UCSF

UC San Francisco Previously Published Works

Title

The characteristics of 76 atypical neurofibromas as precursors to neurofibromatosis 1
associated malignant peripheral nerve sheath tumors.

Permalink
https://escholarship.org/uc/item/9r29k3zm
Journal

Neuro-Oncology, 20(6)

ISSN
1522-8517

Authors

Higham, Christine S
Dombi, Eva
Rogiers, Aljosja

Publication Date
2018-05-18

DOI
10.1093/neuonc/noy013

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/9r29k3zm
https://escholarship.org/uc/item/9r29k3zm#author
https://escholarship.org
http://www.cdlib.org/

Neuro-Oncology

20(6), 818-825, 2018 | doi:10.1093/neuonc/noy013 | Advance Access date 2 February 2018

The characteristics of 76 atypical neurofibromas as
precursors to neurofibromatosis 1 associated malignant
peripheral nerve sheath tumors

Christine S. Higham, Eva Dombi, Aljosja Rogiers, Sucharita Bhaumik, Steven Pans, Steve E. J. Connor,
Markku Miettinen, Raf Sciot, Roberto Tirabosco, Hilde Brems, Andrea Baldwin, Eric Legius,*
Brigitte C. Widemann,* and Rosalie E. Ferner*

National Cancer Institute, Center for Cancer Research, Pediatric Oncology Branch, Bethesda, Maryland, USA (C.S.H.,
E.D., S.B., A.B., B.C.W.); Children’s National Medical Center, Washington, DC, USA (C.S.H.); Department of Human
Genetics, Catholic University of Leuven, Leuven, Belgium (A.R., H.B., E.L.); Winthrop University Hospital, Department
of Hematology & Oncology, Mineola, New York, USA (S.B.); Department of Radiology, University Hospital Leuven,
Leuven, Belgium (S.R); Department of Radiology, Guy’s and St. Thomas’ NHS Foundation Trust, Kings College Hospital
London, London, England (S.E.J.C.); National Cancer Institute, Laboratory of Pathology, Bethesda, Maryland, USA
(M.M.); Department of Imaging and Pathology, Catholic University of Leuven, Leuven, Belgium (R.S.); Royal National
Orthopaedic Hospital NHS Foundation Trust, London, England (R.T.); Neurofibromatosis Center, Department of
Neurology, Guy’s and St. Thomas’ NHS Foundation Trust, London and King's College, London, England (R.E.F)

Corresponding Author: Brigitte C. Widemann, M.D., Pediatric Oncology Branch, National Cancer Institute, 10 Center Drive, Building
10 CRC, Room 1-3752, MSC 1101, Bethesda, MD 20892 (widemanb @ mail.nih.gov).

*These authors are co-senior authors.

Abstract

Background: Neurofibromatosis 1 (NF1) leads to the development of benign and malignant peripheral nerve
sheath tumors (MPNST). MPNST have been described to develop in preexisting benign plexiform neurofibromas
(PN) and have a poor prognosis. Atypical neurofibromas (ANF) were recently described as precursor lesions for
MPNST, making early detection and management of ANF a possible strategy to prevent MPNST. We aimed to clini-
cally characterize ANF and identify management approaches.

Methods: We analyzed clinical, imaging, and pathology findings of all patients with NF1 and ANF at 3 institutions.
Results: Sixty-three patients had 76 ANF (32M/31F; median age 27.1 y). On MRI, most ANF appeared as distinct
nodular lesions and were '8F-fluorodeoxyglucose (FDG) avid. Forty-six ANF were associated with pain, 19 with
motor weakness, 45 were palpable or visible, and 13 had no clinical signs. Completely resected ANF (N = 57) have
not recurred (median follow-up, 4.1 y; range, 0-14 y). Four ANF transformed into MPNST and 17 patients had a his-
tory of MPNST in a different location than was their ANFE

Conclusions: Growth of distinct nodular lesions, pain, and FDG-PET avidity should raise concern for ANF in NF1.
Patients with ANF are at greater risk for development of MPNST. Complete resection of ANF may prevent develop-
ment of MPNST.

