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Abstract
Objective
To assess imaging utilization practices across clinical specialists in neurofibromatosis type 1
(NF1) for the evaluation of symptomatic and asymptomatic children and adults with or without
plexiform neurofibromas (PN).

Methods
An institutional review board–exempt survey was administered to medical practitioners caring
for individuals with NF1 at the Response Evaluation in Neurofibromatosis and Schwanno-
matosis (REiNS) meeting in September 2019. The survey included questions on respondent
demographic data (9 questions), type of imaging obtained for asymptomatic (4 questions) and
symptomatic (4 questions) people with and without PN, and utilization of diffusion-weighted
imaging (2 questions).

Results
Thirty practitioners participated in the survey. Most were academic neuro-oncologists at high-
volume (>10 patients/week) NF1 centers. Of 30 respondents, 26 had access to whole-body
MRI (WB-MRI). The most common approach to an asymptomatic person without PN was no
imaging (adults: 57% [17/30]; children: 50% [15/30]), followed by a screening WB-MRI
(adults: 20% [6/30]; children: 26.7% [8/30]). The most common approach to a person with
symptoms or known PN was regional MRI (adults: 90% [27/30]; children: 93% [28/30]),
followed byWB-MRI (adults: 20% [6/30]; children: 36.7% [11/30]). WB-MRI was most often
obtained to evaluate a symptomatic child with PN (37% [11/30]).

Conclusions
More than 90% of practitioners indicated they would obtain a regional MRI in a symptomatic
patient without known or visible PN. Otherwise, there was little consensus on imaging prac-
tices. Given the high prevalence of PN and risk of malignant conversion in this patient pop-
ulation, there is a need to define imaging-based guidelines for optimal clinical care and the
design of future clinical trials.
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Plexiform neurofibroma (PN) affect 30%–60% of individuals
with neurofibromatosis type 1 (NF1),1-3 can cause significant
disability, and 8%–13% undergo transformation into malig-
nant peripheral nerve sheath tumors (MPNSTs).2-7 Although
radiology plays an important role in managing individuals
with NF1, there are limited data and many unanswered
questions regarding the optimal imaging strategy for evalu-
ating symptomatic and asymptomatic peripheral nerve sheath
tumors (PNSTs): (1) Is regional MRI or whole-body MRI
(WB-MRI) better for the characterization and surveillance of
known PN? (2) Is WB-MRI a more sensitive approach to
physical examination with regional MRI for screening to de-
tect asymptomatic PN? (3) What are the best surveillance
intervals for a known PN or screening methods for PN/
MPNST? (4) What are the best uses of WB-MRI, such as
screening for PN in children to monitor for PN-related
morbidity or screening for whole-body PN tumor burden as a
patient enters adulthood to predict lifetime MPNST risk4?

To understand expert clinicians’ approaches to evaluating
symptomatic and asymptomatic people with NF1 and
PNSTs, we administered a survey to medical practitioners
caring for patients with NF1 in designated specialty centers.
We hypothesized that the lack of evidence-based guidelines
would lead to heterogeneous application of imaging for both
diagnosis and surveillance of NF1-associated PNSTs. Ulti-
mately, standardizing the approach to imaging of patients is
desirable to improve the value and accuracy of clinical care
and to identify patients most appropriate for clinical trials.

Methods
Overview
The Response Evaluation in Neurofibromatosis and Schwan-
nomatosis (REiNS) Imaging Working Group designed a sur-
vey (JHMI protocol IRB00142837) consisting of 19 questions
on demographic data of respondents (9 questions), imaging
practices for an asymptomatic adult or child with NF1 with and
without known PN (4 questions), imaging practices for a
symptomatic adult or child with NF1 with and without known
PN (4 questions), and utilization of diffusion-weighted imaging
(DWI; 2 questions). Adults and children were defined as ≥18
and <18 years of age, respectively.

Standard Protocol Approvals, Registrations,
and Patient Consents
This survey was deemed institutional review board exempt
(JHMI protocol IRB00142837).

