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Abstract
Background: The introduction of new therapy modalities has signi�cantly improved the outcome of
aplastic anemia (AA) and paroxysmal nocturnal hemoglobinuria (PNH) patients. However, relatively little
is known about the exact disease burden of AA/PNH since standardized assessments of symptoms
including health-related quality of life (HRQoL) are frequently missing or inadequately designed for this
rare patient group. We aimed to develop AA/PNH-speci�c questionnaires for self-reporting of symptoms,
which could be included in electronic platforms for data collection and patient care.

Methods: By scoping review, we extracted any reported symptoms in AA/PNH and their prevalence from
the literature (Phase I). Consensus rounds with patients and medical experts were conducted to identify
core symptoms reported in the literature and to add missing items (Phase II). Ultimately, AA/PNH-speci�c
patient-reported outcome (PRO) questionnaires including the selected measures were designed (Phase
III).

Results: AA symptoms from 62  and PNH symptoms from 45 observational studies were extracted from
the literature. Twenty-four patients and seven medical experts identi�ed 11 core symptoms including
HRQoL issues after three consensus rounds. Signi�cant differences in the symptom ranking of patients
versus medical experts could be observed. Therefore, patient- as well as expert-centered PRO
questionnaires in AA and PNH were created following the concepts of validated instruments.

Conclusion: The development of symptom self-reporting questionnaires for AA and PNH was feasible
and the disease-speci�c PRO questionnaires can now be validated within a web-based work�ow in a
subsequent feasibility study.

Background
Aplastic anemia (AA) and paroxysmal nocturnal hemoglobinuria (PNH) are two very rare hematologic
diseases [1], which can overlap or occur independently. While considerable progress has been made in the
understanding of the pathophysiology and treatment of AA/PNH in the last decades, relatively little is
known about the exact disease burden on physical, mental and social health. With the implementation of
the international PNH registry, clinical symptomatology and health-related quality of life (HRQoL) issues
have been addressed systematically for the �rst time in PNH [2], asking for patient-reported symptoms at
enrollment and documenting HRQoL by using the European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire (EORTC-QLQ)-C30 [3] and the Functional Assessment of Chronic
Illness Therapy Fatigue Instrument (FACIT-Fatigue) [4]. However, the latter two instruments were primarily
developed for cancer patients. In AA a comparable registry does not exist, hence symptoms and HRQoL
are mainly published as side observations within case reports, observational studies and interventional
trials. This lack of standardized symptom assessment in AA/PNH has recently led a German expert group
to develop the �rst disease-speci�c HRQoL questionnaire for AA and/or PNH [5, 6]. This marks a key step
for improving data collection in this rare disease group. Nonetheless, the current standard method for
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recording symptoms includes paper forms �lled out by medical staff instead of patients directly. This
could lead to underreporting as symptoms are undetected by clinicians up to half the time [7]. In
consequence, this approach has been questioned to be e�cient, and concerns have been raised that it
re�ects only partially the real patient experience [8]. As an alternative method, direct reporting of
symptoms by patients as ‘patient-reported outcomes’ (PRO) has been increasingly advocated to improve
data collection, quality of care and patient outcome [9]. In particular, electronic systems offer accessible
and feasible options for recording PRO (ePRO) on a regular basis by patients. Combined with a feedback-
system to physicians this has shown to improve HRQoL and adherence to therapy, reduce admissions to
the emergency department or hospital, thus leading to a better overall survival in cancer patients [10, 11].
Based on these considerations and since systematic PRO collection has not been performed in these rare
diseases so far, we saw a high potential of ePRO in AA and/or PNH. To achieve this objective, we
designed the following study in three phases: First, we conducted a scoping review to collect any reported
symptoms of patients with AA and/or PNH in the literature. Second, we aimed to identify core symptoms
from the literature review as well as missing items by consensus rounds with medical experts and
patients. In this context, we were particularly interested in measures indicating signi�cant health
deterioration and life-threat. The results of the scoping review and consensus rounds built the basis for
the third phase, in which we developed a concise disease-speci�c PRO questionnaire for AA/PNH
patients, which could be incorporated into a electronic platform for data collection and patient care in the
future.

Methods

Phase I (Scoping Review)
We carried out a scoping review to provide a synthesis of patient-reported symptoms in AA/PNH. Scoping
reviews yield quanti�ed results about the knowledge available on a particular topic, differing from
systematic reviews as they focus on a broader research question and less on the quality of evidence [12].

