
ARTICLE

Patient Report of Hearing in Neurofibromatosis
Type 2
Recommendations for Clinical Trials

Heather L. Thompson, PhD, CCC-SLP, Ann Blanton, PhD, CCC-SLP, Barbara Franklin, BS,

Vanessa L. Merker, PhD, Kevin H. Franck, PhD, MBA, CCC-A, and D. Bradley Welling, MD, PhD, on behalf of the

REiNS International Collaboration

Neurology® 2021;97:S64-S72. doi:10.1212/WNL.0000000000012424

Correspondence

Dr. Thompson

heather.thompson@

csus.edu

Abstract
Objective
To systematically evaluate published patient-reported outcome measures for the assessment of
hearing function and hearing-related quality of life (QoL) and recommend measures selected
by the Response Evaluation in Neurofibromatosis and Schwannomatosis International Col-
laboration (REiNS) as endpoints for clinical trials in neurofibromatosis type 2 (NF2).

Methods
The REiNS Patient-Reported Outcomes Working Group systematically evaluated published
patient-reported outcome measures of (1) hearing function and (2) hearing-related QoL for
individuals with hearing loss of various etiologies using previously published REiNS rating
procedures. Ten measures of hearing functioning and 11 measures of hearing-related QoL were
reviewed. Measures were numerically scored and compared primarily on their participant
characteristics (including participant age range and availability of normative data), item con-
tent, psychometric properties, and feasibility for use in clinical trials.

Results
The Self-Assessment of Communication and the Self-Assessment of Communication–
Adolescent were identified as most useful for adult and pediatric populations with NF2,
respectively, for the measurement of both hearing function and hearing-related QoL. Measures
were selected for their strengths in participant characteristics, item content, psychometric
properties, and feasibility for use in clinical trials.

Conclusions
REiNS recommends the Self-Assessment of Communication adult and adolescent forms for the
assessment of patient-reported hearing function and hearing-related QoL for NF2 clinical trials.
Further work is needed to demonstrate the utility of these measures in evaluating pharmaco-
logic or behavioral interventions.
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Neurofibromatosis type 2 (NF2) is a tumor-predisposing
genetic disorder characterized by the proliferation of benign
cranial nerve schwannomas, meningiomas, ependymomas,
and cataracts. Bilateral vestibular schwannomas (VS), tumors
of the eighth cranial nerve, occur in the majority of patients.1,2

Hearing loss and tinnitus are the common presenting
symptoms,2,3 and usually have a gradual, slowly progressive
course, but occur suddenly in approximately 10% of patients.4

Sensorineural hearing loss can occur secondary to tumor
progression or as a consequence of surgery or radiation.
Hearing loss can range from mild to profound in severity, and
can cause significant difficulty during communication, espe-
cially when listening in background noise and when bilateral
hearing is affected. Sound quality may be decreased pro-
portionately more than would be expected for the degree of
hearing loss of pure tones. Instrumentation such as hearing
aids,5 cochlear implants,5,6 or auditory brainstem implants5,7

offer opportunities for improved hearing for patients with
NF2. However, the progressive nature of the disease raises
concern for cochlear nerve functionality and may reduce the
utility of these instruments as long-term solutions for main-
taining or restoring hearing in patients with NF2.8 Recently
introduced pharmacologic interventions for reducing vestib-
ular schwannoma size and morbidity in patients with NF2
show some success in maintaining or improving hearing, but
are not effective for all patients.9,10

