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ABSTRACT

Introduction: Plexiform neurofibromas (PN)
are benign nerve sheath tumours that are a
frequent and potentially debilitating complica-
tion in patients with neurofibromatosis type 1
(NF1). The objective of this study was to
describe the natural history of PN in children,
adolescents and adults with NF1.
Methods: This was a nationwide, longitudinal
cohort study of patients with NF1 under obser-
vation at the two national centres of NF1

expertise in Denmark between 2000 and 2020.
Patient and clinical characteristics were docu-
mented from individual medical records.
Results: A total of 1099 patients with NF1 were
included. Overall, 12% (35/296) of paediatric
patients and 21% (172/803) of adult patients
had C 1 large PN (C 3 cm). Approximately half
of patients with a large PN had C 1 symp-
tomatic PN. The most frequent symptoms were
pain, neurological deficits, cosmetic issues, dis-
figurement, compression, increased psychoso-
cial burden and vision loss. Clinical evaluations
of PN size were available for 40 PN in 34 pae-
diatric patients and 191 PN in 159 adult patients
with large PN. Surgery (complete resection or
debulking) was performed in 38% (15/40) of PN
in paediatric patients and 45% (86/191) in adult
patients. In addition, 35% of PN in paediatric
patients and 33% in adult patients were inop-
erable. In a subgroup analysis, the overall PN
size increased 1.06-fold per year. Malignant
peripheral nerve sheath tumours (MPNST) were
diagnosed in 21 patients (two paediatric and 19
adult patients).
Conclusions: This study shows that PN are
common, their size and prevalence increase
with age, many are often inoperable and pain
and other symptoms are frequently associated.
The results highlight the severe sequelae and
unmet need for alternatives to analgesia and
surgery in patients with PN.
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Key Summary Points

Real-world studies of the disease burden of
patients with neurofibromatosis type 1
(NF1) and plexiform neurofibromas (PN)
are limited and data on the natural history
of the disease are scarce; therefore, there is
a pressing need to better understand the
impact of PN in patients with NF1.

This comprehensive database study
showed that PN are common amongst
patients with NF1 and that their size and
prevalence increase with age.

Moreover, many PN were associated with
pain and other symptoms, with
approximately one third deemed
inoperable—with surgery as a standard
treatment option for PN, these data
highlight the unmet need for alternatives
to surgery and symptom management
with analgesics for these patients.

In light of this, further natural history
studies in NF1-PN are clearly warranted.

INTRODUCTION

Neurofibromatosis type 1 (NF1) is an autosomal
dominant genetic disorder involving the NF1
gene and can lead to a dysregulation of RAS
activity [1]. With a prevalence of one case per
3000–6000 individuals (birth incidence
approximately one per 2500–3333) worldwide,
NF1 is relatively common compared with other
rare diseases [2–5]. Patients with NF1 have
impaired health-related quality of life (QoL), are
at an increased risk of cancer and have lower life
expectancy when compared with the general
population [3, 6–9].

Plexiform neurofibromas (PN) are benign
nerve sheath tumours that grow along the
length of a nerve and are a frequent and
potentially debilitating complication in
patients with NF1 [10, 11]. It is estimated that
approximately 30–50% of patients with NF1
develop PN [1, 12, 13]. Until recently, surgery
has been the only standard therapy for patients
with NF1 and PN [4, 10, 11]; however, full sur-
gical resection of PN is often challenging due to
their invasive nature, location and size
[4, 10, 11, 14]. Moreover, PN frequently re-grow
after surgical removal and may also transform
into malignant peripheral nerve sheath
tumours (MPNST) [10, 14, 15]. MPNSTs typi-
cally occur at a younger age in patients with
NF1 compared with the general population and
are associated with a poorer prognosis [15, 16].
The cumulative lifetime risk for MPNST is
8–13% in patients with NF1 [16].