Eligibility criteria
We included patients of all ages diagnosed with either acquired AA and/or PNH. Patients with inherited
bone marrow failure have been excluded. Studies reporting clinical symptoms related to AA/PNH and
adverse events of commonly used AA/PNH therapies (e.g. ciclosporin, anti-thymocyte globulin,
hematopoietic stem cell transplantation, eculizumab) were eligible. We did not include signs found by
clinical examination (e.g. thrombosis, splenomegaly) or results of laboratory-based investigations (e.g.
cytopenia, hemolysis parameters). Randomized controlled trials (RCT), observational studies as well as
case reports/series were the basis for the review. We excluded animal-only studies, abstract-only
publications, editorials, reviews, comments, letters, correspondences, conference abstracts and expert
opinions. English and German literature published between 1980 and the 22. January 2019 was reviewed.
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Identi�cation of relevant literature
A comprehensive scoping search on Medline and Embase via Ovid was conducted to determine the
feasibility of the search. We developed the search strategy in consultation with a medical information
specialist (HE) experienced in systematic reviews. Our search strategy included terms around the
population and concept of PRO (Supplementary Table 1). We used text words and subject headings.
Compared to Medline, Embase offered a subject heading for the term ‘paroxysmal nocturnal
hemoglobinuria’ and retrieved more hits, hence we decided to run a full search on Embase via Ovid only.
In addition, we conducted a search on Google Scholar for the detection of the most recent publications in
January 2019 (Supplementary Table 2). The data search was performed between December 2018 and
22. January 2019.

Data collection and analysis

Study selection
Two reviewers (BD, KW) identi�ed inclusion and exclusion criteria for the title/abstract- and the full-text
screening (Supplementary Tables 3 and 4). The title/abstract screening and the screening of all
potentially relevant full texts were done in duplicate (BD and KW) in batches of 100 and 53 references,
respectively. Any disagreements regarding eligibility were resolved by joint review and discussion. When
the researchers reached a consensus of at least 90%, one reviewer (KW) continued the screening process
of the remaining references alone.

Data extraction
One reviewer (KW) extracted study characteristics of the included studies categorized by disease (AA,
PNH, AA-PNH) and study type (observational and RTCs, case series and reports). Symptoms related to AA
and/or PNH as well as adverse events associated with AA/PNH treatment were recorded. Patient-reported
symptoms related to comorbidities were not extracted. In case of similar meaning or synonymous usage,
the terms were merged (e.g. hemoglobinuria and dark urine, limb pain and myalgia, dizziness and
vertigo). The term ‘bleeding’ was further classi�ed according to the WHO grading: minor bleeding (WHO
grade 1—2) and major bleeding (WHO grade 3—4) [13]. Thereafter, all captured symptoms were put in
order according to their frequency.

Since self-assessment of HRQoL in AA/PNH was limited in the literature, we supplemented the data
extraction with qualitative research results obtained by Groth et al [5, 6]. In this recent project, AA/PNH
patients and physicians rated questions of the EORTC QLQ-C30 questionnaire according to their
importance in AA/PNH. The highly relevant rated items were included in our data extraction.
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Phase II (Consensus rounds)

Eligibility criteria
AA and/or PNH patients as well as nurses and physicians experienced in the care of AA/PNH were
eligible for the consensus rounds. Patients and medical experts required basic language skills in German
or English.

Recruitment
Patients were either recruited at our institution, during an AA/PNH patient symposium in Ulm, Germany or
by contact with patient advocacy groups in Germany (Aplastische Anämie & PNH e. V. and Stiftung
lichterzellen). Participating physicians and nurses were mostly from the Hematology Division of the
University Hospital Basel, Switzerland. In addition, we consulted the chairperson and secretary of the
Severe AA Working Party (SAAWP) of the European Bone Marrow Transplantation Society (EBMT) for
their expertise.