Auditory brainstem evoked responses, stapedial reflex re-
cording, and electro-cochleography are used to obtain data
regarding hearing mechanism functioning and sound pro-
cessing. Pure tone audiometry and speech intelligibility as-
sessments (such as speech discrimination or clarity scores) are
carried out using standardized procedures to provide an as-
sessment of the severity and nature of hearing loss. As com-
prehensive and routine as audiologic assessments and imaging
studies may be, an evaluation of the patient’s perception of
how hearing loss affects hearing function and hearing-related
quality of life (QoL) is frequently missing.11 Patient-reported
outcomemeasures (PROMs) refer to “any report of the status
of a patient’s health condition that comes directly from the
patient, without interpretation of the patient’s response by a
clinician or anyone else.12p2” In the United States, the Food
and Drug Administration requires clinical trials to include
PROM data in addition to obtaining objective measures of
patient functioning for medical product development. In
NF2, data from audiologic assessments are correlated with but

can differ from results of PROMs, suggesting that audiology
results alone may not reflect the true degree of hearing ben-
efit.13 PROMs are thus critical to demonstrating the success
or failure of interventions aimed at reducing vestibular
schwannoma size or slowing disease progression in NF2.

Studies conducted to evaluate relationships between QoL and
(1) patient perception of NF2 severity,14 (2) vestibular
schwannoma volume or hearing function,13 and (3) changes
in hearing response with pharmacologic intervention9 have
yielded variable results. The complex relationship of hearing
function and QoL suggests the need for direct measurement
of hearing-related QoL beyond standard audiologic measures
to assess intervention benefit. For example, a prior NF2
clinical trial demonstrated improvements in QoL beyond
those shown by measures of hearing function, suggesting that
some aspects of hearing-related QoL are not captured by
audiologic measurements.9 Therefore, further study is needed
to delineate specifically how changes in hearing function re-
late to hearing-related QoL as perceived by patients. PROMs
are a crucial component of NF2 clinical trials to fully ascertain
clinical benefit. However, there is no consensus regarding
optimal PROMs for use in NF2 clinical trials.

There are a number of challenges facing the use of PROMs for
hearing in NF2. For a PROM to capture the progress of a
disease or the results of a treatment, it must be able to provide
a valid and reliable assessment of changes in an individual’s
communication status, such as alterations in hearing. Whereas
the design of many clinical trials is focused on identifying
measurable improvement, the loss of physiologic function
experienced by patients with NF2 is typically progressive in
nature. Continuous deterioration of hearing may take place
during a clinical trial as a consequence of tumor progression
and associated surgery,15,16 radiotherapy,7 or lack of a treat-
ment effect. Given the nature of NF2, “no change” (tumor
control) may be a positive outcome following successful
treatment aimed at slowing disease progression.17 Recom-
mended PROMs must not only be capable of capturing
change when it occurs, but also exhibit reliability in identifying
when there has been no decline. Many PROMs have a paucity
of research regarding their development and lack information
about reliability or validity in this context.

Patients with NF2 have heterogeneous hearing profiles and
may use a variety of hearing devices such as hearing aids,

Glossary
HEAR-QL-28 = Hearing Environments and Reflection on Quality of Life; NF2 = neurofibromatosis type 2; PRO = patient-
reported outcome; PRO-RATE = Patient-Reported Outcomes Rating Acceptance Tool for Endpoints; PROM = patient-
reported outcome measure;QoL = quality of life; REiNS = Response Evaluation in Neurofibromatosis and Schwannomatosis;
SAC = Self-Assessment of Communication; SAC-A = Self-Assessment of Communication–Adolescent; SOAC = Significant
Other Assessment of Communication; SOAC-A = Significant Other Assessment of Communication–Adolescent; VS =
vestibular schwannoma.
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cochlear implants, or auditory brainstem implants. An in-
dividual may have a device but not use it, use a device only
during certain times of the day, or use the device only for
specific activities. Clinicians and researchers must consider
that because of variations in device usage, hearing function as
measured by PROMs may fluctuate over recall periods for
reasons unrelated to the progression or treatment of NF2. As
many PROMs assessing hearing do not have manuals or clear
instructions for patients regarding how listening contexts may
influence what they hear for completing the PROM, data may
be gathered inconsistently across administrations.