Keywords

Neurofibromatosis 1 (NF1) is an autosomal dominant characterized by distinct clinical features, including café
tumor predisposition syndrome that affects 1in 2500-3300 au lait macules, Lisch nodules, skin fold freckling, and
births. It is caused by heterozygous inactivating muta-  neurofibromas.* Patients with NF1 are at increased risk of
tions in the NF7 tumor suppressor gene, which encodes  developing benign and malignant tumors of the nervous
neurofibromin, a negative regulator of RAS."® NF1 is system.®
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Importance of the study

Since ANF in NF1 were identified as precursor lesions to
MPNST and outcomes for high-grade MPNST are poor,
early detection and surgical removal of ANF is important
to prevent development of MPNST. The clinical, imag-
ing, and pathological features of ANF have not been
fully documented previously. This study analyzed the
largest cohort of 76 pathologically confirmed ANF in 63
patients using standardized data collection. Pain was the

Neurofibromas, the hallmark feature of NF1, are periph-
eral nerve sheath tumors with several clinicopathologic
and anatomic variants, namely localized cutaneous neu-
rofibroma, diffuse cutaneous neurofibroma, localized
intraneural neurofibroma, soft tissue neurofibroma, vis-
ceral neurofibroma, and plexiform neurofibromas (PN).
PN involve multiple nerve fascicles, have complex shapes,
grow more rapidly in young children, and can cause sub-
stantial morbidity including pain and functional impair-
ment.5® PN can undergo transformation to malignant
peripheral nerve sheath tumors (MPNST), aggressive sar-
comas associated with poor prognosis.

Patients with NF1 have a lifetime incidence of 8%-15.8%
of developing MPNST compared with an incidence of
0.001% in the general population.’-'2In NF1, MPNST occur
at a younger age and the majority arise in preexisting
PN.'34 They can present with enlarging mass, pain, and
neurological deficit, but these symptoms often overlap and
are difficult to distinguish from benign PN. The prognosis
for MPNST in individuals with NF1 is poor, with a 5-year
overall survival of 35%-50%, and to date, complete surgi-
cal resection with wide negative margins is the only cura-
tive treatment, making early detection important.’

Atypical neurofibromas (ANF) are pathologically defined
lesions that have increased variable cellularity, cytologi-
cal atypia, and more pronounced fascicular growth pat-
terns but lack the widespread atypia and fascicular growth
mitotic activity and necrosis seen in MPNST.'6'7 In 2011
ANF were reported as precursor lesions for MPNST. A dele-
tion at 9p21.3, which includes genes CDKN2A/2B, was iden-
tified in 15/16 (94%) ANF and in 16/23 (70%) high-grade
MPNST but not in PN."® This makes early detection and
management of ANF a possible strategy to prevent MPNST.
However, little is known about the clinical presentation and
natural history of ANE"%'® Qur aim was to characterize ANF
and identify approaches for management of these lesions.

Methods

Our study included patients with NF1 who are followed at
the Catholic University in Leuven, Belgium, Guy’s and St
Thomas’ NHS FoundationTrust (GSTT) in London, England,
and the National Cancer Institute (NCI) in Bethesda,
Maryland. The diagnosis of all cases of ANF was confirmed
by one pathologist at each site using agreed upon reviewed
standardized criteria, including presence of enlarged nuclei,
pleomorphism, hyperchromasia, increased cellularity,
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most common symptom; lesions were distinctly nodu-
lar on MRI and most were FDG-PET avid. Fully resected
lesions have not shown regrowth but 4 ANF had docu-
mented transformation to high-grade MPNST and sev-
eral patients had a history of MPNST prior to diagnosis
of the ANFE Our data confirm the critical importance of
ANF as precursor lesions to MPNST and suggest that
resection of ANF, when feasible, may prevent MPNST.

absence of mitoses or minimal mitotic activity, and absence
of necrosis. Using standardized data collection designed
jointly by all 3 sites for this project, all patients with diag-
nosis of ANF were analyzed retrospectively. Data were col-
lected on clinical presentation, including NF1 diagnostic
criteria, ages at first detection, diagnosis and follow-up,
ANF location, and symptoms. Imaging data of MRI and
8F-fluorodeoxygluose (FDG)-PET-CT scans, including early
and delayed maximal standardized uptake values (SUV__ ),
were included when available. Measurements of the
lesions on MRI were performed at each site with 3 diame-
ters measured: anterior-posterior, cranio-caudal, and trans-
verse and 3D volume based on these measurements. At the
NCI, whole-body MRIs were performed on patients with
NF1 and PN enrolled on the NCI NF1 natural history study
(NCT00924196). Volumetric analysis was performed on the
lesions, and using the same volumetric analysis method,
total body PN tumor burden was calculated.'®2°

Treatment interventions of biopsies and resection were
analyzed with the reasons for intervention determined for
each lesion, and multiple reasons were documented when
applicable. Kaplan-Meier curves were generated for the
age of diagnosis of ANF, the age of diagnosis of MPNST,
and overall survival. All MPNST were included: MPNST
prior to diagnosis of ANF or after diagnosis of ANF and
whether transformed or developed in a different location.
Each site had approval by its institutional ethics commit-
tee. As this was a retrospective review, informed consent
was not obtained from patients.