Survey Questions

Demographic Data
Only respondents who provide clinical care for people
with NF1 in their clinical practice were included in the
analysis. We gathered information on the scope of the
respondents’ clinical practice, type of clinical practice
(academic, private, hybrid, government, or other), medical
specialty, pediatric or adult focus, geographic location,
duration of experience, and number of patients seen in a
typical work week.

Imaging Practices for an Asymptomatic Adult or Child
With NF1 With and Without PN
Survey respondents were asked about the type of imaging they
used for baseline assessment of an asymptomatic child or
adult (WB-MRI, 18F-FDG PET/CT), no imaging, or other
with the option to provide a free-text answer) as well as type of
follow-up imaging and time interval for follow-up if follow-up
imaging was obtained.

Imaging Practices for a Symptomatic Adult or Child
With NF1 With and Without PN
Survey respondents were asked about the type of imaging
they used for baseline assessment of a symptomatic child or
adult (regional MRI of the symptomatic body region, WB-
MRI, 18F-FDG PET/CT, no imaging, or other with the
option to provide a free-text answer) as well as type of
follow-up imaging and time interval for follow-up if follow-
up imaging was obtained.

Utilization of Quantitative Imaging Markers
Survey respondents were asked whether they used DWI
and apparent diffusion coefficient (ADC) values and
which imaging features were most helpful in triaging a
patient to biopsy for suspected MPNST (change in tu-
mor size, low ADC values on MRI, elevated standard
uptake values [SUVs] on 18F-FDG PET/CT, SUV >
ADC > size, ADC > SUV > size, all of the above, and none
of above).

Statistical Analysis
Comparisons were tested for significance using χ2 tests for
categorical variables and independent t tests for continuous
variables.

Data Availability
Anonymized data will be shared by request with qualified
investigators.

Glossary
ADC = apparent diffusion coefficient;DWI = diffusion-weighted imaging;MPNST =malignant peripheral nerve sheath tumor;
NF1 = neurofibromatosis type 1; PN = plexiform neurofibroma; PNST = peripheral nerve sheath tumor; REiNS = Response
Evaluation in Neurofibromatosis and Schwannomatosis; STIR = short tau inversion recovery; SUV = standard uptake value;
WB-MRI = whole-body MRI.
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Results
Demographic Data
Thirty clinical experts participated in the survey. Most re-
spondents practiced at academic centers (27/30; 90%) and
were neuro-oncologists (14/30; 47%) in the United States
(27/30; 90%). One third of respondents (10/30) worked in
high-volume clinics treating >10 patients with NF1 per week.
In addition to neuro-oncologists, other practitioners reported
their specialty as radiology (n = 1), pediatrics (n = 2), medical
genetics (n = 3), hematology-oncology (n = 4), and neurol-
ogy (n = 5). Aside from the United States, Europe (n = 2) and
Australia (n = 1) were identified as the other geographic
locations. The majority (26/30; 87%) of the survey respon-
dents had access to WB-MRI at their institution (figure 1).

Imaging Practices for an Asymptomatic Adult
or Child With NF1 With and Without PN
In an asymptomatic patient without a PN, 50%–57% (15/30 for
children, 17/30 for adults) of respondents indicated they do not
routinely obtain imaging; 20%–27% (6/30 for adults, 8/30 for
children) obtain WB-MRI. In an asymptomatic patient with a
visible or known PN, 60% (18/30 for children and adults) of
respondents indicated they obtain a regional MRI; 20%–27%
(6/30 for adults, 8/30 for children) obtain WB-MRI (figure 2).
Only 1 respondent each opted for whole-body 18F-FDG PET/

CT or whole-body 18F-FDG PET/MRI when evaluating an
asymptomatic individual with NF1, irrespective of age group or
whether they had a known or visible PN.One survey respondent
without access toWB-MRI indicated utilization of a whole-spine
and short tau inversion recovery (STIR) sequence of the body.
No respondent indicated obtaining regional MRI or brain MRI
in an asymptomatic person with NF1 with or without PN.

