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ABSTRACT

Objectives: Vestibular schwannomas are the hallmark of neurofibromatosis 2 (NF2), occurring in
.95% of patients. These tumors develop on the vestibulocochlear nerve and are associated with
significant morbidity due to hearing loss, tinnitus, imbalance, facial weakness, and risk of early
mortality from brainstem compression. Although hearing loss and facial weakness have been
identified as important functional outcomes for patients with NF2, there is a lack of consensus
regarding appropriate endpoints in clinical trials.

Methods: The functional outcomes group reviewed existing endpoints for hearing and facial func-
tion and developed consensus recommendations for response evaluation in NF2 clinical trials.

Results: For hearing endpoints, the functional group endorsed the use of maximum word recogni-
tion score as a primary endpoint, with the 95% critical difference as primary hearing outcomes.
The group recommended use of the scaled measurement of improvement in lip excursion (SMILE)
system for studies of facial function.

Conclusions: These recommendations are intended to provide researchers with a common set of
endpoints for use in clinical trials of patients with NF2. The use of common endpoints should
improve the quality of clinical trials and foster comparison among studies for hearing loss and
facial weakness. Neurology® 2013;81 (Suppl 1):S25–S32

GLOSSARY
AAO-HNS 5 American Academy of Otolaryngology-Head and Neck Surgery; HB 5 House-Brackmann; HR 5 hearing
response; NF2 5 neurofibromatosis 2; PTA 5 pure-tone average; REiNS 5 Response Evaluation in Neurofibromatosis and
Schwannomatosis; SH 5 stable hearing; SMILE 5 scaled measurement of improvement in lip excursion; VS 5 vestibular
schwannoma; WRS 5 word recognition score.

Vestibular schwannomas (VS) are the hallmark of neurofibromatosis 2 (NF2), occurring in
.95% of patients. VS develop on the vestibulocochlear nerve and cause significant morbidity
due to hearing loss, tinnitus, imbalance, and risk of early mortality from brainstem compression.
Hearing loss develops over time in patients with NF2, and these declines are associated with
gradual VS growth.1 Facial weakness is a common sequela of surgery to remove VS and may also
occur as a late manifestation of large VS, secondary to facial nerve schwannomas, or as an
isolated mononeuropathy.1 Facial weakness causes articulation difficulties, oral incompetence,
lack of ability to smile and express emotions, and inability to blink and protect the cornea, which
can lead to vision loss. Facial weakness and hearing loss adversely affect quality of life2–4 and as
such represent important functional outcomes in clinical trials.

NATURAL HISTORY OF HEARING LOSS AND FACIAL WEAKNESS IN NF2 The natural history of hearing
loss in NF2 has been studied in the prospective multicenter NF2 Natural History Study sponsored by the
Department of Defense Consortium.5 In a cohort of 63 patients (108 VS) within 2 years of the diagnosis
of NF2, 27% of the ears experienced a significant loss in pure-tone average, defined as a change of 5 dB
compared with baseline.5 The natural history of facial weakness in NF2 has not been well studied. The best data
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come from large retrospective studies of facial function
after resection of NF2-related VS. These studies suggest
that preoperative tumor size does not correlate with
facial function after middle fossa approach or transla-
byrinthine approach.6,7

Consensus endpoints to study hearing loss and facial
weakness in the setting of NF2 are necessary. Currently,
there is no standard definition of hearing loss or facial
weakness that is used uniformly across clinical trials.
The lack of consensus makes it difficult to compare re-
sults between trials or between clinical reports of surgical
outcomes. The NF community would benefit from the
use of consensus definitions in future trials, particularly
those that will be presented to national regulatory bodies
as evidence for drug approval.

MEASUREMENT OF HEARING LOSS AND FACIAL
WEAKNESS Hearing is monitored in clinical prac-
tice by measuring pure-tone thresholds and word