There is also the issue of determining what kinds of questions
should be included in a PROM in the domain of hearing for
patients with NF2. Several NF2 disease-specific PROMs have
been developed; however, these measures often include many
items asking about physical functioning (e.g., balance, facial
weakness, mobility, or swallowing),18-20 and do not cover
hearing functioning in depth. A number of PROMs have also
been developed for use with older adults with hearing loss
without NF2,21,22 but these measures include items that ask
about how well an individual likes aspects of his or her hearing
rehabilitation instrument, which may not be relevant to in-
dividuals with NF2 who do not utilize hearing aids or cochlear
implants. Many PROMs that are used to assess hearing in-
clude items to assess tinnitus. Whereas tinnitus may be a
concern for patients with NF, there is an immediate need for
PROMs to assess hearing for patients with NF2 specifically.

In 2011, The Response Evaluation in Neurofibromatosis and
Schwannomatosis (REiNS) International Collaboration was
established with the purpose of achieving consensus for how
to measure endpoints in NF clinical trials.23 The REiNS In-
ternational Collaboration is composed of 8 working groups
including (1) patient-reported outcomes, (2) functional
outcomes, (3) imaging, (4) visual outcomes, (5) neuro-
cognitive outcomes, (6) disease biomarkers, (7) cutaneous
neurofibromas, and (8) patient representation. The Patient-
Reported Outcomes Working Group was developed with the
specific aim to identify PROMs relevant to NF clinical trials.24

As many clinical trials are completed as multicenter investi-
gations, the harmonization of recommended measures is
needed to enable study findings to be compared. Due to the
heterogeneity of symptoms and variability in disease pro-
gression among individuals, measures need to be carefully
selected with special attention to item content using measures
that will capture changes over time. REiNS group work has
developed a process to identify effective measurement scales
and methods and prior publications have provided recom-
mendations for PROMs assessing pain intensity,24,25 pain
interference,25 physical functioning,25 and most recently, ge-
neric and disease-specific QoL in NF (see Wolters et al.,24,25

this supplement). To continue the progress made with the
above recommendations, the objective of this article is to
present current REiNS International Collaboration recom-
mendations for PROMs used to evaluate hearing function and
hearing-related QoL for NF2 clinical trials.

Methods
REiNS clinician–researchers, patient representatives, and
other individuals in the NF2 clinical or research community
were invited to participate in the REiNS Patient-Reported
Outcomes (PRO) Communication Group. Among the indi-
viduals participating were patient representatives who could
provide information to working group members about the
feasibility of outcomes and the patient experience, a per-
spective that was extremely valuable to the project. Group
work was initiated with web and telephone conference calls in
September 2017 with the goals of (1) evaluating PROMs
assessing the domain of hearing and (2) providing guidelines
regarding the use of PROMs in NF2 clinical trials.

Target endpoint domains for hearing were researched, dis-
cussed, and 2 domains were identified as priority outcomes:
(1) hearing function and (2) hearing-related QoL. Functional
impairment PROMs included tools to assess an individual’s
perception of his or her ability to engage in activities of daily
living.26 Hearing-related QoL included PROMs used to help
describe an individual’s perception of his or her ability to
participate in physical or social activities and his or her degree
of satisfaction in that participation in the context of a pre-
senting health concern (hearing loss).27,28

A list of 35 PROMs addressing priority outcomes was com-
piled by the first author and distributed to group members for
review. Measures developed for the sole purpose of evaluating
tinnitus, amplification technology or devices, or hearing loss
due to noise were excluded following group discussion due to
the narrow focus of the measures and limitations in item
content to adequately capture hearing concerns specific to
patients with NF2, leaving 21 measures for full review. Due to
the overlap with activities of the larger REiNS PRO Group,
NF2 disease-specific measures were not included on the list
(refer to the work of Wolters et al.,24,25 this supplement, for
more information).