Results
Patient Characteristics

The cohort included 63 patients—17 at the NCI, 16 at
Leuven, and 30 at GSTT. Table 1 summarizes the NF1 char-
acteristics. The 63 patients had a total of 76 pathologically
confirmed ANF for which the necessary clinical data were
available. Nine additional ANF were excluded from the
analysis, as necessary clinical data were not available.
Table 2 includes the ages and time frames of diagnosis and
management of the ANF per study site. The median age at
the time of pathologic diagnosis of the ANF was 27.1 years.
Eighteen patients (29%) had additional lesions (1-10) that
were determined to be suspicious for ANF by their clinician
on clinical exams or imaging but had not been biopsied or
resected at the time of this study.
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Table 1

NF1 characteristics of 63 patients with pathologically confirmed atypical neurofibroma

Characteristic Number Percent
Inheritance De novo 29 46
Familial 21 33
Mother/father 10/11 48/52
Mosaic/segmental* 5/1 8/2
Unknown 7 1
Number of NF1 diagnostic criteria: median (range) 4(1-6)# -
Neurofibromas Cutaneous 33 52
Subcutaneous 5 8
Both 20 32
None 5 8
Spinal nerve root neurofibromas 1 spinal region 30 46
2 of 3regions 7 1
Cervical, thoracic, and lumbar 14 22
None 13
No spine imaging 8
* All patients with mosaic and segmental NF1 were treated at GSST.
# Patients with mosaic and segmental NF1 had only one NF1 criterion.
Table2 Patient characteristics by participating site: 63 patients with 76 atypical neurofibromas
Patients with ANF \[¢]] Leuven GSTT All Sites
Male/female 10/7 6/10 16/14 32/31
ANF (N) 24 19 33 76
Patients with >1 ANF 5 4n 62 15
*Age, y, at diagnosis of first ANF 19.7 319 28.5 271
(7.6-51.2) (15.1-58.8) (13.6-60) (7.6-60)
*Age, y, ANF lesion first noted (clinical or imaging) 15.4 31.4 275 25.7
(5.5-40.2) (0.3-58.7) (12-58) (0.3-58.7)
*Years to ANF pathologic diagnosis 3.8 0.2 0.6 1.0
(0.3-11) (0-15.1) (0-9) (0-15.1)
*Follow-up, y, after ANF diagnosis 1.9 4.2 5.8 4.2
(0.1-9.9) (0.1-10.7) (0.2-14) (0-14)
Patients with additional suspicious lesions, number of lesions (range) 9 2 7 18
(1-10) (2-7) (1-2) (1-10)

*Median (range).

ANine additional ANF from these patients were excluded from the analysis, as necessary clinical data were not available.

Clinical Characteristics of ANF

The ANF were distributed throughout the body, with 45
of the 76 lesions located in the central body, 30 lesions in
the extremities, and 1 located in the head arising from the
occipital nerve (Fig. 1A). The majority (n = 40) of ANF were
intramuscular (Fig. 1B). (For individual patient data, see the
Supplementary table.)

Fifty-one ANF caused clinical symptoms and 45 of the
lesions were palpable (Fig. 1C and D). Seventy percent
of ANF in the Belgian cohort (13 of 19) and 79% in the UK
cohort (26 of 33) caused symptoms in comparison to 54%
at the NCI (13 of 24). The most frequent symptom was pain

(n=46, 61%) and the median age of patients with and with-
out pain was similar (28.3 y, range 13.6-60 and 25.9y, range
7.6-57, respectively). Of the lesions associated with pain, 35
were growing.The 13 soft ANF were located predominantly
in the neck and extremities, with 1 being a subcutaneous
lesion in the back and another lesion being palpable in the
abdomen.Thirteen ANF (8 NCI, 3 Leuven, 2 GSTT) were not
associated with clinical signs or symptoms.