recognition scores (WRS), also known as speech rec-
ognition scores or speech discrimination scores. Pure-
tone thresholds measure the minimum sound level
that an ear can perceive. Thresholds are typically mea-
sured at octaves and half-octaves from 250 Hz to
8,000 Hz. An average of thresholds at 500, 1,000,
2,000, and 4,000 Hz (pure-tone average [PTA]) is a
recommended standard outcome measure for report-
ing in cases of VS.8 WRS measure the ability of pa-
tients to meaningfully interpret sounds. WRS are
measured as the percentage of monosyllables patients
can correctly identify when they are presented at a
fully audible level. Paradoxically, WRS sometimes
decrease in individuals with VS when the words are
presented at high volume (rollover effect).9 Standard
audiologic techniques have been developed to avoid
potential pitfalls in testing patients with retrocochlear
lesions that exhibit rollover. Patients can be classified
into categories of hearing based on American Academy
of Otolaryngology-Head and Neck Surgery (AAO-
HNS) schemes: class A (PTA # 30, WRS .70%),
class B (PTA .30 to # 50, WRS $ 50%), class C
(PTA .50, WRS $ 50%), and class D (PTA any
level, WRS,50%). Class A and B hearing are termed
“serviceable”; class C and D hearing are termed “non-
serviceable.”

In clinical practice, facial function is monitored
using the House-Brackmann (HB) scale,10 which
grades facial function in 6 steps from normal (HB
I) to total paralysis (HB VI) (table 1). In 1985, the
AAO-HNS adopted the HB as a universal standard.
Over the years, the HB grading scale has been up-
dated.11 Other scales, such as Burres-Fisch, Notting-
ham, Sunnybrook, and Yanagihara, have also been
used to grade facial function.12

METHODS The Response Evaluation in Neurofibromatosis

and Schwannomatosis (REiNS) functional outcomes group was

formed to address the lack of consensus about appropriate func-

tional endpoints to use in NF clinical trials. The functional out-

comes group has 10–15 active participants that meet monthly for

teleconferences and present recommendations biannually to the

full REiNS International Collaboration group. The group con-

sists of professionals from various disciplines involved in NF care,

including neurologists, geneticists, otolaryngologists, audiolo-

gists, oncologists, therapists, radiologists, and statisticians. The

group has representation from the US, Europe, and Australia.

Selection of functional endpoints. During the first meeting,

the functional endpoint group agreed to discuss 4 functional end-

points that were relevant for patients with NF1, NF2, and

schwannomatosis as part of a clinical trial: 1) hearing function,

2) facial function, 3) walking function, and 4) pulmonary func-

tion. We report the first 2 endpoints assessed by the functional

endpoints working group.

Rating of functional endpoints. The functional outcomes

group modified the standardized form used for patient-reported

outcomes (see Wolters et al., this supplement). Using this form,

the group reviewed outcome measures for hearing function and

Table 1 Grading of facial strength using the House-Brackmann scale10

Grade Description Characteristics

I Normal Normal facial function in all areas

II Mild dysfunction Gross: slight weakness noticeable on close inspection; may have
very slight synkinesis

At rest: normal symmetry and tone

Motion

Forehead: moderate to good function

Eye: complete closure with minimum effort

Mouth: slight asymmetry

III Moderate
dysfunction

Gross: obvious but not disfiguring difference between 2 sides;
noticeable but not severe synkinesis, contracture, and/or hemifacial
spasm

At rest: normal symmetry and tone

Motion

Forehead: slight to moderate movement

Eye: complete closure with effort

Mouth: slightly weak with maximum effort

IV Moderately severe
dysfunction

Gross: obvious weakness and/or disfiguring asymmetry

At rest: normal symmetry and tone

Motion

Forehead: none

Eye: incomplete closure

Mouth: asymmetric with maximum effort

V Severe dysfunction Gross: only barely perceptible motion

At rest: asymmetry

Motion

Forehead: none

Eye: incomplete closure

Mouth: slight movement

VI Total paralysis No movement
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facial function. For hearing function, the review included use of

PTA, AAO-HNS hearing classification,13 the Gardner-Robertson

hearing classification,14 and the 95% critical difference for word

recognition.15 For facial function, the group reviewed use of the

HB scale11,16 and the scaled measurement of improvement in lip

excursion (SMILE) analysis.17

RESULTS For hearing endpoints, the functional
group chose to endorse the use of maximum WRS
as a primary endpoint, with the 95% critical differ-
ence for primary hearing outcomes15 and the SMILE
system for facial outcomes.18 These outcomes are dis-
cussed below.

Recommended primary outcome for hearing: Maximum

WRS.Hearing in patients with NF2 is measured using
an audiogram that includes measurement of pure-
tone thresholds and WRS. Word recognition is the
measure most closely associated with daily hearing
function since it measures the ability to comprehend
speech (rather than “detect” it). If word recognition
quality improves, the patient can converse success-
fully, even if a hearing aid is needed to make sounds
sufficiently loud.

