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Neurofibromatosis (NF) type 1 (NF1), NF type 2 (NF2), and schwannomatosis are genetic
tumor predisposition syndromes with a wide variety of clinical manifestations. Effective medical
treatments for these conditions remain limited. Since its founding in 2011, the Response
Evaluation in Neurofibromatosis and Schwannomatosis (REiNS) International Collaboration
has worked to develop standardized, practical, and clinically meaningful outcome measures for
clinical trials in these conditions. Two previous supplements published in Neurology® in 20131
and 20162 set forth a variety of recommendations that are summarized in the table.

Since the last supplement was published, the REiNS group has continued to grow and evolve.
One major focus has been to increase patient engagement in clinical trial design to ensure that
these trials address issues of importance to patients and that trial evaluations and outcome
measures are feasible. Thus, a patient representative working group was formed, and patient
representatives have become an integral part of all REiNS projects. A second major focus for
multiple working groups has been the development of clinical trial endpoints for cutaneous
neurofibromas (cNF). This initiative was driven by input from patient representatives who
identified cNF as a major cause of morbidity and by the recent development of targeted
therapies that may be able to treat them.

In the introduction to the first supplement, we predicted that “these recommendations will be
modified with time as more data on NF-specific endpoints becomes available.” In the years
since the most recent REiNS recommendations were published, these measures have been used
in multiple clinical trials. The recently published phase 2 trial of the MEK inhibitor selumetinib
for inoperable plexiform neurofibromas (PN) in children with NF1 used REiNS recommen-
dations to determine key outcome measures and definitions for clinically meaningful change
when available.3 Some of the practical lessons learned during this and other trials will likely
inform future clinical trial designs for this condition.

For example, the REiNS recommendations for clinical trial endpoints for patients with airway-
related PN provide examples of both successful implementation of the recommendations and
areas that will likely need refining for future clinical trials.4 Patients with airway-associated PN
can have upper or lower airway obstruction if the trachea or bronchi are compressed and may
have significant restrictive lung disease if the tumor displaces lung parenchyma. In the selu-
metinib trial, 16 of 50 patients (32%) had PN-related airway morbidity.3 The REiNS recom-
mendations for airway PN included the use of spirometry and polysomnography, with specific
emphasis on the forced expiratory volume in 1 second (FEV1) and the apnea-hypopnea index
(AHI) from each test, respectively4 (table). While the guidelines for improvement in FEV1

were crucial in identifying a clinically meaningful improvement in many of these patients, there
were some important limitations to the practical application of the recommendations. First, 5 of
the most severely affected patients in the cohort had tracheostomies and therefore were unable
to complete pulmonary spirometry testing, which requires an intact airway and significant
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cooperation from the patient. Therefore, these most severely
affected patients were unable to be monitored for subtle
changes over time. Second, the baseline degree of dysfunction
for some patients, while clearly abnormal, was not always
above the threshold needed to eliminate a possible ceiling
effect to assess for response. Specifically, this applied to the
AHI, a normalized measure of the number of episodes of
decreased oxygenation a patient has while sleeping. In pedi-
atric patients, an AHI >1 is considered abnormal; however, to
reliably detect change, REiNS recommended to include only
patients with an AHI >5 at baseline; none of the patients on
the selumetinib clinical trial met this threshold. Therefore, it
was not possible to detect significant change in this pop-
ulation with this measure. This raises the question of whether
different functional measures might be more suitable to detect
subtle changes over time in this patient population.

Despite these challenges, the phase 2 trial of selumetinib
successfully used the REiNS recommended volumetric re-
sponse criteria for its primary endpoint, as well as several of
the recommended patient-reported outcome measures, in-
cluding the Numeric Rating Scale-11 and Pain Interference
Index for pain and the Patient-Reported Outcomes Mea-
surement Information System–Physical Functioning ques-
tionnaire. The recommendations from the REiNS
collaboration were crucial in determining the appropriateness
of these measures for our patient population and in estab-
lishing accepted thresholds for clinically meaningful change.
The Food andDrug Administration (FDA) recently approved

selumetinib as the first medical treatment for pediatric pa-
tients with inoperable and symptomatic PN primarily on the
basis of the results of this trial. Both the pharmaceutical
company submitting the new drug application (AstraZeneca)
and the FDA commented on the value of the REiNS guidelines.
Of note, the FDA itself has contributed to the success of REiNS
by attending and contributing their expertise to the biannual
REiNS meetings for the last several years, at which they have
clarified regulations for drug approval for rare diseases.