Imaging of ANF

Available imaging for the ANF was reviewed independently
at each site (see Table 3). Only 58 of the 76 ANF had MRI
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Fig.1
bromas. (D) Texture on palpation of atypical neurofibromas.

of the lesion performed at a median of 15 months (range
0-11 mo) prior to diagnosis. Of these 58 ANF, 22 had a prior
MRI at a median of 15.3 months earlier. Only 4 lesions
decreased in size (range —4.7% to —50.6%), and 1 ANF did
not change. For patients at the NCI, volumetric analysis
was performed on whole-body MRIs, and the median total
PN tumor volume was 1541 mL (range 186 to 3723 mL).
Fifty-six of the 76 ANF were imaged with FDG-PET-CT
scans available for review for this study, as well as 18
ANF that had prior scans available. At the NCI, FDG-PET
images were obtained 60 minutes post injection, at Leuven
60 minutes or 180 minutes post injection, and at GSTT
90 and/or 240 minutes post injection. Only one ANF was
not FDG avid. The majority of ANF had SUV__ >3.5, with
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(A) Location of atypical neurofibromas. (B) Location of atypical neurofibromas in fascial plane. (C) Symptoms related to atypical neurofi-

only 4 lesions having SUV,__- between 2.5 and 3.5 (3 NCI, 1
Leuven), and 2 lesions with SUV_ <2.5 (GSTT).

Interventions for ANF

Indications for intervention were lesion growth, elevated
SUV,_,. and clinical symptomes. Fifty-six of the 76 ANF had
multiple indications for intervention and 20 had only one
indication.The indications for intervention were equal, with
approximately 70% per reason (growth n = 51, elevated
SUV,_,, n =55, clinical symptoms n = 52). Twenty-four ANF
had a biopsy as the primary intervention, while the other

52 lesions had upfront resections (2 partial resections).

ABoroouQ
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Of the 13 asymptomatic lesions, 8 were biopsied or
resected for only an elevated SUV__ (median SUV__
7.0, range 2.9-16.7). Two lesions were resected because of
growth on MRI, while the remaining 3 were resected for
both findings on MRl and FDG-PET.

Of the 24 ANF biopsied, 3 had a repeat biopsy at a later
point and 7 were resected. Of the 52 ANF with upfront
resection, one partially resected lesion had a follow-up
biopsy, while 7 of the lesions had secondary complete
resections. Fifty-seven ANF were resected without wide
margins and have not recurred on follow-up, while 2 ANF
that were only partially resected have shown regrowth, one
requiring a second resection. Of the patients who under-
went resection, 7 (12%) had postoperative complications,
which included foot drop, vocal cord dysfunction, transient
paresthesia, and motor weakness that was not present pre-
operatively. The median follow-up time from diagnosis of
the ANF to last visit or death was 4.2 years (range 0.1-14 y).

Pathology of ANF

Consistent with the pathology definition of ANF all the
lesions had enlarged nuclei, with most cases containing
pleomorphic cells (n =56) and/or hyperchromasia (n = 67).
The majority of the lesions had intermediate cellularity
(n = 42) with no mitotic figures. Twenty-five lesions had
low cellularity and 6 had high cellularity. Eight lesions had
mitotic figures ranging from 3 to 5 per 50 high-power field.
No lesions showed necrosis, and hemorrhage was rare
(n =3), which could be surgical trauma related. For 3 of the
76 ANF, tissue was not available for pathology confirmation
review for this study, but these had been confirmed previ-
ously by one of the 3 pathologists.

Diagnosis of MPNST in Patients with ANF

Four of the ANF in this cohort transformed into high-
grade MPNST with a median time after ANF diagnosis of
1.8 years (range 0.2-3.1 y). Two of these ANF were palpable

Table3 Imaging characteristics of atypical neurofibromas

MRI (N =58) Median Range
Longest diameter (cm) 5.5 1.7-18.2
Calculated 3D volume (cm?) 65.1 1.6-1647
Prior MRI (N = 22)

1D growth rate (%/y) 5.8 -42 10 43.9
3D growth rate (%/y) 274 -51to 379
FDG-PET (N =56)

PET avid lesions per patient (/) 2 0-12
Median SUV__ . 60-90 min (N =50) 5.6 0-22.3
Median SUV, _ 180-240 min (N=26) 6.6 3.2-21.6

Prior FDG-PET (N = 18)
Increase in SUV,_ 13
Decrease in SUV

No change

and visible, located in the calf and neck, while the other 2
lesions were in the abdomen and were not palpable or vis-
ible. All 4 lesions were associated with symptoms, includ-
ing pain. On the FDG-PET closest to time of diagnosis of
the ANF, the SUV__ ranged from 5.5 to 22.3. The lesions
were initially only biopsied and none were fully resected.