Different statistical models have been used in clin-
ical trials to compare 2 word recognition tests (as in a
within-subject change with treatment). The use of a
fixed criterion for significance (e.g., a difference of
15 percentage points from baseline) is attractive given
the simplicity of implementing this rule. However, a
fixed criterion could allow certain errors, in that
changes that exceed the criterion might not be signif-
icant at p5 0.05 (false-positive) and changes that are
less than the criterion might be significant at p 5

0.05. If instead the significance level is fixed at
0.05, the criterion for difference varies depending
on the baseline WRS. This results in 2 scores, 1 above
and 1 below the starting value, which are known as
the critical differences at the selected probability level
(i.e., p 5 0.05, table 2).15

Feasibility. Audiology is widely available and it
takes about 20 minutes to perform testing that
includes a 50-word recognition list. Standardization
of testing is critical for use in clinical trials. For this
reason, the group recommends use of a recorded list
of standardized monosyllables.

Patient characteristics. Standard audiometry can be
administered reliably to individuals aged 5 years and
older.19 Audiometry is valid for important subgroups
such as the elderly and people with intellectual disa-
bility.20 Since the results are analyzed as repeated
measures, a participant may be evaluated using
English materials if the audiologist decides that the
results reasonably reflect comparative (test-to-test)
performance. A recommended approach may be to
require that participants be “testable in English” as
opposed to the narrower criterion of English as a first

language.8 There are also valid tests that can be re-
ported using the same mathematical criteria available
in several languages.21

Use in published studies. The 95% critical difference
has been used as a primary endpoint or as a secondary
endpoint in studies of sudden sensorineural hearing
loss15 and in studies of bevacizumab and lapatinib
for NF2-related VS.22–24

Baseline documentation of “target” and “nontarget”

lesions.When 2 functional ears are present at baseline,
the target ear and nontarget ear should be identified
and recorded at baseline. The goal is to target an
ear that lends itself to reproducible repeated measures.
Target ears should be selected on the basis of the qual-
ity of the hearing and the presence of an ipsilateral
VS. Hearing loss in the target ear should be attributed
to VS (rather than other causes of hearing loss).

The maximum WRS should be recorded for all
ears. To address rollover, an empirical search using
at least 2 levels (“high” and “low”) should be used
to identify maximum WRS at each evaluation.
Speech intelligibility should be evaluated for each
ear using standard word recognition of monosyl-
lables.25 All tests should use recorded lists (e.g.,
CID-W22, Ira Hirsh recording, Q/MASS v 2) from
a compact disc26 rather than spoken word lists since
this results in less variability of results. The initial
level should be set where maximum performance is
expected for each ear. The “high” level will be the
level calculated for maximum audibility, as in the
standard method for level setting in nontumor cases.
The “low” level will be the maximum level minus 10–
15 dB as chosen by the audiologist to reflect a level
with less chance of rollover. The maximum WRS is
defined as the greater WRS determined at the “high”
and “low” levels.

Response criteria. Hearing response criteria are
defined in reference to the baseline WRS at study ini-
tiation (table 2). Hearing response (HR) is defined as
an improvement in WRS above the 95% critical dif-
ference. Stable hearing (SH) is defined as persistence
of WRS within the 95% critical difference. Hearing
decline is defined as a decrease in WRS below the
95% critical difference.

Special notes on assessment of hearing. WRS is not a
continuous variable: it is a sum of binary responses
(correct/incorrect) that ranges from 0% to 100%. The
existence of upper and lower boundaries introduces a
“ceiling” and “floor” effect for patients with hearing
near the top and bottom of the range, respectively. As
table 2 shows, patients withWRS# 6% are not eligible
for hearing decline since the 95% critical difference
includes 0%; similarly, patients with WRS $94% are
not eligible for hearing improvement since the 95%
critical difference includes 100%. In the NF2 Natural
History study, the rate of spontaneous increase in WRS
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was 16% in patients with baseline WRS$ 90%.27 For
trials using hearing response as the primary outcome,
the functional group recommends excluding patients
with WRS$ 90% to allow for appreciation of hearing
improvement and to ensure that test-to-test variation
does not obscure true changes in hearing function.

Frequency of reevaluation. No evidence-based guide-
lines are available to help determine the interval
between evaluations. The functional group recom-
mends reevaluation of maximum WRS every 3
months during initial treatment and every 3–6
months during prolonged treatment.