Reviews of identified measures were completed using the
Patient-Reported Outcomes Rating Acceptance Tool for
Endpoints (PRO-RATE) form following procedures de-
scribed previously.24 Each PROM was evaluated in 6 areas,
including (1) patient characteristics (age range, published
normative data, and measurement type including self-report
or parent/teacher proxy form), (2) use in published studies
(validation/normative data, descriptive study or clinical trial,
and studies describing PROM use with populations with NF),
(3) domains and item content (area assessed, clarity of item
wording, and appropriateness for patients with NF), (4)
scores available (raw, standard/transformed, domain, and
total scores), (5) psychometric properties (reliability, validity,
factor analysis, and sensitivity to change), and (6) feasibility
for use in clinical trials (cost, length, ease of completion,
languages available, and recall period), according to the def-
initions described by Wolters et al.24 Each PRO-RATE do-
main area was scored based on a review of published evidence
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and its applicability to NF2 clinical trials using a scale of
0 (limited/poor data) to 3 (solid data to support its use in NF
clinical trials). Relevant publications for each measure were
collected and reviews were completed independently by
group members in advance of group discussions. Top-ranking
scales in each domain were then re-reviewed to consider new
publications and rating decisions were made through a side-
by-side comparison with group discussion of the measures
within the same meeting.25 The larger REiNS PRO group
gave input and vetted final selections.

Results
We reviewed a total of 18 measures. Seven measures were
reviewed for the domain of hearing function for adults and 4
were reviewed for children. Eight measures were reviewed for
the domain of hearing-related QoL for adults and 4 were
reviewed for children. Three of the measures were reviewed
for both domains.11,29,30 As outcome measures are needed for
clinical trials that include children and adults, priority was
given to PROMs that were (1) self-report forms (as opposed
to solely parent or significant other proxy report), (2) easy to
understand, (3) strong in their psychometrics, (4) likely to
show change in response to a variety of intervention types for
individuals with NF2, and (4) parallel versions of assessments
for children through to the adult years.

Hearing Function Recommendation
For the assessment of hearing functioning, the REiNS PRO
Group recommended the Self-Assessment of Communication
(SAC11) and the Self-Assessment of Communication–
Adolescent (SAC-A31). A summary of the review for the SAC/
SAC-A is presented in table 1 and the measures are presented in
eAppendices 1–4, links.lww.com/WNL/B457. A summary of
measures reviewed is presented in table 2. The SAC is a short
self-report measure developed according to recommendations
made by the WHO11 and was designed to assess how hearing
loss affects an individual’s (1) perception of disability or activity
limitation and (2) degree of communication or participation
restriction. The SAC was designed for adults ages 25 and older
and the SAC-A was designed for children and adolescents ages
11–19. Given the gap in ages between the child/adolescent and
adult measures, the PRO group recommends the SAC for adults
aged 20 years and older. Additional questionnaires are available
for significant others (i.e., Significant Other Assessment of
Communication [SOAC] and Significant Other Assessment of
Communication–Adolescent [SOAC-A]). Significant others are
defined as the spouse or best friend of the evaluated patient for
the SOAC and the SOAC-A, respectively.11,31

Items for the SAC are divided into 3 sections asking about (1)
hearing in various communication situations (e.g., Do you
experience communication difficulties in situations when
speaking with 1 other person?), (2) feelings about commu-
nication (e.g., Do you feel that any difficulty with your hearing
limits or hampers your personal or social life?), and (3) other

people’s behavior (e.g., Do others suggest that you have a
hearing problem?).11 Questions for the SAC-A included items
from the SAC, modified by Elkayam and colleagues31,32 with
permission from the original authors. Domains for the SAC-A
include (1) hearing and understanding (e.g., Do you experi-
ence communication difficulties in situations when speaking
with only 1 other person?), (2) feelings about communication
(e.g., Does any problem or difficulty with your hearing loss
upset you?), and (3) other people (e.g., Do other people ever
notice that you have a hearing loss?). Respondents are re-
quired to complete the questionnaire according to how they
communicate when a hearing aid is not in use.