In addition, 17 patients had a diagnosis of MPNST in a
location distinct from the ANF in this cohort. Ten patients
had diagnoses of their first MPNST prior to and 3 after the
ANF diagnosis. The remaining 4 individuals had diagno-
ses of MPNST in a distinct location on the same day of the
procedure that diagnosed ANF. Six of the 63 patients had a
diagnosis of multiple MPNST that were not metastatic or
recurrent. Three MPNST were low grade (2 patients with 1
MPNST, 1 patient who also had high-grade MPNST). Seven
patients had other malignancies diagnosed (1 cholangio-
carcinoma, 3 gastrointestinal stromal tumors, 1 pheochro-
mocytoma, 1 somatostatinoma, 1 seminoma).

Ten patients in this cohort are deceased. Three of the
patients died from the MPNST that had transformed
from ANF and 6 patients died from MPNST in a dif-
ferent location. The tenth patient passed away from
cholangiocarcinoma.

Kaplan—-Meier analysis showed a median age of patients
at time of ANF diagnosis of 27 years, and a median age at
MPNST diagnosis of 51 years. The median for overall sur-
vival was not reached (Fig. 2).

Discussion

Since ANF were identified as precursor lesions to MPNST,
learning more about their clinical presentation and natu-
ral history is important, as early detection and surgical
removal of ANF may be important to prevent development
of MPNST. This study analyzed the largest cohort to date
of 76 pathologically confirmed ANF in 63 patients using
standardized data collection. The median age of patients
at time of diagnosis was 27.1 years, which shows that ANF
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c 60+
S
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Fig.2 Kaplan—Meier curve: proportion of patients with disease
manifestations: age in years at first ANF, first MPNST, and death.
All MPNST were included: MPNST prior to diagnosis of ANF or
after diagnosis of ANF, whether transformed or developed in a
different location.



are diagnosed in older patients in comparison to PN."™
This later age highlights the importance of screening NF1
patients for these lesions in early adulthood.

Clinical evaluations are of paramount importance in
detecting ANF, and pain and hard palpable lesions are par-
ticularly prominent symptoms. Equally as important may
be imaging with MRI, as 17% of the ANF in this cohort were
not clinically detectable or symptomatic. The ANF in this
cohort with MRI and FDG-PET imaging were all distinct
nodular lesions, and almost all were FDG avid. It is impor-
tant to note that the exact SUV___threshold is harder to
interpret due to the scans being obtained at multiple, dif-
ferent sites. Based on our analysis, we recommend that if
nodular lesions are detected, they be followed closely at a
center with NF1 expertise with history, exam, and imaging,
including MRI and FDG-PET. Symptomatic, FDG-avid, or
growing lesions (volume increase >20% per year in adults)
warrant biopsy or resection. Given the radiation exposure,
FDG-PET should be used judiciously.

It is likely that having one ANF increases the risk of having
an additional ANF, as 15 patients (24%) in this cohort had a
diagnosis of more than 1 ANE Whole-body MRI data from the
NCI show that most of the patients with ANF have extensive
PN tumor body burden as well as multiple nodular lesions,
which may be an indicator for higher risk of ANF and MPNST.
Of 6 patients with whole-body MRI and MPNST at the NCI,
4 had additional distinct nodular lesions that were not biop-
sied (2, 2, 2, 10 per patient). Patients with severe phenotype
with multiple or large burden PN or patients with an already
known ANF might benefit from whole-body MRI to monitor
for new lesions and change in existing lesions.?"?2 Further
longitudinal evaluation of current patients and a potential
prospective study may help further determine this answer.

Thirty-three percent of the patients in this cohort had a
diagnosis of MPNST, with 4 of those patients having docu-
mented transformation from the target ANF included in this
report. This supports the hypothesis that a subset of ANF
are precursors for MPNST. However, we cannot exclude
the possibility that these were already MPNST when the
diagnosis of ANF was established, as there may be sam-
pling errors with core needle biopsies. The 33% incidence
of MPNST in our cohort is substantially higher than the
reported lifetime incidence of MPNST in NF1 ranging from
8% to 15.8%.%12 Our Kaplan—-Meier analysis suggests that
as many as 50% of patients with ANF will be diagnosed with
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MPNST by age 51 years. Prospective studies of patients
with NF1 and ANF will be required to more accurately quan-
titate MPNST risk and to develop surveillance strategies.