Real-world studies of the disease burden of
patients with NF1 and PN are limited. More-
over, data on the natural history of these
patients are scarce and there is a need to better
understand the impact of PN in patients with
NF1 [14, 17, 18]. Denmark is a country with a
population of approximately 5.8 million, where
all residents have equal access to publicly
financed healthcare. Follow-up of NF1 patients
is centralised at two national NF1 expert cen-
tres: The Centre for Rare Diseases at Aarhus
University Hospital (CRD-AUH) and at
Rigshospitalet Copenhagen (CRD-CPH).

The primary objectives of this study were to
identify and describe the demographics, clinical
characteristics, treatment patterns and natural
history of large PN in children, adolescents and
adults with NF1 in Denmark. Further explora-
tory objectives were to describe symptoms, PN
size, surgery including inoperable PN and minor
debulking, PN growth, cumulative incidence of
PN and MPNST, with a focus on patients with
large PN.
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METHODS

Study Design and Patients

This nationwide, longitudinal cohort study
involved a review of the medical charts of all
Danish patients with NF1, with or without PN,
who were under observation at the two national
centres of NF1 expertise (CRD-AUH and CRD-
CPH). All patients with NF1 in Denmark,
regardless of disease severity or socioeconomic
status, are offered the opportunity to be fol-
lowed-up throughout their lifetime at these two
centres.

Data were collected and managed using the
Research Electronic Data Capture (REDCap) tool
hosted by the Department of Clinical Medicine,
Aarhus University. REDCap is a web-based
platform designed for safe handling of data
captured for research and has automated data

export functions [19, 20]. Patients were inclu-
ded if they had a confirmed clinical diagnosis of
NF1, according to their electronic medical
record, and were followed-up between 1 January
2000 and 1 July 2020. Baseline characteristics
and National Institutes of Health (NIH) diag-
nostic criteria were collected for all patients. In
addition, data on PN symptoms, pain medica-
tion, PN treatment and functional impairment
were collected. Inoperable PN were defined as
PN where surgical intervention was not possible
or could not be fully resected; hence minor
debulking surgery could be performed.

Patients were categorised as to their follow-
up status (active or closed [patients who had no
follow-up visit in the previous 5 years, had died
and/or transferred or emigrated elsewhere]) at
the cut-off date (1 July 2020) and as paediatric
patients aged B 17 years or as adult patients
aged C 18 years. Patients were further stratified

Fig. 1 Symptoms in patients with large PN. Included
patients with active and closed (who had no follow-up visit
in 5 years, died and/or transferred or emigrated elsewhere)
records at data cut-off; data were available for 31 of 35
paediatric patients and 132 of 172 adult patients with large
PN; patients may have reported[ 1 symptom and
therefore values will not add to 100%. PN plexiform

neurofibromas. aIncludes compression of the bladder,
intestine, trachea, nerve and other. bAs per physician’s
evaluation. cSelf-reported patient burden noted in the
medical records included stress due to pain, functional
disability, potential future health burden, family and
relationship burden and cosmetic burden

Oncol Ther (2023) 11:97–110 101



Table 2 Clinical characteristics of large PN

Characteristics of
PN

Paediatric
patients with
large PN
(n = 34)

Adult patients
with large PN
(n = 159)

PN, n 40 191

Location at diagnosis, n (%)

Trunk 12 (30) 50 (26)

Leg 9 (23) 56 (29)

Head/neck 7 (18) 47 (25)

Arm 7 (18) 20 (11)

Pelvis 4 (10) 16 (8)

Paravertebral 4 (10) 13 (7)

Abdomen 2 (5) 11 (6)

Thorax 1 (3) 5 (3)

Superficial PN diameter, mean ± SD (range), cm

Initial

radiological

evaluation

n = 27

4.5 ± 2.5

(0.5–10.0)

n = 100

6.4 ± 5.0

(1.0–40.0)

Follow-up

radiological

evaluation

n = 24

7.4 ± 4.9

(3–20)

n = 84

8.5 ± 5.6

(3–30)

Internal PN diameter, mean ± SD (range), cm

Initial

radiological

evaluation

n = 15

6.3 ± 3.1

(2.5–14.5)

n = 32

8.7 ± 3.6

(3.4–16.0)