Use of WB-MRI in Asymptomatic Adults and
Children With or Without PN
In asymptomatic adults, the proportion utilizing WB-MRI (20%
[6/30]) did not change based on the presence or absence of PN.
Similarly, in asymptomatic children, the WB-MRI utilization
proportion (26.7% [8/30]) did not change based on the presence
or absence of PN. There was no statistical difference in the survey
respondents’ utilization ofWB-MRI in asymptomatic pediatric vs
adult patients (26.7% [8/30] vs 20% [6/30], p = 0.76). In the
minority of the practitioners who order WB-MRI, a follow-up
WB-MRI would be obtained annually, irrespective of whether
patients did or did not have a known or visible PN (table).

Surveillance Patterns for Asymptomatic Patients With
NF1
In patients with a known or visible PN, the imaging interval
was more variable (0.5–3 years for regional MRI and 1–2
years for WB-MRI). Two survey respondents (7%) reported

Figure 1 Demographic Data of Survey Respondents

Most respondentswere academic neuro-oncologists practicing in theUnited States in high-volume clinics treating >10 patientswith neurofibromatosis type 1
(NF1) per week. NF2 = neurofibromatosis type 2; SWN = schwannomatosis.
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use of whole-body 18F-FDG PET/CT and whole-body 18F-
FDG PET/MRI for surveillance of children at 1- to 2-year in-
tervals. The table shows the follow-up imaging intervals and
preferences of imaging modalities for asymptomatic adults or
children with NF1 with and without PN. Survey respondents
provided variable imaging interval strategies withWB-MRI being
used in asymptomatic adults annually with a greater variability in
children (interval: 1–3 years). In the setting of a known or visible
PN, the imaging interval was minimally shorter (range 0.5–3
years for regional MRI and 1–2 years forWB-MRI). Two survey
respondents (7%) reported use of whole-body 18F-FDG PET/
CT and whole-body 18F-FDG PET/MRI as their method of
surveillance in asymptomatic children at 1- to 2-year intervals.

Imaging Practices for a Symptomatic Adult or
Child With NF1 With and Without PN
In a symptomatic patient without a visible or known PN,
≥90% (27/30 for adults, 28/30 for children) of respondents

indicated use of regional MRI. The number was slightly lower if a
symptomatic patient was known to have a PN (80%–87% [24/30
for adults, 26/30 for children] of respondents). WB-MRI was the
second most common imaging modality obtained in a symp-
tomatic patient (27%–37% of respondents, depending on age of
the patient and whether patients had a visible or known PN)
(figure 3). WB-MRI was most often obtained in the setting of a
symptomatic child with known or visible PN (36.7% [11/30]). A
very small subset opted for whole-body 18F-FDG PET/CT in the
absence of PN (3.3% [1/30] for adults and 10% [3/30] for chil-
dren). However, the number of survey respondents using whole-
body 18F-FDGPET/CT for the evaluation of a symptomatic child
with PNwas somewhat higher comparedwith adults, although this
was not statistically significant (3.3% [1/30] for adults and 16.7%
[5/30] for children, p = 0.37). A small subset (3.3%–6.7%) opted
for whole-body 18F-FDGPET/MRI (1/30 for adults and children
without PN and 2/30 for adults and children with PN).

Figure 2 Imaging Utilization in Asymptomatic People With Neurofibromatosis Type 1 (NF1) With or Without Known
Plexiform Neurofibroma (PN)

In an asymptomatic patient without a visible or
known PN, 50%–57% of respondents indicated
they do not routinely obtain imaging; 60% of re-
spondents indicated they obtain a regional MRI.
n.s. = not significant; STIR = short tau inversion
recovery; WB-MRI = whole-body MRI.
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Surveillance Patterns for Symptomatic
Patients With NF1
Survey respondents reported a wide range of follow-up im-
aging frequency for regional MRI (table). Intervals ranged
from 3 to 6 months to 2 years in adults and children with or
without visible PN. Respondents indicated the use of WB-
MRI on an annual basis in the absence of PN in adults and
children; however, the surveillance interval ranged from 6
months to 2 years in the presence of a PN. One survey re-
spondent opted to use whole-body 18F-FDG PET/CT and
one reported the use of whole-body 18F-FDG PET/MRI as a
surveillance method performed at an interval of 2 years in the
absence of a PN and 6 months–2 years in the presence of
known or visible PN.

