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Abstract: Neurofibromatosis type 1 (NF1) is an incurable genetic condition that frequently 
includes the development of plexiform neurofibromas (PNs) in patients. A systematic litera-
ture review was conducted to identify data on the natural history, disease burden, and 
treatment patterns among patients diagnosed with NF1 and PN, as well as to identify 
evidence gaps in these areas. MEDLINE and MEDLINE In-Process, Embase, and 
Cochrane Library Searches were searched using predefined terms. Potential references 
underwent two phases of screening by two independent researchers. A total of 39 references 
focusing on populations of patients with both NF1 and PN were included in this review. The 
wide range of PN-related complications creates a substantial quality-of-life (QOL) burden 
for patients, including pain, social functioning, physical function impact, stigma, and emo-
tional distress. The severe burden of NF1 with PN on the QOL of patients demonstrates the 
high unmet need for an effective treatment option that can reduce tumor burden and improve 
QOL. The heterogeneity of measurement tools used to evaluate QOL and the gap in data 
evaluating the health economic burden of PN should be the focus of future research. 
Keywords: neurofibromatosis type 1, plexiform neurofibromas, quality of life, natural 
history, review

Introduction
Neurofibromatosis type 1 (NF1) is an incurable genetic condition that affects 1 in 
3000 newborns worldwide.1 Neurofibromatosis type 1 is caused by a germline NF1 
tumor suppressor pathogenic or likely pathogenic variant.2–4 The severity of signs 
and symptoms associated with NF1 can be highly variable and may include wide-
spread manifestations across different body systems.1 Diagnostic criteria include 
the presence of at least six café-au-lait macules, optic pathway gliomas, or bony 
dysplasia.5,6 Patients with NF1 develop malignant gliomas and neurofibromas in 
addition to behavioral, cognitive, motor, and pigmentary abnormalities.4

Plexiform neurofibromas (PNs) are benign tumors of peripheral nerves that are 
distinguished by a plexiform growth pattern.7 Based on the National 
Neurofibromatosis Foundation International Database that collects information on 
NF1, approximately 20% of children aged 0–19 develop PNs.8 Plexiform neurofi-
bromas cause significant morbidity because they are diffuse, grow alongside nerves, 
and may involve multiple nerve branches and plexi. The growth rate of PNs is 
unpredictable and there may be periods of rapid growth, followed by periods of 
relative inactivity.6 Common complications of NF1 with PN include pain, difficulty 

Correspondence: Xiaoqin Yang  
Merck & Co., Inc., Center for 
Observational and Real-World Evidence 
(CORE), 126 E. Lincoln Ave., RY33-216, 
Rahway, NJ, 07065, USA  
Tel +1 732 594 7587  
Email xiaoqin.yang@merck.com

Adolescent Health, Medicine and Therapeutics 2021:12 55–66                                               55
© 2021 Copley-Merriman et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress. 
com/terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By 

accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly 
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Adolescent Health, Medicine and Therapeutics                                     Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 23 January 2021
Accepted: 21 April 2021
Published: 19 May 2021

A
do

le
sc

en
t H

ea
lth

, M
ed

ic
in

e 
an

d 
T

he
ra

pe
ut

ic
s 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:xiaoqin.yang@merck.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


with motor functioning, and motor deficit or weakness.9,10 

Rare PN-related comorbidities include vision reduction, 
bowel and bladder dysfunction, and obstructive sleep 
apnea.11 Potentially life-threatening complications asso-
ciated with PNs include their transformation to malignant 
peripheral nerve sheath tumors (MPNSTs)12 and airway or 
spinal cord compression.13 Patients with NF1 have an 8% 
to 13% cumulative lifetime risk of developing MPNSTs. 
Malignant peripheral nerve sheath tumors are aggressive, 
deadly tumors that have a high rate of metastases with 
a survival typically less than five years. More than 80% of 
patients presenting with an MPNST had a coexisting or 
preexisting benign neurofibroma, which suggests that 
benign PNs can transform into MPNSTs.4 Some patients 
undergo surgical resection in an attempt to remove or 
reduce tumor volume. In many patients, complete resec-
tion may be impossible without causing significant 
damage because of encasement of vital structures, inva-
siveness, or extensiveness of tumor growth.14 In addition, 
the outcomes from surgery are questionable, as tumors 
may regrow following resection.15 Effective drug therapies 
are not widely available, although the mitogen-activated 
protein kinase (MEK) 1/2 inhibitor treatment selumetinib 
recently has been approved by the Food and Drug 
Administration (FDA) for the treatment of pediatric 
patients 2 years of age and older with NF1 who have 
symptomatic, inoperable PN.16

A systematic literature review (SLR) was conducted to 
identify data on the natural history, disease burden, and 
treatment patterns among patients diagnosed with NF1 
with PN, as well as to identify evidence gaps in these 
areas.