Follow-up

radiological

evaluation

n = 14

7.7 ± 4.2

(2.5–14.5)

n = 25

9.0 ± 3.8

(3.4–16.0)

Includes patients in the NF1 cohort with active and closed
records at data cut-off
NF1 neurofibromatosis type 1, PN plexiform neurofi-
broma, SD standard deviation

Table 3 Surgical interventions in patients with large PN

Requirement for
surgery

Paediatric
patients with
large PN
(n = 34)

Adult
patients with
large PN
(n = 159)

PN, n 40 191

PN that underwent

surgery, n (%)

15 (38) 86 (45)

PN with no surgery in

the medical record,

n (%)

25 (62) 105 (55)

Surgeries per patient, n (%)

1 9 (69) 36 (49)

2 2 (15) 19 (26)

3 0 9 (12)

4 2 (15) 1 (1)

C 5 0 1 (1)b

Surgeries per PN, n (%)

1 12 (80) 54 (63)

2 1 (7) 15 (17)

3 1 (7) 9 (11)

4 1 (7) 1 (1)

C 5 0 4 (5)

Unknown 0 3 (4)

Type of surgery per PN, n/N (%)

Full resection 7/15 (47) 34/86 (40)

Debulking 8/15 (53) 52/86 (60)

Inoperable PN, n/N (%)a

Minor debulking 6/14 (43) 35/62 (56)

No surgery 8/14 (57) 27/62 (44)

Includes patients in the NF1 cohort with active and closed
records at data cut-off
NF1 neurofibromatosis type 1, PN plexiform
neurofibroma
aSurgical intervention not possible or the PN was not fully
resectable and minor debulking may be performed
bOne patient had 15 surgeries for one PN
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into three cohorts by PN size: no PN, small PN
(\3 cm) and large PN (C 3 cm). Additional data
on NF1 characteristics and clinical and imaging
data in patients with large PN were collected,
where available. In Denmark, regular imaging of
PN is not performed; imaging is performed for a
clinical indication, such as uncertainty of diag-
nosis (PN or not), growth, discomfort, as well as
pre-surgical. Since the primary objective of the
study was to investigate patients with large PN,
data specific to small PN were not collected.

Tumour Growth Analysis

Tumour growth was analysed in a subset of
patients with large PN followed-up at CRD-AUH
on whom a minimum of two magnetic reso-
nance imaging (MRI) scans had been performed
during follow-up. Patients who had undergone
surgery or experienced malignant transforma-
tion were censored at the date of surgery.

PN were measured using available MRI
sequences (i.e. measurements were not limited
to a particular target PN). Baseline and follow-
up examinations were compared to ensure that
the scans covered the same anatomic region.
Since this was a retrospective study, all available
MRI sequences containing a PN were used. In
principle, only PN located deep within the
muscle fascia were measured; however, if a PN
extended into the subcutaneous tissue, it was
considered to be one entity and the subcuta-
neous portion was included in volume mea-
surements. Isolated superficial subcutaneous PN
were not measured. The volume of PN was
measured quantitatively using Multi-Modality
Tumor Tracking (MMTT, Philips Healthcare,
Intellispace Portal, Koninklijke Philips N.V.,
Amsterdam, Netherlands). The program uses
signal thresholding and contour recognition. A
detailed description of the methodology used to
measure PN volume can be found in the elec-
tronic supplementary material.

Data Analysis

The data are presented using descriptive statis-
tics, such as counts and proportions for cate-
gorical variables and medians and ranges for

continuous variables. All analyses were per-
formed separately on paediatric and adult
patients. A test for two proportions was used to
compare the distribution of baseline character-
istics, such as sex and the binary outcome
presence of PN (present or absent).

Tumour growth was analysed in patients
with at least two measurements using a mixed
model, taking into account multiple PN per
patient and repeated measurements per PN as
random effects. The time between measurement
and the time of PN diagnosis (referred to as time
since diagnosis) were included as random
coefficients. The number of PN, time since
diagnosis and the interaction between these
two factors were included as fixed effects. The
estimates were further adjusted using age and
sex as covariates.