The SAC and SAC-A are appropriate measures for clinical
trials in NF2 with good reliability, face validity,31,32 and in-
ternal consistency (e.g., 0.95 and 0.79 for the domains of
activity limitation and participation restriction, respectively).
The measures are short, making the tool feasible for clinicians
to administer for both clinical and research settings.

Relative weaknesses of the SAC include that at least 1 of the
items may be difficult to understand (e.g., Do you experience
communication difficulties when you are in an unfavorable
listening environment?). The questionnaire does not consider
spatial hearing, or “the ability to hear and process sounds from
different locations.”33p384 It is only available in English. Finally,
no recall period is stated, which means the patient will most
likely recall the most recent experience when completing the
survey. This pattern of responding may be a problem in the
context of a clinical trial if participants experience a great deal of
fluctuation in their hearing over short periods of time.

Hearing-Related QoL Recommendation
The REiNS PRO Group also recommended the SAC11 and
the SAC-A31 for assessment of QoL related to hearing for
adults and children, respectively. This measure was chosen
because it has item content to assess hearing-related QoL
(e.g., Do you feel that any difficulty with your hearing limits or
hampers your social life? Does any problem or difficulty with
your hearing upset you?) in addition to previously described
item content on hearing functioning. The measures may be
used with adolescents and adults aged 11+, whereas no other
measure of hearing-related QoL was validated for both chil-
dren and adults. The fact that this measure could be used to
assess both hearing functioning and hearing-related QoL was
also considered a strength for clinical trial feasibility, where
reducing participant burden is key.

Discussion
PROMs assessing hearing function and hearing-related QoL
are greatly needed to document the utility of interventions
used in clinical trials in NF2. The purpose of this work was to
utilize the previously described REiNS International Collab-
oration PRO Working Group protocol24,25 to evaluate pub-
lished PROMs for the assessment of hearing function and
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hearing-related QoL in NF2 clinical trials. Measures were
reviewed and rated according to the PRO-RATE form and
criteria described previously.24

To assess hearing function and hearing-related QoL, the
REiNS International Collaboration recommends the SAC
and the SAC-A as reliable and valid measures for clinical trials
in NF2. The SAC and SAC-A are 10 or 12 items in length,
respectively, and can be completed by patients aged 11 and
older. Other report forms (SOAC/SOAC-A) with similar
items to the self-report forms are also available if desired.

In reviewing available measures, the REiNS PRO Communi-
cation Group identified concerns in many available measures.
Those that were not recommended had limited research to
support their use, domains that were not appropriate for clinical
trials in NF, or complex item wording or scoring. Although
limited in terms of the languages available, the SAC/SAC-A
exhibited relative strengths in the domains assessed and item
content, psychometrics, availability of parallel measures across
ages and respondents, and feasibility. We recommend use of
the SAC/SAC-A for the assessment of hearing function and
hearing-related QoL as an outcomemeasure for clinical trials in
NF. It should be noted that these are preliminary recommen-
dations based upon current studies and available literature.
Clinicians and researchers are encouraged to evaluate recom-
mended outcomes and select measures depending upon spe-
cific trial design and participant inclusion/exclusion criteria.

It is recommended that researchers conducting NF2 clinical
trials aimed at improving or stabilizing hearing functioning
include these PROMs in addition to an audiologic evaluation
following REiNS International Collaboration Functional Out-
comes Working Group recommendations.34 Researchers ad-
ministering the SAC and SAC-A are encouraged to write
additional PROM administration instructions into their clinical
trial protocols to ensure consistency of responses within and
among participants. Protocols should record listening
conditions to best account for and accommodate daily
fluctuations in hearing. For participants utilizing amplifi-
cation, researchers may wish to give instructions for par-
ticipants to complete the SAC twice: once while reflecting
on hearing without a device and a second time while
reflecting on hearing with a device. Researchers may also
wish to ask additional questions to gather information re-
garding current hearing device use, adjunct hearing tech-
nologies utilized, participant age, hearing status (e.g.,
unilateral or bilateral hearing loss), balance, and vision.