Materials and Methods
This SLR was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses guidelines.17 MEDLINE and MEDLINE In- 
Process (using the PubMed platform), Embase (using the 
Dialog Platform), and the Cochrane Library were searched 
using predefined terms (Tables S1-S5, Supplementary 
Material) for publications in English. Articles related to 
health care resource use and costs, practice patterns and 
guidelines, and treatments were restricted to publication 
dates ranging from January 1, 2009, to May 31, 2019. 
Articles related to identification of disease overview infor-
mation were restricted to publication dates ranging from 
January 1, 2014, to May 31, 2019, to identify the most 
recent and relevant information on this topic. A search was 

conducted for key patient registries and associations. 
Conference proceedings from the American Society of 
Clinical Oncology and the European Society for Medical 
Oncology were included in the database searches and 
followed the same restrictions. Reference lists of relevant 
SLRs also were searched for further studies of interest 
with no time frame restriction on publication dates. 
Criteria for study inclusion are presented in Table 1. An 
assessment of study quality was not conducted due to the 
types of studies that were included.

Results
The search strategy identified 952 unique articles and 
conference abstracts. These references underwent two 
phases of screening by two independent researchers 
(Figure 1). A total of 13 of these 952 references were 
selected for inclusion, and an additional 26 references 
were identified via a review of the reference lists of 
SLRs (17 references), conference searches (5 references), 
and desktop research (4 references). A total of 39 refer-
ences, focusing on populations of patients with both NF1 
and PN, were included in this review.

Prevalence and Incidence
The birth incidence of NF1 in Europe is 1 in 2500–3000, 
while the prevalence is 1 in 3000–5000.18–20 An older 
study estimated that 20% of patients (n = 1728) in an 
international NF1 disease registry with NF1 had PN;8 

however, this is likely an underestimate because of the 
lack of advanced imaging tools that might be necessary 
to detect PNs that are internal, benign, or 
asymptomatic.21,22 Mautner et al21 and Nguyen et al22 

conducted studies in Germany, using whole-body mag-
netic resonance imaging (WBMRI) to determine the fre-
quency of PNs in patient with NF1. Mautner et al21 

observed 56% (22/39) of patients (median age: 30.5 
years) with NF1 had PNs, while Nguyen et al22 found 
57% (37/65) of children (median age: 11.5 years) with 
NF1 had PNs. This apparent increase could be due to 
improved technology for detection of internal PNs.

Natural History
Characterization of Plexiform Neurofibromas in 
Neurofibromatosis Type 1
A medical record review of 520 patients with NF1 and PN 
in the United States (US) found that 58% of patients with 
NF1 and PN were male and 80.5% of these patients were 
white.12 The study did not provide further data explaining 
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the demographic composition. The median age of patients 
in this study who received a diagnosis of NF1 with PN 
was 5.5 years (range: 0–18 years). The age at 

symptomatic PN identification had a bimodal distribution, 
with most identifications occurring during early childhood 
(birth-3 years) and adolescence (11–18 years). 
Symptomatic PNs were most often found in the head 
and neck, followed by the extremities and the trunk. The 
majority of symptomatic PNs found in the head and 
extremities were recognized before patients were 6 years 
of age. Symptomatic mediastinal PNs were rare and only 
recognized during infancy. Patients in this study with 
more than four tumors were more likely to receive 
a diagnosis before age 3 years.

Plexiform neurofibromas can grow invasively out from 
and alongside the nerve with resulting complications of 
disfiguring lesions, erosion of bone, and displacement to 
organs.4 Additionally, there may be an inverse relationship 
between tumor volume and height (ie, greater tumor 
volume is associated with shorter height).23 

A prospective study conducted in Germany between 
2003 and 2009 in 65 children with PNs found that the 
ratio of symptomatic to asymptomatic PNs varied across 
body regions and that symptomatic PNs were significantly 
larger than asymptomatic ones.22 However, in this study, 
symptomatic or asymptomatic PNs appeared more closely 
aligned with specific regions of the body than with the size 
of the PN. For example, all PNs on the arms were sympto-
matic and all PNs on the abdomen were asymptomatic. 
Most PNs in the thorax and paravertebral regions and the 
legs were asymptomatic, and most PNs on the head/neck 
were symptomatic.