Consensus rounds using the Delphi-technique
The literature review yielded a large number of symptoms and a selection process was required to
identify the core symptoms in AA/PNH. For this purpose, we applied the modi�ed Delphi-method, a well-
established and previously validated system of developing consensus [14, 15]. The technique works as a
group communication process that aims to achieve a convergence of opinions on a speci�c matter after
multiple rounds of evaluation. Three rounds have been conducted, which in previous studies have shown
to be su�cient for reaching a consensus [16]

For the �rst two rounds, the questionnaires were sent out to the participants either by mail or e-mail. The
panel was asked to review the questionnaire within four weeks and to rank the importance of the
respective symptom on a Likert-type scale ranging from one to four (Importance scale: 1 = not at all, 2 = a
little, 3 = quite a bit, 4 = very). Additionally, open feedback on missing items could be given. The
questionnaires were anonymous and identi�ed by a dedicated number for the second consensus round.

After the �rst and second round, the mean rating of each item was calculated. The symptom questions
were additionally modi�ed and supplemented according to the open feedback.

The �rst two rounds were performed with patients and experts in the above-described format. Due to
divergent opinions on the main PROs between patients and experts in the �rst two rounds, we decided
that medical experts should choose the �nal items in the third round since the aim of our study was the
development of a questionnaire detecting life-threatening events and complications, which were less the
focus of the patients’ feedbacks.
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This third round was held as a round-table discussion with an extended panel of hematologists
experienced in the treatment of AA/PNH patients (JRP, AT, JH, SG), in which the investigators (BD, KW)
presented the results of preceding two consensus rounds. By open discussion we aimed to limit the
number of symptoms that should be incorporated into the �nal questionnaire to max.12 items. Previous
literature has shown a high practicability usage of 10 to 12 symptom items in PRO questionnaires, which
could be completed quickly by the average patient (max. 20 min) [17].

Phase III (Design of a disease-speci�c PRO questionnaire)
The core symptoms identi�ed by the previous consensus rounds formed the basis for further
development of a corresponding patient-friendly questionnaire. For this we relied on the questionnaire
design used in a comparable patient population (i.e. clinical cancer research and common PRO
instruments, e.g. EORTC QLQ-C30, FACIT, PRO-CTCAE) as these have demonstrated validity, reliability and
sensitivity [18–20].

Results

Phase I (Scoping review)

Results of the literature search and study characteristics
The Embase search yielded 4886 records (last date of search: 8. January 2019), on Google Scholar
additional 40 records were found (last date of search: 22. January 2019). On the basis of the title and
abstracts 4294 records were excluded. One record could not be retrieved by the university medical library
and the publisher (Pakistan Pediatric Journal) did not respond to an inquiry. A total of 619 potentially
eligible records were screened in full text. Of these, 296 publications (n = 176 for AA, n = 110 for PNH, n =
10 for AA-PNH) met our inclusion criteria and thus were used for data extraction (Figure 1).

In AA, we found one RCT, 56 observational studies and 119 case reports/series. The records for PNH
included one RCT, 41 observational studies and 68 case reports/series. The AA-PNH syndrome was
primarily addressed by four observational studies and six case reports/series (Supplementary Table 5—
10).

Data synthesis and analysis
The included studies (RCTs, observational studies) comprised 12’207 individuals (AA n = 5964, PNH n =
5016, AA-PNH n = 1227). Case reports/series covered further 304 patients (AA n = 187, PNH n = 110, AA-
PNH n = 7). Partial overlap of the cohorts was found in seven studies of the PNH international registry or
national PNH registries [2, 21–26], as well as in three studies by Hillmen et al. [27–29] with the
SHEPHERD [30] and one of the TRIUMPH trials [31].
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A total of 61 different symptoms could be extracted for AA, 45 symptoms for PNH and 22 for AA-PNH.
The majority of symptoms in AA in the observational studies were related to cytopenia (pallor 36.6% >
minor bleeding 34.5% > fever 27% > fatigue 10.2% > and dyspnea 3.5%). In PNH patients, symptoms were
most often associated to hemolysis (fatigue 41.3% > hemoglobinuria 38% > abdominal pain 30.4% >
headache 18.6% > dyspnea 17.7%). In the AA-PNH overlap patients, symptoms distinctive of both AA and
PNH were reported (fatigue 58.4% > abdominal pain 40.2% > hemoglobinuria 22% > minor bleeding 21.8%
> dyspnea 5.5% and others < 5%). The �ve most commonly reported symptoms in AA did not differ
between RCT/ observational studies and case reports/series, whereas the symptoms in PNH and AA-PNH
differ between observational studies/RCT and case reports/series (Figure 2 and Supplementary Table 11
and 12).