Utilization of Quantitative Imaging Markers
Most survey respondents (26/30 [86%]) reported the use of
DWI and ADC in their imaging practice but only 10% (3/30)
identified ADC values as the most helpful imaging marker to
triage a patient to a diagnostic biopsy. Instead, 50% of re-
spondents (15/30) reported SUV values from whole-body
18F-FDG PET-CT imaging to be most valuable for selecting
patients for biopsy (figure 4).

Discussion
A survey-based questionnaire administered to medical prac-
titioners providing care for individuals with NF1 who atten-
ded the REiNS meeting at the Children’s Tumor Foundation
annual NF Conference in September 2019 revealed a wide
range of imaging utilization for adults and children with NF1.
Lack of evidence-based guidelines on the role of imaging in
the management of patients with NF1 leads to an overall
heterogeneous application of imaging for both diagnosis and

surveillance of NF1-associated PNSTs, making both clinical
care and enrollment to clinical trials challenging for this pa-
tient population. More than 90% of practitioners indicated
they would obtain a regional MRI in a symptomatic patient
without a known or visible tumor. Aside from this, there was
little consensus on imaging practices.

Regarding screening, approximately 50% of practitioners
would not obtain baseline/screening imaging if the patient did
not have symptoms or a known PN. This is interesting as
there are multiple studies showing that up to 60% of patients
with NF1 have internal or deep PN.10 While these may be
asymptomatic initially, some patients are at higher risk of
tumor growth and development of morbidity.11 In addition,
with emerging therapies for PN, consideration is being given
to screening of children to evaluate for PN at high risk for
morbidity, understanding the natural history of PN, and being
able to distinguish high-risk from low-risk PN for progression
and transformation. However, in the absence of data there is
not yet consensus about which individual with NF1 should
have baseline screening imaging and with what modality.

Regarding the question of imaging modality for screening,
given data suggesting that total body tumor burden is asso-
ciated with increased likelihood of adult-onset MPNST,3

many have advocated WB-MRI screening of patients as they
enter adulthood.2 WB-MRI can capture whole-body tumor
burden in a single imaging session and delineate tumors that
cross anatomical planes that may not be captured by a single
regional MRI.8,9 In addition, acquisition measures, imaging
sequences, and anatomical coverage and orientation often
vary over time with regional MRIs, which can make it chal-
lenging to perform accurate scan-to-scan comparisons of PN.
As such, WB-MRI is an ideal method to perform extent-of-
disease evaluations for PN in NF1. That said, the survey

Table Follow-Up Imaging Interval in People With Neurofibromatosis Type 1 (NF1)

Asymptomatic adult (age >18 years) Symptomatic adult (age >18 years)

No known or visible PN Known or visible PN No known or visible PN Known or visible PN

Regional MRI 0 1–2 y (range 0.5–3) 1 y (range 0.25–3) 1 y (range 0.5–5)

WB-MRI 1 y 1 y (range 1–2) 1 y (range 1–2) 1 y (range 0.5–2)

Whole-body 18F-FDG PET/CT 0 1 y 1–2 y 1 y

Whole-body 18F-FDG PET/MRI 0 0 2 y 0.5–2 y

Asymptomatic child (age <18 years) Symptomatic child (age <18 years)

No known or visible PN Known or visible PN No known or visible PN Known or visible PN

Regional MRI 0 1–2 y (range 0.5–3) 1 y (range 0.25–3) 1 y (range 0.5–5)

WB-MRI 1 y (range 1–3) 1 y (range 1–2) 1 y 1 y (range 0.5–2)

Whole-body 18F-FDG PET/CT 0 1 y 1 y 1 y (range 1–3)

Whole-body 18F-FDG PET/MRI 0 1–2 y 2 y 0.5–2 y

Abbreviations: PN = plexiform neurofibroma; WB-MRI = whole-body MRI.
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practitioners reported using physical examination with re-
gional MRI based on examination findings for screening both
children and adults for PN, with only 20%–27% of practi-
tioners stating they obtain WB-MRI in people with NF1 with
and without a known PN at any age. This may be because of
the lack of explicit evidence supporting WB-MRI as a
screening strategy to reduce NF1-related morbidity and
mortality. Those who routinely screen with WB-MRI refer-
ence its usefulness in guiding long-term surveillance plans,
sharing prognosis for future morbidity related to PN, and
selection for treatment based on PN burden.12