Plexiform Neurofibromas Complications or 
Manifestations
A retrospective review of 150 patients with 159 PNs 
treated in a United Kingdom neurofibromatosis clinic in 
2017–2018 found a broad range of complications.24 

Baseline complications of patients included pain (35%), 
disfigurement (30%), growth (13%), neurological deficit 
(13%), and hemorrhage (6%). Of the patients with symp-
tomatic PNs, 26% were referred for debulking surgery and 
9% had biopsy only. Four new MPNSTs were observed in 
the patient population.

Kim et al13 evaluated the pre-enrollment characteristics 
of pediatric patients with NF1 and PN who enrolled in early 
phase investigational drug treatment trials at the National 
Institutes of Health Clinical Center between August 1996 
and July 2007, to characterize PN disease burden and asso-
ciated complications in these patients. The 59 enrolled 
patients had PNs that were large, centrally located, and 

Table 1 Criteria for Study Inclusion

Inclusion Criteria

Populations Patients with NF1 with PN
Patients with NF1 without PN

Outcomes Disease overview
Demographics

Clinical characteristics
Disease progression/natural history

Disease complications
Impact on patient functioning and health-related quality 

of life

Mortality/survival
Treatment
Practice patterns/treatment patterns

Medications
Surgery

Resource-use estimates
Drug utilization
Outpatient and emergency department visits

Imaging costs (eg, MRI, CT, PET)

Number of hospitalizations and length of stay
Management of drug-related adverse events

Direct costs
Medication costs
Outpatient visit costs

Hospitalization costs

Emergency department visits
Laboratory costs

Diagnostic costs

Physician costs
Costs of managing drug-related adverse events

Indirect or other costs of interest, including the 
following
Productivity loss of patient (wages lost from absences)

Out-of-pocket expenses

Travel costs for patient
Caregiver burden

Time The database searches will be performed for the past 
10 years, except for disease overview, which will be for 

the past 5 years

Study 

design

Prospective (including clinical trials), retrospective, 

cross-sectional, or other studies
Systematic literature reviews

Other Electronic database searches will be limited to articles 
published in the English language

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; 
NF1, neurofibromatosis type 1; PET, positron emission tomography; PN, plexiform 
neurofibroma.
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unresectable. The patients had a number of manifestations of 
NF1 with PN, including pain (53%), cognitive deficits 
(51%), skeletal complications (39%), history of other tumors 
(18%), and hypertension (8%). Some patients had a PN 
associated with a potentially life-threatening complication, 
such as airway compression (4/59 or 7%) or spinal cord 
compression (14/59 or 24%), major physical deformity (43/ 
59 or 73%), or loss of function (27/59 or 46%). Caution 
should be used in generalizing these manifestations or com-
plications to all children with NF1 and PN, as they repre-
sented a clinical trial population.

Airway compression and spontaneous bleeding are 
lethal complications of NF1 with PN.12 A medical record 
review conducted at the Neurofibromatosis Center at 
Cincinnati Children’s Hospital between 1997 and 2007 in 

520 patients with NF1 and symptomatic PN assessed clin-
ical characteristics and the disease impact on mortality.12 

Malignant peripheral nerve sheath tumors were associated 
with a known symptomatic PN in all cases. Patients with 
NF1 and symptomatic PN had a higher mortality rate (5/ 
154 or 3.2%) than patients with NF1 without PN or with 
asymptomatic PN (2/366 or 0.5%; P = 0.024). In the study, 
MPNSTs were the cause of death in 3 of 154 patients with 
symptomatic PNs. Reasons for mortality in patients with 
asymptomatic PNs included airway compression in one 
pediatric patient (age 3 years) and hypovolemic shock 
from a large hemothorax in an 18 year old.

Plexiform Neurofibromas Growth
Dombi et al25 conducted a longitudinal study in the US to 
analyze changes in PN volume in relation to age and body 

Figure 1 PRISMA diagram. 
Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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growth in children and young adults with NF1 and inoper-
able, symptomatic, or progressive PNs, using a sensitive, 
automated method of volumetric magnetic resonance ima-
ging (MRI) analysis (Table 1,Table 2). The 49 included 
patients were aged 25 years and younger (median age: 8.3 
years) and had entered into a natural history study or were 
in treatment trials and had volumetric MRI over ≥16 
months. A total of 69% of patients experienced an increase 
of more than 20% of PN volume during the median 34- 
month observation period (range: 18–70 months). The PN 
volume increased more rapidly than body weight over time 
(P = 0.026). There was no relationship noted between the 
PN growth rate and the site of the PN or the volume of the 
PN at baseline.