Confirmatory measurement/duration of response. In
nonrandomized trials where response is the primary
endpoint, confirmation of response is desirable. The
time between audiograms should be at least 1 month.
Responses that are not confirmed by subsequent
audiology should be termed “unconfirmed response.”
For randomized trials or for trials where time to hear-
ing decline is the primary endpoint, confirmation of
response is not required. To declare stable disease,
audiograms must show stable disease at least once
after study initiation for a period of time that is
defined by the study protocol (usually 6 months).

Duration of hearing response. The duration of HR is
measured from the time when study measurement
first shows a HR until the first date that maximum
WRS is recorded within the 95% critical difference
of the baseline WRS.

Duration of stable hearing. SH is measured from the
start of treatment until the criteria for hearing decline
are met, taking as reference the 95% critical differ-
ence of the baseline maximum WRS. For protocols
designed to study the proportion of patients with
SH for a minimum period of time, the protocol
should specify the interval between audiograms.

It is important to note that the duration of HR/
SH and the determination of time to hearing decline
is influenced by the frequency of follow-up after base-
line evaluation. These intervals should be defined in
the study protocol.

Proportion free from hearing loss. Historically, most
patients with NF2 experience profound bilateral hear-
ing loss during the course of life. For young patients
and those with good hearing, a therapy that could
prevent hearing loss would be desirable, even if this
therapy did not improve hearing. In this scenario,
the proportion of patients free from hearing loss at
landmark time points might be considered appropri-
ate to provide an initial sign of biologic activity. How-
ever, in uncontrolled phase II trials this endpoint is
subject to bias from known and unknown factors that
influence hearing loss. Ideally, this endpoint is best
evaluated in the setting of a randomized trial. In the
case of NF2, spontaneous hearing improvement is
sufficiently uncommon (about 16% for patients with

Table 2 Hearing response guidelines

Baseline word
recognition score (%)

95% critical
difference (%)

Hearing
response (%)

Progressive
hearing loss (%)

0 0–4 $6 n/a

2 0–10 $12 n/a

4 0–14 $16 n/a

6 2–18 $20 0

8 2–22 $24 0

10 2–24 $26 0

12 4–26 $28 #2

14 4–30 $32 #2

16 6–32 $34 #4

18 6–34 $36 #4

20 8–36 $38 #6

22 8–40 $42 #6

24 10–42 $44 #8

26 12–44 $46 #10

28 14–46 $48 #12

30 14–48 $50 #12

32 16–50 $52 #14

34 18–52 $54 #16

36 20–54 $56 #18

38 22–56 $58 #20

40 22–58 $60 #20

42 24–60 $62 #22

44 26–62 $64 #24

46 28–64 $66 #26

48 30–66 $68 #28

50 32–68 $70 #30

52 34–70 $72 #32

54 36–72 $74 #34

56 38–74 $76 #36

58 40–76 $78 #38

60 42–78 $80 #40

62 44–78 $80 #42

64 46–80 $82 #44

66 48–82 $84 #46

68 50–84 $86 #48

70 52–86 $88 #50

72 54–86 $88 #52

74 56–88 $90 #54

76 58–90 $92 #56

78 60–92 $94 #58

80 64–92 $94 #62

82 66–94 $96 #64

84 68–94 $96 #66

86 70–96 $98 #68

Continued
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baseline WRS , 90%) that a nonrandomized trial
may be justifiable.27

Reporting best response results. For phase II trials, all
patients in the study must be included in the report
of the results, even those who are not evaluable or
experience major protocol deviations. Patients should
be designated as either HR, SH, hearing decline, or
not evaluable (e.g., early death, toxicity, assessment
not performed). In general, the denominator for cal-
culation of the response rate should include all eligible
patients. Conclusions should not be based on selected
“evaluable” patients. For phase III trials, hearing
response evaluation may be a primary or secondary
endpoint. If hearing response evaluation is a primary
endpoint (i.e., the study includes only patients who
are capable of hearing improvement), the discussion
above should apply. If response evaluation is a sec-
ondary endpoint (i.e., the study includes all patients
regardless of hearing), the hearing response rate may
be reported using an “intention-to-treat” analysis
(with all randomized patients in the denominator)
or using a predefined subset analysis (including the
subset of patients with hearing loss at baseline). The
study protocol should specify how response results
will be reported, including any planned subset
analyses.