Phase II (Consensus rounds)
The extracted PRO from the literature review were incorporated into a questionnaire with closed symptom
questions for AA and PNH separately, both also covering symptoms of the overlap AA-PNH syndrome.
Where possible, we merged symptoms into groups (e.g. nausea, vomiting, diarrhea and constipation to
gastrointestinal problems) to ease the answering process. The �rst AA questionnaire comprised 19
questions on clinical symptoms and 8 questions on HRQoL, whereas PNH questions focused on 22
symptoms and 8 HRQoL issues (Supplementary Table 13).

1st Delphi round
The panel of the �rst Delphi-round consisted of 31 participants (patients: 24, hematologists: 5,
hematology nurses: 2). Thirteen patients (mean age 54.4 y; f:m = 6:7) evaluated the AA questionnaire and
eight (mean age 39.3 y; f:m = 4:4) the PNH questionnaire. Three patients (mean age 36.0 y; f:m = 2:1)
completed both questionnaires since they were affected by either condition (Supplementary Table 14),
likewise, the seven medical experts returned both questionnaires.

All items of the AA questionnaire were answered by 98% and in the PNH questionnaire by 97% of the
participants. Symptoms and HRQoL questions were rated according to the prede�ned Likert Scale (1 =
not at all, 2 = a little, 3 = quite a bit, 4 = very) and little open feedback was given. In the AA questionnaire,
the following symptoms were stated as missing by the patients: limb cramps and spasms (n = 2), tremor
and ataxia (n = 1), hand sensory dysfunction (n = 1). One expert suggested to additionally cover the
quality of family time and availability to children. Within the PNH questionnaire, no additional item was
requested. Patients and experts suggested that related items should be grouped. Symptoms covered by
the AA as well the PNH questionnaire (e.g. fatigue) were overall rated similar by the two disease groups
according to the mean Likert score. However, some items were judged differently between the AA and
PNH patient groups: ‘increased bleeding tendency’, ‘skin alterations’, ‘peripheral edema’, ‘limited in
pursuing hobbies or other leisure time activities’ as well as ‘trouble taking long walks’ were ranked



Page 9/25

remarkably higher by AA patients (difference in the Likert score ≥ 0.5). ‘Pain’ and ‘jaundice’ were rated as
more important by PNH patients (difference in Likert score ≥ 0.5).

We then compared the overall experts’ mean rating to the patients’ mean rating. The items ‘fever’, ‘blood
pressure’, ‘bleeding tendency’, ‘dysphagia’ and ‘impairment in activities of daily living and work’ were
judged markedly higher by experts (mean difference in Likert Score: 0.7). ‘Concentration disorder’ and
‘feeling irritable/tense’ were considered more important by both patient groups and ‘troubles in doing
strenuous activities’ only by AA patients (mean difference in Likert Score: 0.7) (Supplementary Table 15—
18).

2nd Delphi round
As a result of the �rst round the AA questionnaire was condensed to 26 and the PNH questionnaire to 27
items for the second consensus round. The overall response rate in the second round was 84.4%, of
which all items of both questionnaires were answered by 97% of the participants. Thirteen AA patients,
�ve PNH patients, two AA-PNH patients and six experts rated the second questionnaire. Four patients
(PNH n = 3 and AA-PNH n = 1) and one expert were lost to follow up. Again, symptoms in AA and PNH
were assessed similar by patients with the exception of the items ‘pain’ and ‘palpitations’, which were
rated considerably more important by PNH patients (Table 1). In return, AA patients judged the following
items substantially higher than PNH patients (Table 1): ‘increased bleeding tendency’, ‘tachy- or
bradycardia’, ‘changes in hair skin or mucous membranes’ and ‘troubles in doing strenuous or long-lasting
activities’. Comparing patients to medical experts’ rating revealed again notable differences (Table 1):
Experts rated the items ‘fever’, ‘increased bleeding tendency’, ‘pain’, ‘hypertension’, ‘shortness of breath’
and ‘cough’ in both AA and PNH questionnaire signi�cantly higher (mean difference in Likert score: 1.1).
In AA ‘tremor/ataxia’, whereas in PNH ‘jaundice’, ‘hemoglobinuria’, ‘erectile dysfunction’, ‘dysphagia’,
‘gastrointestinal problems’, ‘perception disorder’ and ‘tachy- and bradycardia’ were considered more
important (mean difference in Likert value: 1.0). In contrast, patients rated the item ‘insomnia’ (mean
difference in Likert value: 0.6) and the item ‘mood disorder’ higher. (see also Supplementary Table 19)

3rd Delphi round
There was a strong consensus among the experts to include the highest-rated symptoms from the
previous rounds into the �nal questionnaire. The panel decided on the following modi�cations:

1) Symptoms related to hematopoietic stem cell transplantation ('changes in hair, skin and/or mucous
membranes’ associated to GvHD) were excluded due to the very different symptom course after
transplantation and little speci�city of these symptoms for AA/PNH.