Clinical trials could consider evaluating changes in SAC/SAC-
A scores from pre to post using interventions such as hearing
instrumentation (auditory brainstem implants or cochlear im-
plants), pharmacologic regimens (e.g., bevacizumab), or be-
havioral interventions (e.g., aural rehabilitation or psychological
support). PROMs can be administered at different time points
across a clinical trial with the research team documenting the
type of device utilized. Future studies should seek to examine

Table 1 Review Criteria and Characteristics of the Self-Assessment of Communication (SAC) and the Self-Assessment of
Communication–Adolescent (SAC-A)

Criteria Characteristics

Patient
characteristics

• Patient and significant other form for children and adolescents 11–19 years31 and for adults 25–84 years11

• Normative data for individuals aged 12–18 years with hearing loss31

• Normative data for individuals aged 25–84 years with and without hearing loss38

Domains/item
content

• Domains assessed include hearing functioning and hearing-related quality of life
• 10-item scale for adults and 12-item scale for children/adolescents11,31 to assess activity limitation and communication participation
restriction with items asking about the social or emotional effects of hearing loss
• Likert-type items rated on a 1–5 scale where 1 = almost never (or never) and 5 = practically always (or always)
• Total scores for the SAC range from 10 to 60, where higher scores indicate greater difficulty39

• Good continuity of items between self-report and significant other forms11

• Parallel forms for children/adolescents and adults31

Psychometric data • Good test–retest reliability, with SAC paper and pencil (1–3 weeks) = 0.80,11 SOAC paper and pencil (1–3 weeks) = 0.90,11 SAC-A (19
days apart; range 14–28 days) = 0.76,32 SAC computerized version (1–2 weeks) = 0.94,38 and SOAC computerized version (1–2 weeks) =
0.9738

• Changes of 4–5 points on the computerized version are consistent with changes of 15% and 12% on the SAC and SOAC, respectively,
and indicative of a critical difference38

• Good face validity for assessing hearing concerns in adolescents28,29

• Principal component analysis yielded 1 factor, with 51.7% of the variance explained39

• Internal consistency was good or acceptable (SAC = 0.9039; SAC-A = 0.7632)
• Strong correlations with the HHIE-S11

Feasibility • Free
• Can be completed quickly38

• Computerized questionnaire includes 8 of 10 original items (computerized scoring available)38

• Recommended that the SAC-A be completed in interview format to allow flexibility in administration32

• SAC/SAC-A and SOAC/SOAC-A should be completed independently to reduce response bias11

• Available in English
• No recall period defined

Abbreviations: HHIE-S = Hearing Handicap Inventory for the Elderly–Screening; SOAC = Significant Other Assessment of Communication.
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Table 2 Summary of Identified Strengths and Limitations of Measures Used to Assess Hearing Functioning and Hearing-
Related Quality of Life

Measure and domain area

Report
format; age
range, y;
number of
items Strengths for use in NF clinical trials Limitations for use in NF clinical trials

Auditory Behavior in Everyday Life40; HF PR; 4–14; 26 DA: parent perceptions of hearing function in
daily living; easy administration; multiple
languages; free

PD weak; limited studies only validated
measure; no research in NF

Amsterdam Inventory for Auditory
Disability–Modified41; HF

SR; 17–65; 28 DA: sound detection, discrimination,
localization, intelligibility in noise and quiet;
good PD; easy administration; multiple
languages; free

Limited published studies; no research in
NF; complex wording; no child normative
data; difficult item response format

Attitudes Toward Loss of Hearing
Questionnaire42; HRQoL

SR; 20–86; 22 DA: effect of hearing loss, HA stigma,
acceptance/adjustment, awareness; excellent
PD; easy administration; multiple languages;
free