For adults with known PN, most practitioners indicated that
they would choose a regionalMRI over aWB-MRI as the first-
line imaging modality. It is unlikely that lack of availability of
WB-MRI would explain this given that almost 90% (26/30) of
respondents reported they had access to this technology.
Rather, the ability to obtain high-resolution images with

minimal scan time, particularly for tumors that do not cross
body boundaries, as well as the use of regionalMRI as the gold
standard for response assessment on PN clinical trials likely
contribute to this. We further speculate that other factors
contribute to the relatively lower utilization rate of WB-MRI,
including low approval rates of WB-MRI by insurance com-
panies and lack of prospective data about performance and
values of WB-MRI beyond expert recommendations. In ad-
dition, some ordering providers may perceive WB-MRI to be
more time-consuming and technically more complicated than
a regional MRI. Interestingly, WB-MRI was most often
obtained in the setting of a symptomatic child with known or
visible PN (36.7% [11/30]) rather than as a screening tool in
asymptomatic children without known or visible PN. We
hypothesize that the tendency of PN to cross traditional an-
atomic planes and the excellent coverage afforded by WB-
MRI play a role in the selection of WB-MRI over regional
MRI in this patient population. Robust prospective data

Figure 3 Imaging Utilization in Symptomatic People With Neurofibromatosis Type 1 (NF1) With or Without Known Plexi-
form Neurofibroma (PN)

In a symptomatic pediatric or adult patient
without a visible or known PN, ≥90% of respon-
dents indicated preferential use of a regional
MRI. n.s. = not significant; STIR = short tau in-
version recovery; WB-MRI = whole-body MRI.
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supporting the advantages of WB-MRIs are needed to con-
firm its value, overcome potential insurance-related hurdles,
and increase awareness of optimal uses of this modality.

There are no consensus guidelines on the use of MRI (re-
gional or whole-body) for the diagnosis and surveillance of
PNST in individuals with NF1. Standardized recommenda-
tions would be useful for several reasons. Firstly, this in-
formation is critical to identify individuals who would benefit
from treatment of PN or would be eligible for clinical trials.
For example, people with NF1 who are asymptomatic and
without PNmay not require surveillance, while those with PN
may benefit from regional or WB-MRI surveillance. Secondly,
presence or absence of deep or internal PN in a person with
NF1, even if asymptomatic, may serve as a predictive bio-
marker for future development of MPNST.10 In addition,
baseline imaging of PN offers a method for documenting
growth that represents a risk for both morbidity13 and
MPNST development.4 Baseline and surveillance imaging can
also detect distinct nodular lesions or atypical neurofibromas
arising in the background of PN,14 which have been identified
as possible precursor lesions for malignancy.15 Lastly, there
are novel therapeutic interventions such as MEK inhibitors
and clinical trials that can be considered for the treatment of
PN. In a phase I/II trial of pediatric patients with NF1 with
inoperable PN treated with the MEK inhibitor selumetinib,
71% of patients experienced significant tumor shrinkage
(defined as a decrease in tumor volume by ≥20% on imag-
ing).16 Selumetinib was approved in April 2020 for treatment
of patients with NF1 by the US Food and Drug Administra-
tion. As selumetinib enters regular clinical use, baseline and

surveillance imaging is increasingly important to select the
patient population most appropriate for treatment.

Regarding time interval of imaging, there was tremendous
variability across practitioners. For asymptomatic adults and
children, the typical surveillance interval was 1 year (range
0.5–3 years). Similarly, for symptomatic adults and children,
the typical surveillance interval was 1 year (range 0.5–5 years)
with the shortest interval reported for a symptomatic child
without a known or visible PN and longest interval for
symptomatic adult with a visible or known PN. The lack of
data for or against specific surveillance strategies (and their
effect on outcomes) is the likely cause for heterogeneous
surveillance intervals found in our responses.

