-point verbal rating scales (VRS). The
format of the 5-point (VRS) was regarded, by the expert group, to
best allow for an appropriate, balanced set of options that does
not bias the direction of responses towards one end of the scale
(with a classical middle option, two extreme options and two inter-
mediate options). Another basis for the decision to use a 5-point
VRS was that this scale has been found to work well in already ex-
isting disease control tests.!**> The score range of all answer op-
tions was defined to be similar for all items (0-4 points) to ensure
equally weighted item scores, with low item scores indicating re-
sponse options associated with poor disease control and high item
scores indicating response options associated with well-controlled
recurrent AE.

Finally, the recall period was defined based on the expert and
patient input to be 3 months. However, the duration of patient sug-
gested recall periods varied widely, and some experts felt that a re-
call period of 4 weeks is sufficient in many patients. Therefore, it
was decided by the expert group to include two AECT versions in a
subsequent validation study, one with a recall period of 4 weeks and

another with a recall period of 3 months.
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3.3 | AECT item selection

In total, 97 recurrent AE patients took part in the AECT item selection
study (mean age in years + SD: 50.5 + 15.5, median: 49.5). Of these, 49
had mast cell mediator-induced recurrent AE (mean age in years + SD:
55.4 + 14.6, median: 54) and 48 had bradykinin-mediated recurrent AE
(mean age in years + SD: 45.4 + 15.3, median: 43; Table 1).

The impact analysis, as the primary method to reduce items, ex-
cluded 84 items, based on a low impact score of <1.5, in all of which
additional deletion criteria also applied (Table S1). None of the 22
remaining items was marked as poorly understandable by >5% of
patients. Separate impact analyses for patients with mast cell me-
diator-induced and bradykinin-mediated recurrent AE (Table S2a,b)
showed that the former exhibit higher impact scores for items ad-
dressing AE in the face, impairment of appearance due to AE, and
itching of AE. Patients with bradykinin-mediated recurrent AE had
higher impact scores for items addressing intra-abdominal AE, pain-
ful AE and impairment of physical fitness due to AE.

The 22 items with an impact score 21.5 were found by the ex-
pert group to be attributable to four domains: “signs and symptoms,”

» o«

“quality of life,” “anxiety/fear” and “effectiveness of treatment”
(Table 2). In order to further reduce the item set, an inter-item cor-
relation was done (Table 3). Very strong correlations were identified
primarily between items previously assigned to the same domains,
further supporting the domain structure and providing a basis for
the deletion due to redundancy inside the domains (documented in
Table 2). No major differences with regard to the direction and over-
all pattern of the correlations were detected between both recur-
rent AE patient groups (Table S3a,b).

The use of the impact score and discrepancies between the two
recurrent AE patient groups, of the inter-item correlation, positivity
of additional predefined criteria for the deletion of items as well as a
review for content (face) validity by the expert group with regard to
single item content but also the overall composition of items led to a
selection of a final set of 4 AECT items. Details on the decisions for de-

leting, keeping order modifying single items are documented in Table 2.

4 | DISCUSSION

In all patients with recurrent AE, a repeated assessment of the
disease status is critical to evaluate whether the current treat-
ment is still sufficient or not. Recurrent AE disease activity can
vary strongly over time, and insufficiently controlled disease goes
along with an increased risk for life-threatening AE episodes and
major impairment of patients' quality of life.%'®?! On the other
hand, an adjustment of treatment may increase treatment costs,
for example when a CSU patient's therapy is changed from an an-
tihistamine to omalizumab or when a prophylaxis with a C1 inhibi-
tor or lanadelumab is initiated in HAE patients.???® Accordingly,
the assessment of disease control in recurrent AE should be per-
formed by using a valid and reliable approach. This ensures that

changes in treatment are done in the right (undertreated) patients

and that the reasons for keeping or changing a therapy are well-
documented. Here, we report the development of a tool that
makes this possible, the AECT, the first PROM to instantly assess
angioedema control in recurrent AE patients.