In this supplement, we continue to advance this work by
presenting additional recommendations for a variety of out-
come measures and providing an opportunity to share lessons
learned from the successes and challenges that REiNS has
encountered since its founding. As noted, the entire REiNS
collaboration has made a concerted effort to address cNF over
the past several years, and this supplement contains some of
the results of that initiative, including (1) an overview of
patients’ perspectives regarding possible cNF treatment op-
tions5; (2) evaluation of widely available patient-reported
outcomes measures for patients with NF16; (3) assessment of
the reliability of digital calipers, 3-dimensional photography,
and high-frequency ultrasound for measuring cNF in clinical
trials7; and (4) an overview of currently available and rec-
ommended biomarkers for cNF research.8

This supplement also includes assessment and recommen-
dations for the use of patient-reported outcome measures for
other NF-related conditions such as disease-specific quality of

Table Clinical Trial Recommendations From Previous REiNS Publications

Clinical trial
endpoint Recommended primary outcome measure(s) Recommended secondary outcome measure(s)

Imaging
response18

Volumetric MRI

Pain19 Numeric Rating Scale-11

Pain
interference19

Pain Interference Index (self-report age 6–24 y, parent-proxy report
6–18 y)
PROMIS–Pain Interference (age ≥18 y)

Physical
functioning19

PROMIS–Physical Functioning (self-report age ≥8 y; parent-proxy
report age 5–17 y)

Visual acuity20 Teller Acuity Cards HOTV; Visual Quality of Life (Children’s Visual Function
Questionnaire, age ≤8 y)

Hearing21 Maximum word recognition score Pure tone average

Facial function21 SMILE analysis House-Brackmann Scale

Sleep4 AHI Oxygen saturation, end-tidal CO2, arousal index

Pulmonary
function4

FEV1 (FEV0.75 for preschoolers); airway resistance at 10 Hz (R10) FVC, PEF, forced expiratory flows airway resistance at 5 and 20
Hz (R5, R20)

Attention22 Digit Span WISC-IV (performance based)
Conners Scale (observer rated)

Abbreviations: AHI = apnea-hypopnea index; FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity; PEF = peak expiratory flow; PROMIS =
Patient-Reported Outcomes Measurement Information System; REiNS = Response Evaluation in Neurofibromatosis and Schwannomatosis; SMILE = Scaled
measurement of improvement in lip excursion; WISC = Wechsler Intelligence Scale for Children.
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life measures9 and measures of hearing-related quality of life
for patients with NF2.10 In addition, validation of objective
assessments of strength (handheld dynamometry),11 atten-
tion,12 and social skills13 in patients with NF will provide key
guidance across a broad spectrum of NF-related clinical trials.
The REiNS biomarker working group presents an overview of
current NF genotype-phenotype correlations and how these
might be used in future clinical trials.14 The REiNS imaging
working group presents data on imaging use practices across
clinical specialists in NF1.15

Last, we are presenting the results of a survey assessing the
successes and challenges of our patient representative program
from the perspective of both patient representatives and health
professionals.16 REiNS is a dynamic working group and will use
the results from this analysis to more effectively engage patient
representatives. At the same time, we hope that our experiences
may help other rare disease communities aiming to integrate
patient representatives into their research initiatives.

While the articles included in this supplement represent a large
portion of the work of the REiNS collaboration over the last
several years, there is also much work still being done, including a
new working group focusing on skeletal endpoints in NF clinical
trials. In addition, the REiNS collaboration intends to continually
reassess its previous recommendations in the setting of practical
clinical trial experience and to further broaden and diversify the
patient representative program. REiNS thus enthusiastically
welcomes new members to advance these efforts.17 With the
recent FDA approval of the firstmedication forNF1 and somany
exciting advances in targeted and other therapies on the horizon,
we are optimistic that the recommendations presented here will
help facilitate further clinical trials and ultimately improve the way
we are able to care for patients with these conditions.
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