Other outcomes for hearing: Pure-tone average. An alter-
native measure of hearing includes simple detection
of sound (i.e., the threshold of audibility). Pure-tone
thresholds are most often measured at the frequencies
of 250, 500, 1,000, 2,000, 3,000, 4,000, 6,000, and
8,000 Hz. The PTA is calculated as the average of
thresholds at 500, 1,000, 2,000, and 4,000 Hz,8

although other thresholds may be used.28 Changes
in pure-tone audiometry have been used in oncology
studies to monitor ototoxicity from chemotherapy.
However, in patients with VS, word recognition is
affected to a greater extent than detection of pure

tones29 due to cochlear and neural alterations.30 Fur-
thermore, patients’ quality of life is directly limited by
reduced word recognition rather than audibility,
which can be addressed by amplification. For this
reason, the committee does not endorse changes in
PTA as a primary outcome for hearing trials but does
recommend that PTA be recorded as a secondary
outcome.

Recommended primary outcome for facial function:

SMILE analysis. SMILE analysis is a technique to mea-
sure facial function that relies on computerized mea-
surement of facial excursion based on photographs
taken in standard positions (figure). The system uses
the iris diameter (corneal white-to-white diameter) as a
scale reference for all facial dimensions on the same
photograph. This built-in scale—in the same plane
as the oral commissure—allows measurements of hor-
izontal to vertical commissure excursion to be extrap-
olated from frontal photographs using readily available
photo-editing software.

Feasibility. SMILE analysis is performed using frontal
photographs of the patient at rest and with a full smile.
Photos are imported into the software program (Face-
gram), which then calculates an objective analysis of
smile symmetry and change in commissure excursion.
The Java-based SMILE analysis program is free for use
and can be downloaded at www.sircharlesbell.org/
facial_nerve_programs.html. Complete facial analysis
takes less than 5 minutes and may be stored
electronically for future use.

Patient characteristics and validity. SMILE analysis can
be reliably performed in individuals capable of standard
facial poses.17 The lower age limit for reliability of mea-
surement has not been determined. In a previous study
of 10 normal individuals (20 hemi-smiles), there was a
strong correlation between measured distances and the
true excursion (class correlation coefficients R 5 0.96–
0.99). There was strong correlation between the meas-
urements of excursion distances for multiple raters
(intraclass correlation coefficients: R 5 0.88–0.98).
The intratest reliability after 1 week (for a given rater)
was 0.99, indicating a strong correlation between meas-
urements over time.

Use in published studies. SMILE analysis has been
used as an endpoint in studies of facial reanimation
due to many causes, including NF2.31,32 To date,
the technique has not been used in multicenter
studies.

Baseline documentation of “target” and “nontarget”

hemi-smiles. When unilateral facial weakness is present
at baseline, the target hemi-smile should be identified
and recorded at baseline. In this instance, the contra-
lateral (nontarget) hemi-smile acts as a normal control
for the affected side. A history of previous surgery that
might affect facial strength (e.g., resection of VS)

Table 2 Continued

Baseline word
recognition score (%)

95% critical
difference (%)

Hearing
response (%)

Progressive
hearing loss (%)

88 74–96 $98 #72

90 76–98 100 #74

92 78–98 100 #76

94 82–98 100 #80

96 86–100 n/a #84

98 90–100 n/a #88

100 96–100 n/a #94

Abbreviation: n/a 5 not applicable.
Clinical criteria for definition of hearing response based on a 50-item monosyllable word
recognition test. Upper and lower limits for the 95% critical differences for percentage
scores are adapted from Thornton.35
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should be recorded. When bifacial weakness is pre-
sent at baseline, a target hemi-smile should be identi-
fied and recorded at baseline, based on normative
smile parameters.33

Patients should be photographed using at least 2
facial poses, including “at rest” and with a broad
smile. Using the software, the true smile excursion
from midline and the smile angle from horizontal
midline should be recorded for target and nontarget
hemi-smiles (figure). Comparison between smile an-
gles and smile excursion on the normal side and the
affected side at baseline provides an objective analysis
of smile symmetry. Comparison between smile angles
and smile excursion of the target hemi-smile before
and after intervention provides an objective analysis
of change in commissure excursion with treatment.

Response criteria. Consensus criteria using SMILE
analysis (or other facial rating scales) have not been
defined to date. Until more data are acquired, the
functional committee proposes to define a response
as an increase in true smile excursion of 25% com-
pared with the true smile excursion at baseline. Pro-
gression is defined as a decrease in true smile
excursion of 25% compared with the baseline true
smile excursion. Stable function is defined as all other
changes in true smile excursion compared with base-
line. These response criteria apply to patients with
both unilateral facial weakness and bifacial weakness.