The study was approved by the ethics com-
mittee of the Central Denmark Region (journal
no. 1-45-70-3-20, obtained on 18 August 2020).

RESULTS

Total Cohort – Baseline Characteristics
and PN

The study identified 1099 patients with NF1 at
the data cut-off (1 July 2020), including 989
patients with active records and 110 with closed
records (see Fig. S3 in the electronic supple-
mentary material). Of these, 1046 were alive
and on this basis, the rate of NF1 in Denmark is
estimated at one case per 5500 individuals in
2020.

Of the 989 patients with active records at the
data cut-off, 278 were paediatric patients and
711 were adult patients. The median age was
11.1 (range 1.7–17.9) years for paediatric
patients and 35.6 (range 18.0–91.7) years for
adults, and 50% of paediatric patients (n = 139)
and 57% of adults (n = 404) were female.

A total of 106 of 278 (38%) paediatric
patients and 461 of 711 (65%) adult patients
had at least one PN. The median follow-up time
for paediatric patients (n = 106) was 9.5 years
(range 1.6–16.5) and for adults (n = 461)
12.7 years (range 0.6–33.0) The baseline char-
acteristics of these individuals are presented in

Oncol Ther (2023) 11:97–110 103



Table 1 according to PN size. Among all paedi-
atric patients, 12% (32/278) had large PN
(C 3 cm), 27% (74/278) had small PN (\3 cm)
and 62% (172/278) had no known PN, and
among all adult patients, 21% (151/711) had
large PN (C 3 cm), 44% (310/711) had small PN
(\3 cm) and 35% (250/711) had no known PN.

Of the 110 patients with closed records
prior to the cut-off date, 18 were paediatric
patients and 92 were adult patients. Of these,
22% (24/110) had large PN (C 3 cm), 34% (37/
110) had small PN (\3 cm) and 45% (49/110)
had no known PN. Among patients with large
PN, three were paediatric patients and 21 were
adult patients. Baseline characteristics and
reason for closure of records of patients who
had closed records at data cut-off are presented
in Table S1 in the electronic supplementary
material.

Large PN Cohort

Overall, including patients with both active and
closed records, a total of 12% (35/296) of the
paediatric patients and 21% (172/803) of the
adult patients had at least one large PN. Large
PN was defined as C 3 cm either on clinical
description or measurement by the physician,
or on radiological evaluation (in some PN both
were reported measures).

Symptoms
Among all patients with at least one large PN at
their most recent examination (active and
closed records), information on symptoms was
noted in the records for 31 of 35 paediatric
patients and 132 of 172 adult patients.
Approximately half of the paediatric (n = 16,
52%) and adult patients (n = 69, 52%) had at
least one symptomatic large PN. Pain was the

Fig. 2 Tumour growth over time by attained age (years) in 22 patients with large plexiform neurofibromas (C 3 cm)
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most frequently documented symptom among
both paediatric (n = 9/31, 29%) and adult
patients (n = 42/132, 32%) (Fig. 1). Of those
who were recorded as experiencing pain, anal-
gesia was used by three paediatric patients
(n = 3/9, 33%) and 13 adult patients (n = 13/42,
31%); analgesia used varied from paracetamol
only to other non-steroidal anti-inflammatory
drugs, opioids, antiepileptic and tricyclic
antidepressants, as well as different combina-
tions of these.

Location and Evaluation of PN Size
The location of PN was available for a total of 40
PN in 34 paediatric patients and 191 PN in 159
adult patients with large PN (active and closed
records; Table 2). Among paediatric patients,
large PN most frequently occurred in the trunk
(n = 12/40 PN, 30%), legs (n = 9/40 PN, 23%),
head and neck (n = 7/40 PN, 18%) and arms
(n = 7/40 PN, 18%), whereas in adult patients,
large PN occurred most commonly in the legs
(n = 56/191 PN, 29%), trunk (n = 50/191 PN,
26%) and head and neck (n = 47/191 PN, 25%).