Complete removal of ANF may reduce the risk for malig-
nant transformation. Bernthal et al showed that ANF
removal with positive margins were unlikely to recur, fur-
ther supporting the argument to remove ANF before they
become malignant.?® Lesions not concerning for high-grade
MPNST can be removed without prior biopsy, as such is the
practice in Leuven. This is also the recommendation from a
recent MPNST State of the Science consensus conference.?*
Standardized pathologic criteria for the evaluation of ANF
may allow identifying lesions, which are at greater risk for
malignant transformation. A recent consensus pathology
review provides guidance for the classification of ANF and
proposes the term “atypical neurofibromatous neoplasms of
uncertain biologic potential” (ANNUBP) for ANF considered
at greater risk for transformation to MPNST.?> While multiple
or deep lesions may be difficult to remove, surgery should
be considered even in these cases. ANF that are not resected
require close monitoring throughout life and all patients also
warrant monitoring for development of additional ANF

There are some key differences between the sites in their
management of ANF (Table 4). ANF patients at the NCl were
younger compared with those at the European sites, which
is likely the result of the predominant patient population at
NCI being children and young adults with PN. At the NCI,
all patients included in this cohort were enrolled on the
NF1 natural history study and therefore underwent routine
whole-body MRI. They also were more likely to have an
FDG-PET compared with those at the European sites. This
allowed for earlier detection of these lesions, which were
then followed clinically prior to biopsy or resection; this
explains the longer time to diagnosis after first detection
at the NCI. The higher rate of imaging at the NCI also likely
explains why 8 of the 13 patients without clinical signs or
symptoms were at the NCI. At the European sites, imaging
was performed for a clinical indication and lesions were
often removed shortly thereafter. They also were more
likely to have an upfront resection and not a biopsy.

While we have identified the criteria that are concerning
for potential transformation (FDG avidity, lesion growth,
and pain), we cannot predict which lesions will trans-
form or when transformation will occur. More longitudi-
nal data are needed to estimate the incidence and time

Table 4 Differences of ANF characteristics and management between study sites

NCI (n = 24) Leuven (n= 19) GSTT (n= 33)
MRI Whole-body MRI all patients MRI only for concerning sites MRI only for concerning sites
ANF with FDG-PET imaging 22 (92%) 9 (47%) 25 (75%)
Asymptomatic ANF 8 2 8
Primary intervention Biopsy: 12 Biopsy: 1 Biopsy: 10
Resection: 12 Resection: 18 Resection: 23
Median age at ANF diagnosis (y) 19.7 31.9 28.5
Time to pathologic diagnosis (y) 3.8 0.2 0.6
Follow-up after ANF diagnosis (y) 1.9 4.2 5.8
Follow-up after initial lesion detection (y) 6.3 5.2 6.9
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frame of malignant transformation of ANF, which would
help develop evidence-based guidelines for diagnosis and
management of these lesions, including a risk stratifica-
tion system. Currently it is not known what percentage of
MPNST in NF1 arise from ANF compared with those that
arise from PN without atypia. The hope would be that as
we learn about ANF and their transformation to MPNST,
we will have a better understanding of this. As mentioned
previously, prospective assessment of the role of whole-
body MRI in the identification of ANF is also needed, as this
may assist in answering this question and allow for earlier
detection, better monitoring, and optimized intervention
of ANF. Additionally, complete characterization of genomic
events that lead to the transformation from a neurofibroma
to ANF and then to MPNST is needed not only to improve
understanding of the transformation but also to allow for
development of diagnostic biomarkers. Studies analyzing
the genomic events are currently ongoing at multiple sites.

There are limitations to this study. This was a retrospec-
tive chart review; therefore, data were extracted from
clinical records and there was no standardized clinical
questionnaire. The approaches of diagnostic evaluation
and management differed among sites, as previously
noted. There was no central imaging or pathology review;
however, criteria for imaging analysis and pathology
review were discussed and agreed upon prior to analysis
in an attempt to decrease the differences between sites.

In summary, ANF are precursor lesions to MPNST in NF1
and warrant close attention. Pain, elevated SUV__, and
growth are all concerning signs for ANF but are not unique
to ANF Future studies could provide the information that
will allow for removal of those ANF that are at greatest risk
for transformation with the ultimate goal of improving out-
comes for patients with NF1.

Supplementary Material

Supplementary material is available at Neuro-Oncology
online.
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