Nguyen et al26 conducted a retrospective study in 
Germany to assess internal PNs by using volumetric 
WBMRI in 171 unselected patients of various ages with 
NF1 who were followed for tumor growth over a median 
of 2.2 years. A total of 71 of the 171 patients (41.5%) had 
internal PNs. The median growth rate in whole-body 
tumor burden attributable to internal PNs, expressed as 
a percentage of the total volume of tumors measured in 
the patient on first examination, was 3.7% per year, with 
a range of –13.4% to 111.1% per year. This growth rate of 
3.7% per year correlated with larger whole-body tumor 
volume (P < 0.001) and younger age (P = 0.004). A total 
of 27 of the 200 individual tumors (13.5%) that were 
followed longitudinally by MRI increased in size by 
more than 20% per year, on average. The majority of 
these tumors (19/27) were found in pediatric patients 
(<18 years old) and represented 29% (19/66) of the tumors 
found in the pediatric age group.

A retrospective review11 of patients enrolled in the 
National Cancer Institute Natural History Study of 
Patients with Neurofibromatosis Type 1 (NCT00924196) 
used volumetric MRI analysis to evaluate 57 PNs in 41 
patients with a median age of 8 years (range: 3–25 years). 
Of the 57 PNs, 49 (86%) had a more than a 20% increase 
in tumor volume from baseline to maximum assessment. 
There was a median 108.9% change in PN volume 
between baseline and maximum assessment and an 
observed 15.9% per year median growth rate. Young 
patients (3–5 years) had a median PN growth rate of 
35.1% per year compared with 13.1% per year for patients 
aged 11–25 years. Gross et al11 also found that rapid 
growth appeared to be associated with increased pain. 
Patients with NF1 and PN who reported increased use of 
pain medication experienced 21% growth in PNs per year, 

while those with NF1 and PN who did not report increased 
use of pain medication experienced only 13% growth in 
PNs per year.

Tucker et al27 characterized the growth of PNs using 
serial MRIs for 44 tumors in 34 patients (19 males and 15 
females) with NF1 between 1990 and 2006 in Hamburg, 
Germany. The mean age at first examination was 17.3 
years (standard deviation: 12.2; range: 1–45) for males 
and 13.5 years (standard deviation: 13.0; range: 1–47) 
for females. Follow-up was a median 6.0 years with 
a mean 3.0-year interval between scans. Of the 14 sympto-
matic PNs, four were superficial and displacing, three were 
superficial and invasive, two were deep and displacing, 
and five were deep and invasive. Superficial tumors grew 
significantly more quickly than deep tumors (P = 0.034). 
The growth rate of tumors in patients younger than 10 
years at initial examination (0.7 cm2/year) was signifi-
cantly greater than that of tumors in patients older than 
10 years at initial examination (0.03 cm2/year; P = 0.014). 
Only 7 (30%) of the 23 PNs identified in the 18 patients 
aged younger than 10 years were symptomatic, which 
included 4 of 9 (44%) rapidly progressing tumors. This 
observation suggests that each tumor should be followed 
separately and that one tumor cannot be used to represent 
the growth rate of all tumors in an individual.

Dagalakis et al28 evaluated the relationship between 
pubertal progression and change in PN burden over time 
in pediatric and young adult patients with NF1 and PN in 
a retrospective study using data from the National Cancer 
Institute NF1 Natural History Study. Patients were divided 
into two groups, based on whether they were actively 
progressing through puberty (n = 16) or were peripubertal 
(n = 25) and followed for an average of 20 months. There 
were no statistically significant differences in tumor bur-
den change over time between the groups (P = 0.31) or in 
peripubertal and pubertal PN growth rates (P = 0.90). 
These findings indicate that PN growth proceeds at 
a similar pace before, during, and after puberty.

Disease Burden
Quality-of-Life Burden
Four studies reviewed the quality of life (QOL) of persons 
with NF1 with PN in the US using the Patient-Reported 
Outcomes Measurement Information System (PROMIS) 
module, the eight-item Quality of Life in Neurological 
Disorders (Neuro-QOL), the Impact of Pediatric Illness 
Scale, the Numeric Rating Scale, the Brief Pain 
Inventory Pain Interference Scale, or the NF1 Pediatric 
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Table 2 Summaries of Plexiform Neurofibromas Growth