2) The items 'impairment in performing strenuous activities’;; 'impairment in activities of daily living’ and
'impaired family time’ were combined with the item 'fatigue’ resulting in a single question covering the
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general performance in daily life.

3) 'Palpitation’ was included in the AA-PRO-questionnaire since atrial �brillation is an important
complication in the elderly, in particular with anemia [32], and there is data suggesting that AA patients
could have an elevated risk [33].

4) The item 'concentration problems’ was supplemented with memory dysfunction on the basis of
personal experience.

5) Although most AA patients rated 'tremor and ataxia’ as not relevant, the experts determined to include
these items together with 'neuropathic symptoms’ as well-known adverse effects of ciclosporin.

6) 'Insomnia’ was not considered to be speci�cally related to AA or PNH and was excluded.

7) Although not rated amongst the highest in the second consensus round, the items 'dysphagia’;;
'jaundice’ and 'erectile dysfunction’ were assessed as being particularly relevant as a marker for
hemolysis in the course of PNH [34].

The �nal questionnaire comprised seven symptoms equally for AA and PNH (fatigue, fever, bleeding
tendency, dyspnea, pain, mood and concentration/memory disorders), whereas the symptoms
'palpitations, tremors, muscle cramps and paresthesia/numbness’ were only included in AA and 'dark
urine, jaundice, dysphagia and erectile dysfunction’ in PNH. Both questionnaires concluded with an open
question to collect any further symptom the patient experienced, resulting in a total of 12 questionnaire
items.

Phase III (Design of the PRO AA/PNH questionnaires)
The questions of the PRO-CTCAE (patient-reported outcome version of the Common Terminology Criteria
for Adverse Events) [18] were considered most suitable for the majority of items identi�ed by the previous
consensus rounds. We also evaluated the use of questions from the EORTC-QLQ-C30 and FACIT-Fatigue,
which have a main focus on HRQoL but covering less physical health and therefore seemed less
appropriate for our purpose. To still address HRQoL, which was a high priority for patients, we added
regularly a sub-question on the interference with daily activities (see below).

To minimize patient burden and assure greater completeness of data [17] we set-up an user-friendly
structure for the questionnaire considering that patients might experience fatigue, psychosocial
di�culties and time demands that make it inconvenient to answer long questionnaires. Since the PRO
questionnaire is planned to be incorporated in an electronic work�ow for frequently monitoring
symptoms, a brief questionnaire was warranted. Based on these considerations, each symptom question
was subdivided into three parts (Figure 3):



Page 11/25

The �rst part was constructed as a ‘yes/no’—question on patients’ symptom experience (e.g. ‘Did you
feel short of breath?’). In case a patient would answer with ‘no’, further sub-questions would not be
visible and the anwering process could be shortened signi�cantly.

Next the severity of the symptom (i.e. mild, moderate, severe and very severe) is addressed, following
the format of the PRO-CTCAE questions.

Third, patients are queried on how much the symptom interferes with their activities of daily living
(HRQoL).

For some symptoms we decided for a modi�cation of this design:

We adopted the PRO-CTCAE question ‘general pain’ but asked for ‘pain’ only, by this facilitating the
further query the location of pain.

For a better characterization of ‘dysphagia,’ we added a question on ‘alterations in eating
habits/swallowing’, which is necessary for CTCAE version 5.0 grading but is not part of the PRO-
CTCAE.

Due to the limited query of ‘bleeding’ in the PRO-CTCAE, we followed the modi�ed WHO bleeding
scale for locations and severity grading [13], which is highly reliable and strongly associated with
platelet counts [35].

Since the PRO-CTCAE does not cover ‘fever’, we formulated a question relying on our institutional
de�nition of fever based on Petersdorf et al [36].