Limited research; no research in NF;
focused on HA; scoring not clear

Classroom Participation
Questionnaire43; HRQoL

SR, TR;
children
grades 2–8; 28

Good PD; easy administration; short form
available; normedondeaf and hard-of-hearing
students; free

DA: communication between students/
teachers/peers; SR of classroom; limited to
academic environment; English only; no
research in NF

Client-Oriented Scale of
Improvement30; HF/HRQoL

SR; 67–75; 16
categories

DA: perception of rehab benefits, decreased
disability, emotion; trials over time; multiple
studies; good PD; child version available; easy
administration; free

Scores difficult to compare across
individuals in the context of a clinical trial;
English only; no research in NF

Communication Profile for the Hearing
Impaired (CPHI)44 and Screening Test for
Hearing Problems (STHP); HRQoL

SR; 20–70;
CPHI 145,
STHP 20

DA: performance, environment, strategies,
adjustment; trials over time; excellent PD;
short form available; multiple languages; free

Pilot data from active and retired military
(13 female); HA data; no research in NF; no
recall period; CPHI long to complete with
many instructions

Everyday Listening Questionnaire 245; HF SR; 23–78; 6 DA: speech understanding in multiple
environments, enjoyment of music; clinical trial
use; easy administration;multiple languages; free

No PD; adults only with cochlear implants
reported; no research in NF

Glasgow Children’s Benefit Inventory46;
HRQoL

PR; 1–19; 24 DA:physical, social,emotional, cognitive,education/
development, functional, general health; good PD;
easy administration; multiple languages

Retrospective data only; focused on surgery
outcomes; not specifically related to hearing
concerns; difficult to score; no research in NF

Hearing Beliefs Questionnaire21; HRQoL SR; 18–90; 26 DA: social, emotional, cognitive; good PD; easy
administration; free

Clinical trials by 1 researcher; significantly
older male veterans; no research in NF;
hearing aid assessment; English only

Hearing Environments and Reflection on
Quality of Life Measurement for
Children37; HRQoL

SR; 7–18; 26 DA: physical, social, emotional, cognitive,
listening environments; good PD; easy
administration

Only 2 studies (validation); adolescents only
with hearing loss; no research in NF;
licensing/cost; English only

Hearing Handicap Inventory for the
Elderly–Screening36; HRQoL

SR; 13–84; 25 DA: social, emotional, perceived degree of
concern; good PD; many etiology types
studied; easy administration; multiple
languages; free

DA not appropriate for clinical trials in NF;
focused on older adult population; no
research in NF; different items across
versions of the scale

Hearing Measurement Scale29;
HF/HRQoL

SR; 40+; 42 DA: speech/nonspeech hearing, localization,
emotion, recruitment, tinnitus, perception of
hearing; appropriate for NF related to hearing
loss and perception; good PD; multiple
languages; free; short version available

Mostly men with noise-induced hearing
loss; limited research; no research in NF;
different response formats across
questions; complex wording

Listening Inventory For
Education–Revised47; HF

SR/TR; 6+, 8+;
15 (pre)/6 (post)

Easy administration; shorter 7-item version
available; free

DA not appropriate for clinical trials in NF;
no research in NF; limited PD; children only;
English only

The Penn Acoustic Neuroma
Quality-of-Life Scale48; HRQoL

SR; 18–88; 26 DA: hearing, balance, face, anxiety, energy,
pain, general health; very good PD; data from
patients with non-NF2 acoustic neuromas;
multiple languages; free

DA not focused specifically on hearing;
score obtained is for the total instrument,
not by item

Self-Assessment of Communication (SAC)
11 and Self-Assessment of
Communication–Adolescent (SAC-A)31;
Significant Other Assessment of
Communication11, 31; HF/HRQoL