Reference Study Details Population Follow-Up 
Period

Key Findings

Dombi 

et al25

US longitudinal study to analyze changes in 

PN volume in relation to age and body 

growth in children and young adults with 
NF1 and inoperable, symptomatic, or 

progressive PNs, using a sensitive, 

automated method of volumetric MRI 
analysis

N = 49 

Median age: 8.3 

years

Median: 34 

months

● Included patients had a total of 61 PNs
● 69% of patients experienced an increase 

of ≥20% of PN volume
● PN volume increased more rapidly than 

body weight over time (P = 0.026)
● Younger patients had the most rapid PN 

growth rate

Nguyen 
et al26

German retrospective study to assess 
internal PNs using volumetric WBMRI

N = 171 
Median age: 28.6 

years

Median 2.2 
years

● 71 of the 171 included patients had a total 
of 200 PNs

● Median growth rate in whole-body tumor 

volume was 3.7% per year
● This growth rate correlated with larger 

whole-body tumor volume (P < 0.001) 

and younger age (P = 0.004)
● 13.5% of individual tumors increased in 

size by >20% per year, on average; these 

were significantly more frequent among 
children than among adults (P < 0.001)

● 70% of these tumors were found in pedia-

tric patients, representing 29% of tumors 
found in the pediatric age group

● 30% of these tumors were found in those 

aged >18 years, representing 6.0% of 
tumors found in this age group

Gross 
et al11

Retrospective review of patients enrolled in 
the National Cancer Institute Natural 

History Study of Patients with 

Neurofibromatosis Type 1 (NCT00924196) 
using volumetric MRI analysis

N = 41 
Median age: 8 years

At least 
yearly until 

age 18, then 

every 1–3 
years

● Included patients had a total of 57 PNs
● 86% of PNs had >20% increase in tumor 

volume from baseline to maximum 

assessment
● Median 108.9% change in PN volume 

between baseline and maximum 

assessment
● Observed 15.9% per year median PN 

growth rate
● Median PN growth rate was 35.1% per year 

in patients aged 3–5 years and 13.1% 
per year for patients aged 11–25 years

● Patients with NF1 and PN who reported 

increased use of pain medication experi-
enced 21% growth in PNs per year (vs 

13% growth in PNs per year in patients 

with NF1 and PN who did not report 
increased use of pain medication)

(Continued)
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Quality of Life Inventory (PedsQL) Scale (Table 3).29–32 

Lai et al29 developed a model to conceptualize the experi-
ence of patients with NF1 and PN using information from 
interviews conducted with 16 adults (≥18 years old) with 
NF1 and PN, 15 children and adolescents with NF1 and 
PN, and 17 parents of the children and adolescents with 
NF1 and PN. The conceptual framework identified five 
domains that represented the most important symptoms 
or concerns for patients with NF1 with PN: Pain, Social 
functioning, Physical function impact, Stigma, and 
Emotional distress. The most frequently reported concerns 
for patients across all age groups included pain, appear-
ance/disfigurement, social activity/role participation, 
stigma, and anxiety. The parents of patients were primarily 
concerned with physical functioning, followed by pain, 
social activity/role participation, appearance/disfigure-
ment, and social relationships. Although the types of iden-
tified concerns were similar across age groups, there was 
variability in the level of importance placed on different 

concerns. The knowledge and responsibility of disease 
management in adult patients was associated with an 
increase in anxiety. Stigma related to body image concerns 
also affected adolescent and adult patients more than 
pediatric patients.

A qualitative study used the pediatric PROMIS module 
and the eight-item Neuro-QOL to evaluate QOL in 140 
children with NF1 with PN.30 Children with NF1 and PN 
reported significantly worse scores than the population 
norms on all domains except fatigue and pain interference. 
Children with NF1 with PN who had at least one family 
member with a diagnosis of NF1 and those with pain 
reported significantly worse symptoms and functioning 
on all QOL domains. Male children also reported experi-
encing significantly worse symptoms (ie, pain interference, 
stigma, meaning and purpose, mobility function, and upper 
extremity function) than female children. The most impor-
tant concerns reported by parents regarding their children 
were sadness (29.5% always or often), physical health 

Table 2 (Continued). 