To adress symptoms of ‘mood disorders’ (e.g. sad or unhappy feelings, anxiety, discourage) the PRO-
CTCAE was regarded as incomplete, and instead we followed a validated two-question case-�nding
instrument with high sensitivity for depression by Whooley et al [37].

None of the validated PRO questionnaires included questions on ‘jaundice’ and ‘hemoglobinuria’,
therefore we phrased and graded both symptom questions based on personal clinical experience.

Table 2 shows all items included in the �nal questionnaires.

Discussion
This study aimed to extract all patient-reported symptoms of AA/PNH in the literature and subsequently
to identify the core symptoms including HRQoL by consensus rounds with patients and medical experts.
The results formed the basis for the development of a concise disease-speci�c PRO questionnaire for
AA/PNH patients.

In the literature the most common reported symptoms addressed manifestations of pancytopenia in AA
(e.g. fatigue, dyspnea, bleeding, fever) and hemolysis in PNH (e.g. abdominal pain, headache, dysphagia,
erectile dysfunction). Since the standard method for documenting symptoms includes paper forms �lled
out by medical staff instead of patients directly, we assumed that many symptoms of AA/PNH might be
underreported and the literature review is biased. In particular, data on HRQoL in AA/PNH was scarce and
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captured by questionnaires designed for cancer patients. For assessment of physical constraints rarely a
standardized query was performed, emphasizing the need for AA/PNH speci�c tools for this matter. A
�rst attempt to address this demand was recently made by a German group [5, 6], who developed a
disease-speci�c HRQoL questionnaire together with patients. Our study aimed to expand this approach
by designing a questionnaire not only for HRQoL but also for physical health in AA/PNH. Ultimately, the
diversity of studies, including RCTs, observational studies and case reports/series made data extraction
on PRO demanding since these sources were di�cult to compare [38]. Accordingly, we observed
differences in the frequency of recorded symptoms in case reports/series compared to observational
studies and RCTs. Overall, identifying disease-speci�c symptoms in rare conditions in the literature is
challenging and reinforced our strategy to include patients and medical experts for further identi�cation
of relevant symptoms.

Interestingly, the consensus rounds yielded only a few additional symptoms (e.g. tremor and ataxia,
paresthesia, muscle spasms and cramps, impairment of family time). We assumed that our �nal
symptom list was still not complete considering that the limited number of participating patients (n = 24)
and medical experts (n = 7) cannot capture all aspects of this ultra-rare disease. This led us to add one
open question in our �nal PRO questionnaire ("Did you have any other symptoms/problems, which were
not queried above?”)) to capture potential missing symptoms with this questionnaire in the future.

By including patients and medical experts in the development of the PRO questionnaire we aimed to
address the needs of both parties involved. Thereby, we observed signi�cant differences in the symptom
rating by experts compared to patients: patients judged HRQoL issues (e.g. fatigue, mood disorder,
impaired activities of daily living) higher whereas experts favored physical constraints (e.g. fever,
bleeding, pain, dyspnea, hemoglobinuria). This �nding is consistent with previous studies, where patients
consider symptoms associated with their daily health status as more important and clinicians focus on
unfavorable clinical outcomes (e.g. emergency room admissions, mortality) in their assessments [39].
This different perspective by patients and medical experts emphasizes the need for tools addressing both
sides and educating the parties on their different needs: On the one hand, patients can be instructed in
understanding symptoms more in context of their disease with relevance for life-threat [40]. On the other
hand, the physicians’ awareness of patients’ constraints in HRQoL can be enhanced. Disease-speci�c
tools for self-reporting of symptoms are viable options for closing these gaps, as they support
individualized care of patients, can improve patient-physician communication, clinical decision making
and satisfaction with care, reportedly leading to a better outcome [10, 11, 41, 42]. However, our approach
to combine patients’ and experts’ expectations was challenging for designing a PRO questionnaire that
covers both demands while staying slim at the same time. Since AA and PNH can be life-threatening
conditions, we saw a high priority for the questionnaire to detect symptoms indicating signi�cant health
deterioration and life-threat. This strategy is reinforced by the recommendations of international PNH
experts to routinely monitor all PNH patients for symptoms of thromboembolic events and hemolysis [2].
To address not only factors that have value to clinicians, we also focused on HRQoL by querying
impairment of daily activities and mental health.
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Up to now, PRO questionnaires have not been routinely used in the care of AA/PNH. We expect a bene�t
by these PRO tools since AA/PNH patients could easily report symptoms between and right before visits
at specialized centers. Clinicians thereby could be informed more comprehensively on their patients’
disease burden, not only at the hospital but also in-between visits by electronic transmitted PRO
questionnaires, which might complement care and treatment decisions in AA/PNH. Considering that
family doctors and other medical disciplines are less familiar with these ultra-rare diseases and the
overwhelming and unspeci�c information on the internet might confuse patients, the inclusion of PRO
questionnaires within web-based work�ows could help to guide AA/PNH patients by detecting relevant
symptoms (including side effects), providing self-management instructions, educating on the disease
and documenting medication intake with electronic tools. In the setting of PNH, this approach particularly
might gain relevance as new complement inhibitors will be accessible for home administration and
patients could be supported at home. For any investigator working in drug development or patient-
centered outcome research this PRO instrument could also be useful for assessing symptoms and side
effects in these rare conditions. Ultimately, there may also be a role for PROs in quality monitoring, which
is increasingly demanded out of regulatory reasons.