SAC: SR, SO;
25–84; 10;
SAC-A: SR, SO;
11–19; 12

DA: include disability/activity limitation,
appropriate for NF; wide age range with
parallel forms from child to adult; multiple
studies including clinical trials; good PD;
minimal clinically important difference scores
available; easy administration; free

SAC-A items thought tomask “emotions and
attitudes” revealed through dialogue; no
research in NF; English only

Continued
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the utility of PROMs for behavioral or pharmacologic trials in
NF2. There is a need for research aimed at (1) developing and
validating tools for hearing-related QoL35 for patients with and
without NF2 and (2) evaluating the utility of audiologic re-
habilitation for improving hearing outcomes for patients with
NF2. Finally, given that the SAC and SAC-A are only available
in English, it is recommended that future research focus on the
acquisition of normative data for versions of the SAC, SAC-A,
and significant other forms in other languages.

Results of this work have identified a need for normative data
from PROMs used to assess hearing function and hearing-
related QoL for children and adults with NF2. NF2-specific
normative data are needed since PROMs to assess hearing are
frequently normed on populations of older adults, including
veterans, without NF2.22,36 Older adults may have very dif-
ferent etiologies of hearing loss and profiles than individuals
with NF2, warranting further study in this area.

Continued work is needed to evaluate PROMs related to
hearing function and hearing-related QoL for young children,
as there is insufficient evidence for use of the SAC-A with
children under the age of 11. It is important to consider that if
a child with NF2 exhibits symptoms relatable to VS, the child
likely has a more severe and rapidly progressive form of the
disorder, which may affect hearing-related QoL. As children
are enrolled in NF2 clinical trials, information regarding the
psychometric properties of these measures for use with chil-
dren is needed. It should be noted that the Hearing Envi-
ronments and Reflection onQuality of Life (HEAR-QL-2837)
was considered as an assessment of hearing-related QoL for
younger children that extends down to age 7. This measure is
composed of 26 clearly worded items that ask about perceived
involvement in activities, feelings, and hearing in different
environments. Whereas the HEAR-QL-28 was not a primary
recommendation given that it has no parallel measure for
adults and may not be feasible due to costs, clinician–
researchers may wish to consider the HEAR-QL-28 if con-
ducting a pediatric-only clinical trial.

The REiNS PRO Communication Group is continuing to
work to identify appropriate baseline and end point PROMs
for clinical trials in neurofibromatosis. Directions for future
REiNS PRO Communication Group work will be to identify
valid and reliable PROMs for the assessment of all patients,
including those with concerns in speech, language, or hearing,
to ensure that client–caregiver perspectives can be accurately
understood throughout clinical trials across the lifespan. Re-
searchers and clinicians are encouraged to collaborate with
patient representatives during pharmacologic and behavioral
clinical trials and subsequently use PROM data to determine
clinically significant changes in outcomes deemed most im-
portant to patients.
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Table 2 Summary of Identified Strengths and Limitations of Measures Used to Assess Hearing Functioning and Hearing-
Related Quality of Life (continued)

Measure and domain area

Report
format; age
range, y;
number of
items Strengths for use in NF clinical trials Limitations for use in NF clinical trials

Spatial Hearing Questionnaire49; HF SR; 18–61; 24 Excellent PD; easy administration; multiple
languages

DA: specifically examines spatial hearing;
cochlear implant studies only; no research
in NF

Speech, Spatial and Qualities
of Hearing Scale50; HF

PR, TR; 5+; SR;
11+; 49

DA: speech hearing, spatial hearing;
appropriate for NF; good PD; many studies
including clinical trials; includes research inNF;
multiple languages

Long; recommended child form
administered via interview; nonparallel
items in adult/child versions

Abbreviations: DA = domains assessed; HA = hearing aids; HF = hearing functioning; HRQoL = hearing-related quality of life; NF = neurofibromatosis; PD =
psychometric data; PR = parent-report; SO = significant other; SR = self-report; TR = teacher-report.
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