Reference Study Details Population Follow-Up 
Period

Key Findings

Tucker 

et al27

German study to characterize the growth of 

PNs in patients with NF1 between 1990 and 
2006 using serial MRIs

N = 34 

Mean age: 10 years

Median: 6.0 

years

● Included patients had a total of 44 PNs
● 14 PNs were symptomatic (4 were super-

ficial and displacing, 3 were superficial and 
invasive, 2 were deep and displacing, and 5 

were deep and invasive)
● Superficial tumors grew significantly more 

quickly than deep tumors (P = 0.034)
● The growth rate of tumors was signifi-

cantly greater in patients aged <10 years 
at initial examination than in patients aged 

>10 years at initial examination (0.7 cm2/ 

year vs 0.03 cm2/year; P = 0.014)
● 30% of the PNs identified in patients aged 

<10 years (n = 18) were symptomatic, 

which included 4 of 9 (44%) rapidly pro-
gressing tumors

Dagalakis 
et al28

Retrospective study using data from the 
National Cancer Institute NF1 Natural 

History Study to evaluate the relationship 

between pubertal progression and change in 
PN burden over time in pediatric and young 

adult patients with NF1 and PN

N = 41 
Actively progressing 

through puberty (n 

= 16); age range: 
7–20 years 

Peripubertal (n = 

25); age range: 6–11 
years and 17–33 

years

Mean: 20 
months

● The number of PNs was not stated
● No statistically significant differences in 

tumor burden change over time between 

the groups (P = 0.31)
● No statistically significant differences in 

peripubertal and pubertal PN growth 

rates (P = 0.90)

Abbreviations: MRI, magnetic resonance imaging; NF1, neurofibromatosis type 1; PN, plexiform neurofibroma; WBMRI, whole-body magnetic resonance imaging.
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(23.9% poor or fair), and trouble sleeping when the child 
had pain (23.5% often or almost always).

Rosser32 collected patient-reported outcomes prior to 
treatment in patients with NF1 and PN enrolled in clinical 
trials. Data on the impact of PN on daily functioning and 
QOL were collected from 38 adolescents and young adults 
using the Numeric Rating Scale, the Brief Pain Inventory 
Pain Interference Scale, and the NF1 PedsQL Scale. 
Patients reported experiencing considerable pain, with 
42% of patients taking pain medication regularly and 
23% of patients receiving prescription pain medication. 
Patients who were not regularly taking pain medication 
reported significantly worse tumor pain, pain interference, 
total functioning, worry, pain/hurt, and paresthesia than 

patients who were regularly taking pain medication. The 
burden of PN also affected employment; only 32% of 
patients with NF1 and PN were employed, despite the 
fact that 68% had completed high school or some college.

A prospective natural history study assessed the impact 
of pain interference and its relationship to disease factors, 
social-emotional functioning, and QOL in 41 children and 
adolescents aged 10 to 18 years with NF1 and PN, as well 
as 59 caregivers of children and adolescents aged 6 to 18 
years with NF1 and PN, using the Impact of Pediatric 
Illness Scale.31 Severity of NF1 symptoms were classified 
as mild, moderate, or severe by caregivers using the NF1 
Symptom Severity Scale, tumor characteristics, impact on 
motor function, and learning difficulties. Pain was found to 

Table 3 Summary of Quality of Life Burden Data

Reference Study Design Population PRO 
Instrument(s)

Key Findings

Lai et al29 Concept elicitation interviews to 

develop a conceptual model of 

NF1 with PN experience

Adults with NF1 

with PN (n=16) 

Children and 
adolescents with 

NF1 with PN 

(n=15) 
Parents of children 

with NF1 with PN 

(n=17)

None ● Five domains were identified: pain, social func-

tioning, physical function impact, stigma, and 

emotional distress

Lai et al30 Qualitative study Children with NF1 

with PN 
n =140

PROMIS; 

Neuro-QOL

● Children with NF1 with PN reported worse 

scores than population norms for all domains 
except fatigue and pain

● Boys reported significantly worse pain interfer-

ence, stigma, meaning and purpose, mobility 
function, and upper extremity function than girls

Rosser32 Prospective study of patients 
who enrolled in NF Clinical 

Trials Consortium PN treatment 

trials

Adolescents 
with NF1 with PN 

n=38

Numeric Rating 
Scale; 

Brief Pain 

Inventory; 
Pain Interference 

Scale; 

NF1 PedsQL Scale

● Patients reported considerable pain, with 42% of 

patients taking pain medication regularly
● Most affected QOL domains were physical func-

tioning, worry, pain/hurt, and fatigue

Wolters 

et al31

Prospective natural history study Children and 

adolescents with 
NF1 with PN 

n=41

Impact of Pediatric 

Illness Scale

● Pain was found to interfere with daily functioning 

in most youths, even when they used pain 

medication
● Total tumor volume and social-emotional pro-

blems predict pain interference, while disease 

complications, pain interference, and social- 
emotional problems predict overall QOL