Based on these considerations and results of this study, we are now planning to include our �nal
AA/PNH-speci�c PRO questionnaire (Supplementary Table 20) into a web-based work�ow for patient
symptom-monitoring, which we intend to validate in a pursuing feasibility trial in AA/PNH patients
(ClinicalTrials.gov: NCT04128943).

Limitations
We are aware of several limitations. The term ‘PRO’ has just recently been de�ned; however, the screened
literature often reports on symptoms in a non-systematic manner and it was not always clear if the
extracted symptoms were reported directly by patients or re�ected the indirect observation of the medical
team. By this, the literature review might not only have been prone to underreporting of PRO, but also may
have overrepresented some symptoms in the overall frequency. In several publications a partial overlap of
the population was identi�ed (i.e. population of the international and national PNH registries, population
of the TRIUMPH and SHEPHERD trial). Therefore, the extracted study population might be overestimated
and symptoms overrepresented. Since the differentiation of AA, PNH and AA-PNH syndrome is not
always clear-cut, the separation of symptoms according to the sub-entities was di�cult for further
questionnaire design. In particular, patients with an AA-PNH overlap syndrome might not be covered by
our AA or PNH PRO questionnaire. Based on the low incidence of the disease, we were not able to gather
a large group of patients and medical experts for the consensus rounds, which might have been needed
to identify more underreported symptoms.

Conclusion

http://%28clinicaltrials.gov/
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By literature review and consensus rounds with patients and medical experts it was feasible to develop a
disease-speci�c questionnaire for self-reporting of symptoms. This PRO questionnaire can now be
validated within a web-based work�ow in a subsequent feasibility study in AA/PNH.
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Tables
Table 1. Comparison of the mean rating (Likert scale) of questionnaire items from the second consensus
round between patients and medical experts. Importance rating: 1 = not at all, 2 = a little, 3 = quite a bit, 4
= very. Number of participants evaluating the questionnaire: AA patients n = 13, PNH patients n = 5, AA-
PNH patients n = 2, experts n = 6.
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PRO-AA/PNH Questionnaire items  Mean rating 

AA 
 Patients;
experts

PNH 
 Patients;
experts

1. In general, do or did you feel tired?
3.3; 3.7 3.4; 3.8

1. Did you experience shortness of breath?
2.9; 3.7 2.6; 3.8

1. Do you have an increased bleeding tendency?
2.7; 3.8 1.9; 3.3

1. Were you limited in doing either your work or other daily as well as
leisure time activities?

3.1; 3.3 2.7; 3.0

1. Did you have di�culties in concentrating on things?
2.4; 2.7 2.9; 2.5

1. Do you have any trouble doing strenuous and/or long-lasting
activities? 
 (e.g. carrying a heavy bag, taking long walks)

3.1; 3.2 2.6; 2.7

1. Was your mood impaired? 
 (feeling depressed, being worried, feeling tense and others)

2.5; 2.7 3.1; 2.5

1. Did you have fever? 
 (from 38.1°C at least 2 times or once ≥38.3°C)

1.9; 3.8 2.1; 3.7

1. Did you record a high blood pressure? 
 (upper value >140mmHg, lower value >90mmHg)

1.9; 2.8 1.4; 2.7

1. Was your sleep impaired? 
 (di�culties in falling asleep, staying asleep or waking up)

2.7; 2.2 2.9; 2.2

1. Have you been in pain?
2.2; 3.2 2.7; 3.8

1. Have you noticed any changes in hair, skin and/or mucous
membranes?

2.7; 2.7 2.1; 2.0

1. Did you feel dizzy/lightheaded/unsteady?
2.4; 2.8 2.4; 2.5

1. Did you record a too low or to high pulse? 
  (< 60 beats/minute or >90 beats/minute)

2.5; 2.8 1.6; 2.2

1. Did you experience one or more changes in your sensory perception?
2.0; 2.3 1.6; 2.5
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y p g y y p p