Clinical and radiological evaluations of PN
size were available for a reduced number of PN
(active and closed records; Table 2). For the
missing PN, the PN size was described anatom-
ically and true clinical measure in centimetres
was not documented in the medical chart. At
the first clinical evaluation the mean diameter
of superficial PN was 4.5 ± 2.5 cm in paediatric
patients (n = 27 superficial PN documented)
and 6.4 ± 5.0 cm in adult patients (n = 100
superficial PN documented, Table 2). At follow-
up, the mean diameter of superficial PN was
7.4 ± 4.9 cm in paediatric patients (n = 24 PN
documented) and 8.5 ± 5.6 cm in adult
patients (n = 84 PN documented).

At the first radiological evaluation (all
modalities) the mean diameter of internal PN
was 6.3 ± 3.1 cm in paediatric patients (n = 15
PN evaluated) and 8.7 ± 3.6 cm in adult
patients (n = 32 PN evaluated, Table 2). At fol-
low-up, the mean diameter of internal PN was
7.7 ± 4.2 cm in paediatric patients (n = 14 PN
evaluated) and 9.0 ± 3.8 cm in adult patients
(n = 25 PN evaluated).

Surgery
A requirement for surgery was documented for
15 of 40 PN (38%) in the 34 paediatric patients
and for 86 of 191 PN (45%) in the 159 adult
patients with large PN (active and closed
records; Table 3). Among the large PN that
required surgery, most had required one proce-
dure (12 of 15 PN [80%] in paediatric patients
and 54 of 86 PN [62%] in adult patients) at the
time of data cut-off. Procedures included com-
plete resection (seven of 15 procedures [47%] in
paediatric patients and 34 of 86 procedures
[40%] in adult patients) and debulking (eight of
15 procedures [53%] in paediatric patients and
52 of 86 procedures [60%] in adult patients). A
total 14 of 40 PN (35%) in 34 paediatric patients
and 62 of 191 PN (32%) in 159 adult patients
were reported as inoperable. In these patients,
minor debulking was performed to relieve
symptoms in six of the 14 inoperable PN (43%)
in paediatric patients and in 35 of the 62
inoperable PN (56%) in adult patients, but the
PN were not fully resectable.

Tumour Growth Analysis
Data for the PN growth analyses were obtained
from patients followed up at CRD-AUH. Of 54
paediatric and adult patients evaluated, 22
patients with 24 PN were subsequently included
in the analysis. Patients were excluded because
images could not be retrieved (n = 10), the
analysis could not be performed on available
images (n = 6) or because of previous surgery on
PN (n = 17). Of the 22 patients included in the
analysis, six were aged B 17 years (27%), the
mean age was 24.4 years, 16 were female (73%)
and 20 (91%) were under active follow-up as of
the data cut-off. The two patients who were no
longer being followed-up had died at age 24 and
30 years. The change in PN size by attained age
in individual patients is shown in Fig. 2. Over-
all, PN size increased 1.06-fold per year (95%
confidence interval [CI] 1.0–1.1).

Cumulative incidence of PN
Of the 1099 patients in the total cohort,
cumulative incidence of large PN was calculated
using data from 1053 patients with NF1. Four-
teen patients with large PN were excluded
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because crucial data from clinical examination,
or medical records, were missing, including no
date of large PN diagnosis, and 33 patients were
excluded because PN was diagnosed prior to
NF1.

The cumulative incidence of large PN
increased with time since the diagnosis of NF1
and was estimated to be 15% (95% CI 13–18),
21% (95% CI 17–24) and 25% (95% CI 21–30) at
10, 15 and 20 years after NF1 diagnosis, respec-
tively (Fig. S4 in the electronic supplementary
material). Among patients with NF1 who
developed PN, the median time from NF1
diagnosis to diagnosis of PN was 1.9 (95% CI
0.003–25.4) years.