Abbreviations: Neuro-QOL, Quality of Life in Neurological Disorders; NF1, neurofibromatosis type 1; PedsQL, Pediatric Quality of Life Inventory; PN, plexiform 
neurofibroma; PRO, patient-reported outcome; PROMIS, Patient-Reported Outcomes Measurement Information System; QOL, quality of life.
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interfere with daily functioning in most youths, even when 
they used pain medication. Caregivers of children aged 6 
to 18 years indicated that pain was interfering with their 
child’s daily activities to some degree. Caregiver ratings of 
their child’s pain interference were similar to patient self- 
reported ratings. When disease severity groups were com-
pared by proxy and by self-report, pain interference was 
significantly higher in youths who had moderate to severe 
NF1 compared with youths who had mild disease. Parents 
reported that 33% of all participants, including 27% of 
children and 36% of adolescents, were taking pain medi-
cation regularly. Despite taking pain medication regularly, 
93% of these adolescents and 100% of their caregivers 
rated pain as interfering with functioning at least to some 
degree. Based on caregiver ratings, more anxiety symp-
toms and larger tumor volumes predicted greater pain 
interference; caregiver ratings also indicated that greater 
pain interference, worse depressive symptoms, and more 
disease complications predicted poorer QOL. Based on 
adolescent ratings, more anxiety symptoms predicted 
greater pain interference; adolescent ratings also indicated 
that greater pain interference and social stress predicted 
poorer QOL. Pain interference in this sample of youths 
with NF1 and PN was not significantly affected by age, 
sex, socioeconomic status, or familial versus sporadic 
NF1. The impact of pain interference, disease severity, 
and social-emotional problems on QOL highlights the 
interaction between physical and psychological states in 
patients with NF1 and PN.

Health Economic Burden
Limited information was found regarding health care 
resource use and costs for patients with NF1 and PN, 
which indicates a large data gap in the literature. The 
only identified study assessed the medical needs of 
French patients with NF1 (n = 201; age range: 7–84 
years) and the financial cost of the resources used relative 
to disease severity.33 The most commonly reported reasons 
for hospitalization for these patients were excision of 
multiple PNs (n = 51), MPNSTs (n = 21), reconstructive 
surgery of PN (n = 9), and spinal compression (n = 6).

Treatment Patterns
Medical Management
Because NF1 with PN has many diverse manifestations, 
there is no standard of care. Once the diagnosis is con-
sidered, referral is made to any clinician skilled in NF1 for 
diagnostic confirmation; further disease management is 

based on the complications that develop in an individual 
patient. This review identified no studies that outlined 
treatment patterns and disease management, indicating 
another gap in the literature. Guidance provided by 
Ferner et al6 noted that it is essential to obtain expert 
advice from an experienced soft-tissue tumor or plastic 
surgeon before removing a PN. This guidance noted 
removal of a benign PN can be complex and has the 
potential for life-threatening hemorrhage, particularly 
with facial PN.

Phase 1 and 2 studies have been conducted to deter-
mine the extent to which several products (imatinib, sir-
olimus, tipifarnib, pirfenidone, peginterferon, trametinib, 
selumetinib, and cabozantinib) reduce tumor volume in 
patients with NF1 with PN; of these products, selumetinib 
appears to have the most promising efficacy and patient- 
reported outcomes data.9,34–41 Wolters42 observed that 
treatment with selumetinib for reduction of tumor volume 
was associated with clinically significant improvements in 
PN-related pain, as well as significant improvements in 
parent total QOL, physical domain, emotional domain, and 
social domain scores (each P < 0.01) and child physical 
domain scores (P < 0.05). Gross et al9 noted a mean 28% 
reduction in PN volume from baseline among 50 patients, 
aged 3.5 to 17.4 years, with inoperable PNs. These find-
ings indicate clear clinical benefits in the setting of PN 
volume reduction in children with NF1 and PN. For MEK 
inhibitors, phase 1 and 2 studies showed a partial response 
rate of 71% for selumetinib (17/24 patients),40 46% for 
trametinib (12/26 patients),39 and 42% for cabozantinib (8/ 
19 patients).41

Surgical Treatment
Five retrospective studies reported types of surgery and 
surgical outcomes for patients with NF1 and 
PN.12,14,15,43,44 Patients aged younger than 10 years who 
had lesions of the head, neck, face, and trunk were unli-
kely to have long-term benefits after surgery because the 
resection is often incomplete.15 For these patients, thera-
peutic options are needed that could either induce regres-
sion to render the surgically inoperable lesion completely 
resectable or arrest tumor growth to delay progression for 
the youngest patients until an age at which tumor recur-
rence may be less likely.15