After the development of a conceptual framework for the AECT,
106 items were generated by a combined approach of different
methods ensuring that all important perspectives (of patients and
experts) were adequately considered. We regarded it as critical to
not preselect any contents for the 106 item long list of the item gen-
eration phase to avoid missing any unexpected aspects important
to patients. In the subsequent AECT item selection study, patient
input was again critical. The results of the impact analysis served
as the primary criterion for item deletion. A mix of additional crite-
ria made it possible to extract only the most important items (con-
tents) from the remaining 22 items after the impact analysis and to
reduce the total number of items to only four. This final set of four
AECT items was found to be well in line with the initially developed
conceptual framework, with three items clearly attributable to the
domains “signs and symptoms,” “impact” and “effectiveness of treat-
ment,” respectively. The 4th item addresses the important aspect of
unpredictability, which correlates strongly with anxiety and fears of
recurrent AE patients (inter-item correlation analysis).

Notably, the content of the four selected items resembles the
contents and item number identified in the development process of
the Urticaria Control Test (UCT), which has been proven to be well
suited for the assessment of disease control in patients with chronic
urticaria. Chronic urticaria shares important characteristics with re-
current AE, such as the unpredictable occurrence of signs and symp-
toms and the high variability of disease activity. Finally, the selection
of only 4 items for the final AECT ensures a low administrator and
patient (respondent) burden, which is of paramount importance for
the broad acceptance and implementation of PROMs in daily patient
care.

It was the aim to develop an overarching control test that works
equally well in all types of recurrent AE. However, there are some
evident clinical differences between the two main disease groups
included in this work, mast cell mediator-mediated recurrent AE, for
example in CSU patients, and bradykinin-mediated recurrent AE,
for example in patients with HAE. While HAE but not CSU patients
frequently suffer from painful abdominal attacks, CSU patients' AE
sometimes presents with an itch component. Accordingly, special
attention was given to equal relevance and importance of all finally
selected items for both disease groups by the expert working group.
Fortunately, the predefined criteria for item deletion only led to re-
maining items with comparable relevance and importance for CSU
and HAE patients.

This report does not provide answers on the validity and re-
liability of the AECT and its results. In addition, a clear cut-off
value still needs to be established for the identification of patients
with poorly vs well-controlled recurrent AE, which is critical for
guiding treatment decisions. Finally, the smallest score change
that is meaningful for patients (minimal clinically important dif-

ference) needs to be identified in order to enable an adequate
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interpretation of AECT score changes over time, for example be-
fore and after treatment adjustment. All of this will be addressed
by an ongoing validation study.

Since it was difficult to determine the best suitable recall period
from the patients' perspective but also from the experts' view, the
AECT validation study will also address and answer this question by
carrying two AECT versions, one with a recall period of 4 weeks and
another with a recall period of 3 months.

The limitations of this work include that (a) only CSU and HAE
patients took part in the item generation and selection phases but
no recurrent AE patients of other causes, for example ACE-inhibitor-
associated AE. Accordingly, it cannot be fully excluded that item se-
lection would have been different in the missing patient groups. (b)
Although most criteria of the item reduction were predefined and
transparent, the review for content (face) validity always carries a
subjective component, so that it cannot be excluded that a differ-
ent expert working group may have decided slightly differently with
regard to the finally selected items. (c) While a higher proportion
of female patients in this study was expected based on the known
female preponderance among recurrent AE patients, it may also
have caused a gender bias in the AECT questionnaire. Therefore, it
is important to consider and examine potential gender differences
in AECT results and clinimetric properties in future validation stud-
ies. (d) Finally, no children or adolescents were included in this work,
which makes it unclear if the AECT item set is equally well suited for
children and adolescents.

In conclusion, the final 4-item AECT is the first PROM to assess
disease control in recurrent AE patients. Its retrospective approach,
its brevity and its simple scoring ensure a low administrator and pa-
tient burden and allow for its application in daily patient care and
clinical trials. Validation studies are needed to further characterize
the AECT validity, the AECT reliability and to define relevant cut-off
values.
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