In addition to MRI, a small proportion of survey respondents
also reported the use of metabolic imaging (FDG-PET) for
the evaluation of both adults and children with asymptomatic
and symptomatic PN. Interestingly, among the various clinical
indications included in our survey, whole-body 18F-FDG
PET/CT was most often obtained in a symptomatic child
with known or visible PN (17%, 5/30). As expected, the
utilization of whole-body 18F-FDG PET/MRI was less fre-
quent relative to whole-body 18F-FDG PET/CT, probably
due to limited single-center experience and lack of availability
of hybrid PET/MRI platforms in most clinical centers.18

Whereas WB-MRI has been traditionally used for the de-
tection and quantification of internal PN burden, FDG-PET
offers high diagnostic accuracy for the detection of MPNST in
this patient population using SUV.17,19 Similar to FDG-PET,
whole-body or regional MRI with DWI enables quantification

Figure 4 Utilization of Quantitative Imaging Markers

Although most survey respondents (26/30 [86%]) reported the use of diffusion-weighted imaging (DWI) and apparent diffusion coefficient (ADC) in their
imaging practice, 50% of the survey respondents (15/30) reported SUV values from whole-body 18F-FDG PET-CT imaging to be most valuable for selecting
patients for a biopsy.
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of ADC values, a marker for cellularity and potentially
malignancy.19-21 Of note, the majority (86%) of survey re-
spondents indicated familiarity with quantitative imaging–
based markers for malignancy in NF1 such as ADC and SUV.
Recent studies19-23 suggest that mean or minimum ADC
values derived from DWI may be more useful to distinguish
between benign and malignant PNSTs than qualitative fea-
tures on T1- and T2-weighted images. These findings need to
be validated prospectively in a larger patient population. Al-
though DWI may be superior to standard anatomical MRI
under certain circumstances, survey respondents more often
utilized PET SUVs for planning a targeted biopsy in suspi-
cious PNST, likely due to greater experience with PET-
derived markers.19 Identifying a quantitative imaging bio-
marker that can differentiate atypical neurofibromas from
benign and malignant tumors would have significant clinical
value as it would help identify patients at risk of malignant
conversion and potentially enable earlier intervention.

Our study has several limitations. Firstly, it is a survey-based
instrument rather than an actual measurement of imaging
utilization in a clinical practice. The survey does, however,
provide insight into practice patterns among clinical experts
in NF1. Secondly, the majority of our survey respondents
were academic, American neuro-oncologists (90%) with access
to WB-MRI, which introduces a selection bias (potentially
reflecting insurance-funded NF1 care practice patterns rather
than communal, government, or tax-paid NF1 care practice
patterns). This population is not representative of a typical
practitioner that evaluates a person with NF1 but does reflect
medical practitioners in tertiary, NF1 specialty centers. Fur-
thermore, we did not specify the definition of WB-MRI and
there are multiple approaches employed around the globe that
may have differences in time required and data generated.

Developing and implementing evidence-based guidelines for
imaging utilization in people with NF1 to detect PN and
prevent development of morbidity or malignant conversion
has the potential to improve outcomes for patients, decrease
health care spending, and reduce overall burden to patients,
their caregivers, and the medical system. To achieve this, we
propose prospective evaluation of the following topics using
WB-MRI: (1) natural history of a large cohort of patients with
NF1 with PN across multiple age ranges; (2) identification of
patients at risk of developing an MPNST from a preexisting
PN, based on prospective analysis of MRI and clinical fea-
tures; and (3) identification of patients most likely to respond
to MEK inhibitor therapy, based on MRI and clinical char-
acteristics. In the future, the creation of large, clinically anno-
tated imaging databases may enable the application of machine
learning/artificial intelligence techniques to enhance our ability
to detect/quantify internal PN, characterize MPNST in the
background of PN, and assess treatment response for patients
undergoing systemic therapies with greater accuracy and effi-
ciency. In order to build such databases, compare imaging studies
across sites, and perform robust clinical trials, it will be important
to standardize imaging protocols. Imaging for PNST should

include a fluid-sensitive MRI sequence such as STIR sequences
to afford optimal visualization of PNSTs.8
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