In patients with NF1 and PN, many lesions are very 
vascular and significant bleeding can complicate surgical 
procedures. To minimize blood loss during tumor excision, 
vascular tourniquets are used in lesions located in the 
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distal part of extremities.14 Lesions located in the proximal 
part of the extremities and the trunk, where tourniquet 
application to prevent bleeding is not possible, represent 
a challenge for surgery, as many can be large, very vas-
cular, and have a tendency to infiltrate the proximal mus-
culature, even involving bone and filling the pelvic 
cavity.14 Postoperative progression of PN may not be sig-
nificantly different from the natural growth behavior of 
these tumors, suggesting that postoperative tumor growth 
could be unrelated to surgery.43 However, a retrospective 
review of 121 pediatric patients found that the extent of 
surgical resection, as well as tumor age and location, are 
all statistically significant predictors of recurrence.15 More 
specifically, a greater extent of surgical resection predicted 
both a lower risk of tumor progression and a longer inter-
val to progression (P < 0.0001). In addition, children aged 
10 years and younger had a shorter interval of tumor 
control following surgical resection than children aged 
older than 10 years (P = 0.0004). Tumors of the head, 
neck, and face were most likely to progress following 
resection, while tumors of the extremities were signifi-
cantly less likely to progress (P = 0.0003). In multivariate 
analysis, older age and tumor location in the extremities 
were predictors of a longer interval to progression.

Discussion
This SLR includes a total of 39 studies that met eligibility 
and described the impact of PN on patients with NF1 
during the patient journey from natural history to QOL 
burden and limited treatment options. The heterogeneous 
nature of PN creates a challenge for presenting a unified 
narrative of patients’ experience. Instead, the impact of 
this disease on patients should be considered individually. 
Symptomatic PN can generally be detected before the 
patient is 6 years old,12 but asymptomatic PN can go 
unnoticed without advanced imaging technology.21,22 

Patients with PN experience a wide range of 
complications,24 including the potential for PN to trans-
form into malignant tumors (eg, MPNSTs).4 These com-
plications cause a substantial burden on QOL for patients, 
including interference with daily functioning, reduction in 
social activity, increased anxiety, and decreased 
mobility.29–31 There are limited options for managing 
NF1 with PN. Surgical removal of PN is difficult, with 
the potential for life-threatening hemorrhage.6 In addition, 
children with PN located on the trunk or face are unlikely 
to have complete resections, thus minimizing the benefit 
from surgery.15 The detrimental impact of PN on QOL 

combined with the current lack of effective surgical 
options highlight the need for effective drug therapies 
that can reduce the size of tumors. However, the approval 
of selumetinib by the FDA in April 2020 for the treatment 
of pediatric patients 2 years of age and older with NF1 
who have symptomatic, inoperable PN suggests that the 
treatment landscape may be changing.16

This SLR identified a substantial gap in the assessment of 
the economic burden posed by NF1 with PN. Only one study 
evaluated the cost of PN,33 and that study was performed as 
part of a broader assessment of resource use among patients 
with NF1. One factor contributing to the gap in economic 
assessments may be the lack of tools for specifically assessing 
the financial burdens of PN. Future research could develop 
conceptual models or frameworks to detail the impact on 
patients and health care systems, which then could inform 
the choice of tools used to quantify the extent of the burden.

Conversely, there were a variety of different tools used 
to assess QOL burden without a recommended standard, 
including the PROMIS module, the eight-item Neuro- 
QOL, the Impact of Pediatric Illness Scale, the Numeric 
Rating Scale, the Brief Pain Inventory Pain Interference 
Scale, and the NF1 PedsQL Scale.29–32 The large number 
of measures used in the literature to assess the highly 
variable QOL burden of PN reflect the heterogeneity of 
this disease and the unmet need for treatment.

There were limitations associated with this study. We did 
not assess study quality for included articles due to the 
nature of the study designs. Additionally, the synthesis of 
information in a review is limited by the available data in 
published journal articles. Several studies did not specify the 
population of patients with NF1 and PNs, so these patients 
could have been overlooked for the purposes of this SLR.

Conclusions
This SLR provides data on the natural history, disease bur-
den, and treatment patterns among patients diagnosed with 
NF1 with PN. The severe burden of this disease on the QOL 
of patients demonstrates the high unmet need for an effective 
treatment option that can reduce tumor burden and improve 
QOL. The heterogeneity of measurement tools used to eval-
uate QOL and the gap in data evaluating the health eco-
nomic burden of PN should be the focus of future research.
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