Malignant Peripheral Nerve Sheath
Tumours and Other Cancers

Among the entire cohort of 1099 patients with
NF1, MPNST was documented in two paediatric
patients (aged 12–14 years at the time MPNST
was diagnosed), both of whom had large PN
diagnosed prior to the diagnosis of MPNST, and
in 19 adult patients (median age 31.8 [range
15.7–67.5] years at diagnosis), 15 of whom had
large PN diagnosed prior to the diagnosis of
MPNST. Both paediatric patients received
chemotherapy, and debulking surgery, radia-
tion therapy and proton beam therapy were
performed in one patient each. One patient was
deceased at data cut-off. Among the 19 adult
patients, 11 underwent surgery (full resection in
eight and debulking in three), five received
chemotherapy, and 11 received radiation ther-
apy. Eleven were deceased at data cut-off.

Two of 34 paediatric patients with large PN
subsequently developed brain tumours (low-
grade glioma and low-grade astrocytoma) dur-
ing follow-up.

A wide range of tumours (in addition to
MPNST) occurred in adult patients during
follow-up. Seven patients were diagnosed with
brain tumours; five patients were diagnosed
with breast cancer; two patients were diagnosed
with pheochromocytoma; and one patient was
diagnosed with leukaemia.

DISCUSSION

This is the first nationwide, population-based
study of PN in patients with NF1 in Denmark.
On the basis of this analysis, we estimate that
the rate of NF1 in Denmark is one in 5500
individuals as of 1 July 2020. This is consistent
with previous estimates of the prevalence of
NF1 in other populations (one in 2500 to one in
6000) [2, 3, 21].

Out of a population of 1099 individuals with
confirmed NF1, more than one-third of children
and adolescents (38%) and approximately two-
thirds of adults (64%) had at least one PN of any
size. The cumulative incidence of PN increased
consistently throughout childhood and adoles-
cence. Among all patients with at least one PN,
approximately one-third had a large PN defined
as C 3 cm in diameter.

The presence of a large PN is clinically sig-
nificant because of the association with symp-
toms and the need for surgery. Previous
analyses have reported an association between
PN size (volume) and symptoms with larger PN
being associated with more frequent or severe
symptoms [14, 22]. In the present analysis, the
presence of at least one large PN was associated
with a wide range of symptoms in both paedi-
atric and adult patients. The presence of symp-
toms was documented in the medical records of
approximately half of the patients with a large
PN; however, this may be underestimated as
only symptoms explicitly mentioned in medical
records were included. The most prevalent
symptom was pain, which was documented in
approximately one-third of medical records of
patients with a large PN. Analgesia used differed
between over the counter to scheduled medi-
cation and were often used in combination,
showing that management of pain in PN can be
complicated. Pain was also the most common
morbidity associated with PN in a recent reg-
istry study by Gross et al. [14] and use of pain
medication increased over time as the size of PN
increased in that analysis [14]. It should be
noted that, in contrast to our study of unse-
lected patients, the study by Gross et al. [14] is
an ongoing natural history study that involves
patients with more severe disease, and therefore
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more likely to be symptomatic. In the present
study, neurological deficits and phenomena
related to tissue compression were slightly more
frequently documented in the medical records
of paediatric patients than adults. Concerns
about cosmetic issues and disfigurement were
documented in approximately 20% of medical
records of both paediatric and adult patients.

An analysis of serial MRI sequences in a
subset of patients (n = 22) allowed us to esti-
mate that the PN volume increased by approx-
imately 6% per year (median, 95% CI 2–10).
There was a large variation in growth rate
observed, with a median that was somewhat
lower than the median growth rate of 16%
reported in the recent study by Gross et al. [14].
This difference can be explained by the exclu-
sion of stable PN, defined as\20% change in
volume from baseline, from calculations of
growth rate in that study as well as the younger
age of the patient cohort in their study (median,
13 vs 24 years of age) [14]. Previous studies have
reported the most rapidly growing PN occur in
young children [14, 18]. Young female patients
were over-represented in our analysis as 19 of 22
patients included in the analysis were female
and all but two patients were aged B 30 years
when the first PN measurement was obtained.