1. Did you suffer from muscle cramps/spasms?
2.8; 2.5 N/A

1. Did you experience tremor a and/or ataxia b? 
 (a uncontrolled shaking movements of the whole or parts of the body;
b lack of coordination of muscle movements)

1.7; 2.5 N/A

1. Was the time with your family and/or your availability to your children
impaired?

2.5; 2.7 N/A

1. Do you need to stay in bed or a chair during the day?
1.9; 2.3 1.7; 2.2

1. Did you have digestive/gastrointestinal problems?
2.2; 2.3 2.1; 3.0

1. Did you have a cough?
1.7; 2.5 2.0; 2.5

1. Did you have swelling/edema of your limbs?
1.9; 2.3 1.9; 2.3

1. Did you lose or gain weight unintentionally?
2.0; 2.2 2.4; 2.3

1. Did you experience palpitations c? 
(c unpleasant sensation of irregular and/or forceful beating of the
heart)

1.7; 1.8 2.3; 2.3

1. Did your skin feel itchy?
1.5; 2.0 1.6; 1.8

1. Have you noticed a dark discoloration of the urine?
N/A 2.9; 3.8

1. Have you noticed a yellowish discoloration of your ‘white of the eye’?
N/A 1.6; 3.2

1. Men only: Do you suffer from erectile dysfunction d? 
 (d inability to achieve or to maintain an erection during sexual activity)

N/A 1.4; 3.0

1. Did you have di�culties in swallowing things?
N/A 1.6; 2.7

1. When was your last IV infusion of eculizumab?
N/A 1.9; 3.3

N/A: not applicable

 



Page 21/25

Table 2. List of �nal questionnaire items and source

Questionnaire item Source

Fatigue PRO-CTCAE Symptom Term: Fatigue

Fever Center speci�c diagnostic and treatment guidelines based on Petersdorf et
al. [36]

Bleeding Modi�ed WHO Bleeding Scale [13]

Dyspnea PRO-CTCAE Symptom Term: Shortness of breath

Pain According to PRO-CTCAE Symptom Term: General pain

Mood According to PRO-CTCAE Symptom Term: Sad; and based on an
instrument by Whooley et al. [37]

Concentration/memory Combination of PRO-CTCAE Symptom Term: Concentration and PRO-
CTCAE Symptom Term: Memory

Open question on other
symptom

N/A

Items only for AA
questionnaire:

 

Palpitations  PRO-CTCAE Symptom Term: Heart palpitations

Tremor  According to CTCAE V5.0 Term: Tremor and adopted to PRO-CTCAE style

Muscle cramps  According to CTCAE V5.0 Term: Muscle cramp and adopted to PRO-CTCAE
style.

Paresthesia,
numbness 

PRO-CTCAE™ Symptom Term: Numbness & tingling

Items only for PNH
questionnaire:

 

Hemoglobinuria  N/A

Jaundice N/A

Dysphagia  According to CTCAE V5.0 Term: Dysphagia and adopted to the PRO-CTCAE
Symptom Term: Di�culty swallowing

Erectile dysfunction PRO-CTCAE Symptom Term: Achieve and maintain erection

WHO: World Health Organization, PRO-CTCAE: patient-reported outcome version of the Common
Terminology Criteria for Adverse Events, N/A: not applicable

Figures
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Figure 1

Study �ow diagram for the selection of studies
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Figure 2

Patient-reported outcomes (PRO) in AA, PNH and AA-PNH in the literature. (A) Comparison of the
frequency distribution of symptoms in observational studies and RCT between AA, PNH and AA-PNH. (B)
Comparison of the frequency distribution of symptoms in case reports/series between AA, PNH and AA-
PNH. Displayed are only the �ve most frequently reported symptoms of each disease. *WHO bleeding
grade 1 – 2.
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Figure 3

Example of a three-part symptom question.
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