Special notes on assessment of facial function. Patients
with facial weakness also experience paralytic lagoph-
thalmos, which can increase risk of complications

such as keratopathy. SMILE analysis of facial photos
is capable of measuring corneal exposure before and
after intervention. Measuring changes in lagophthal-
mos should be studied with a goal of defining
response criteria in the future. Presently, the group
recommends a 2-mm increase in lid position as a
functional response and a 2-mm decrease in lid posi-
tion as functional decline.

Frequency of reevaluation. No evidence-based guide-
lines are available to determine an appropriate interval
between evaluations. The functional group recom-
mends reevaluation of true smile excursion every 3
months during the first year after surgical interven-
tion and yearly afterwards.

Confirmatory measurement/duration of response. In
nonrandomized trials where response is the primary
endpoint, confirmation of response is desirable. The
minimum time between facial analyses should be at
least 1 month. Responses not confirmed by subse-
quent facial photos are termed “unconfirmed
response.” For randomized trials or for trials where
time to facial weakness is the primary endpoint, con-
firmation of response is not required. To declare sta-
ble facial strength, facial photos must show stable
strength at least once after intervention at a time that
is defined by the study protocol.

Duration of facial response. The duration of facial
response is measured from the time when study mea-
surement first shows a facial response until the first
date that facial photos demonstrate progressive facial
weakness compared to the best change in true smile
excursion.

Duration of stable facial function. Stable facial func-
tion is measured from the start of treatment or inter-
vention until the criteria for progressive facial
weakness are met, taking as reference the true smile
excursion at baseline. For protocols designed to study
the proportion of patients with stable facial function
for a minimum period of time, the protocol should
specify the interval between facial photos.

The duration of smiling response/stable facial
function and the determination of time to progressive
facial weakness are influenced by the frequency of
follow-up after baseline evaluation. These intervals
should be defined in the study protocol.

Proportion free from progressive facial weakness.Histor-
ically, patients with NF2 experience some facial weak-
ness over their lifetime. For patients with normal
facial function, a novel procedure or technique
(e.g., surgery or radiation) that minimizes, delays, or
otherwise prevents facial weakness would be desir-
able. In this scenario, the proportion of patients free
from progressive facial weakness at landmark time
points could be an appropriate measure of successful
intervention. However, in uncontrolled phase II trials
this endpoint is subject to bias from known and

Figure Example of SMILE analysis
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unknown factors that influence facial function. Ide-
ally, this endpoint is best evaluated in the setting of
a randomized trial.

Reporting best response results. For phase II trials, all
patients in the study must be included in results re-
porting, even those who are not evaluable or experi-
ence major protocol deviations. Patients should be
designated as either facial response, stable facial func-
tion, progressive facial weakness, or not evaluable
(e.g., early death, toxicity, assessment not performed).
In general, the denominator for calculation of the
response rate should include all eligible patients. Con-
clusions should not be based on selected “evaluable”
patients. For phase III trials, response evaluation may
be a primary or secondary endpoint. If response eval-
uation is a primary endpoint (i.e., the study includes
only patients who have baseline facial weakness), the
discussion above should apply. If response evaluation
is a secondary endpoint (i.e., the study includes all
patients regardless of facial function), the response
rate may be reported using an “intention-to-treat”
analysis (with all randomized patients in the denom-
inator) or using a predefined subset analysis (includ-
ing the subset of patients with facial weakness at
baseline). The study protocol should specify how
response results will be reported, including any
planned subset analyses.

Other outcomes for facial function: House-Brackmann

scale. As noted above, facial function in patients
with VS is commonly monitored using the HB
scale.10 Given the widespread use of this scale and
its correlation with other scales of facial function,34

the committee recommends that the HB score be
recorded as a secondary outcome for trials of NF2
patients with VS.

CONCLUSION These recommendations by the REiNS
Collaboration are intended to provide researchers with a
common set of endpoints for clinical trials for patients
with NF. The use of shared endpoints will improve
the quality of clinical trials and encourage pharmaceuti-
cal companies to invest in drug development in this
patient population. The REiNS International Collabora-
tion recognizes that no criteria are perfect and that alter-
native endpoints can be justified for these studies. In the
future, the group intends to update these recommenda-
tions as more information is published about clinically
relevant endpoints.
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