Surgery and pain management is a main
treatment for PN, although it is not always
possible to completely excise a PN [1, 10, 23].
Approximately one-third of PN in paediatric
and adult patients were considered to be inop-
erable in our study, which means either that
surgical intervention was not possible, or the
PN was not fully resectable and that only lim-
ited debulking surgery could be considered.

The MEK inhibitor selumetinib was
approved for use in the EU in 2021 as the first
systemic therapy for paediatric patients
(aged C 3 years) with NF1 and symptomatic,
inoperable PN [24]. The approval of selumetinib
was based on the pivotal phase 2 SPRINT study
which demonstrated clinically significant
shrinkage in PN volume [25]. An early access
programme was set up in Denmark but no
patients included in the study had started
treatment at the cut-off date.

Patients with NF1 are at increased risk of
MPNST, which carries a poor prognosis

[14–16, 22, 26]. The overall frequency of MPNST
in our NF1 cohort was 2% (21 of 1099 patients)
and all but four cases of MPNST were docu-
mented in patients with clinically evident large
PN. This is consistent with previous literature
that showed that MPNSTs usually arise from
pre-existing PN [6, 16]. The frequency of MPNST
in our cohort was lower than that reported by
Evans et al. [16] in their registry study from
northwest England. This discrepancy can be
partially explained by the largely unselected
population included in our cohort, which has a
young average age and is a close representation
of the true Danish prevalence. In the future, it
would be interesting to investigate the preva-
lence of cancer, and MPNST in particular, by
linking patients in the PN cohort with the
Danish Sarcoma Database and nationwide can-
cer registry, which includes all cancers diag-
nosed in Denmark.

There is no standard method for measuring
the size of PN. The tumour tracking software
was fast and easy to use, enabling measurement
of the entire volume of a PN, thereby proving
useful in daily clinical practice. Semi-automated
volumetric segmentation methods for PN
monitoring have previously been described, but
are used mainly for research purposes [27]. In
daily clinical practice, the largest PN is usually
chosen, and the length and width on one slice
are used to monitor PN size over time. PN seg-
mentation using MMTT is subjective and ulti-
mately guided by the operator, but the process
seems more objectively quantifiable than using
the widest measurements on a single slice.

To our knowledge, this is the first nationwide
population-based study of PN in patients with
NF1. A strength of the study is the compre-
hensive nature of the database, which includes
an unselected population of all patients with
NF1, regardless of their socioeconomic status or
ability to pay—all patients in Denmark have
free and equal access to healthcare, including at
their respective NF1 centres. However, this
study also has certain limitations, most of
which can be attributed to the nature of the
observational study design. These include
missing data, under-reporting of symptoms and
incomplete MRI scan data and the subjective
nature of PN segmentation using MMTT. MRI is
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not routinely performed in patients with NF1 in
Denmark and only when specific indications or
symptoms from a PN are apparent; not only
prior to surgery but also when there is uncer-
tainty related to diagnosis (PN present or not),
rapid growth, discomfort or disfigurement. In
particular, the frequency of symptoms may
have been underestimated as symptoms were
not documented in a systematic fashion; only
prominent symptoms would have been noted
in the electronic medical record. In order to
obtain a more reliable picture of NF1 symptoms,
a study based on patient-reported outcomes
would be required. In addition, although all
patients with NF1 in Denmark are candidates
for referral to CRD-AUH and CRD-CPH, it is
possible that some individuals with very mild
symptoms may not have been diagnosed or
chose not to be followed for NF1 disease at these
centres.

CONCLUSIONS

In conclusion, this nationwide analysis of
medical records shows that PN are frequently
reported in patients with NF1, with 19% of
patients developing large PN and cumulative
incidence increased over time. These PN are
often deemed inoperable and are associated
with a number of symptoms and morbidities,
the most frequent of which was pain, high-
lighting that disease burden was considerable.
Furthermore, a proportion of patients devel-
oped MPNST, not all of which arose from a
known PN. Therefore, these results highlight
the severe sequelae and unmet treatment need
in patients with NF1-PN.
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