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Editorial
Neurofibromatosis is a common autosomal dominant

neurocutaneous disorder. It is also defined as a RASopathy
(developmental syndromes caused by germ line mutations in genes
that alter the Ras subfamily and Mitogen activated protein kinases that
control signal transduction). It has an incidence of 1:3000 live births
and has variable expressivity [1]. Half of the cases of NF demonstrate
de novo mutations and it has equal male to female preponderance. It
has two types: NF1, which is characterized by neurofibromas, which
may induce compressive symptoms and have the tendency to undergo
malignant transformation into malignant peripheral nerve sheath
tumors (MPNST). NF2 manifests with bilateral acoustic neuromas,
which may lead to hearing loss [1]. Patients typically have multiple
inherited schwannomas, meningiomas, and ependymomas.

MPNST aka Neurofibrosarcoma has an incidence of 1.6/1000 (813%
lifetime incidence) [2]. 25-70% of MPNST cases are associated with
NF1 [3]. However, only about 4% of patients with NF1 develop a
MPNST. It is often detected late and is associated with high mortality.
MPNSTs most commonly occur in the deep soft tissues, usually close
to a nerve trunk, the mediastinum, and retro peritoneum. The most
common sites are the sciatic nerve, brachial plexus, and sacral plexus.
MPNST may be distinguished from neurofibroma if there is rapid or
infiltrative growth pattern [4]. The superficial lesions are amenable to
biopsy while the deep neural lesions are associated with high morbidity
(nerve paralysis) and sampling error given the heterogeneous
histopathologic appearance.

Clinically, malignant transformation in NF may be suspected in the
presence of a rapidly growing and/or cystic mass (neurofibroma or
plexiform NF), which may or may not be associated with pain, and
occurrence or aggravation of neurological symptoms (pain, sensory/
motor deficit, dysphonia, dysphagia). Additional features that may help
in differentiating the two entities include large areas of heterogeneity
with haemorrhage, necrosis and infiltration of surrounding soft tissue
structures for MPNST. Imaging plays a vital role in assessment of
malignant transformation of these lesions. MRI can be useful in
detecting and differentiating MPNSTs and neurofibroma, as it provides
excellent soft tissue contrast and ability to identify a mass arising from
a specific nerve and invasion of specific structures such as vessels,
muscles, fascia, and subcutaneous fat [5]. Wasa et al. found significant
differences between MPNST and neurofibromas for largest dimension
of the mass, peripheral enhancement pattern, perilesional edema-like
zone, and intratumoral cystic lesion [4]. The presence of two or more
of the four features was suggestive of malignancy (MPNST) with a
sensitivity of 61% and specificity of 90%. Among cases in NF1 patients,

heterogeneity on T1-weighted images (T1WI) was also significant in
distinguishing MPNST from NF [5].

Another group found that intratumoral lobulation (sensitivity 63%,
specificity 83%) and the presence of a high signal intensity area on
T1WI (sensitivity 63%, specificity 88%) were considered to be
diagnostic indicators of MPNST [6], although there remains debate
regarding these findings in the literature. Scheppers et al. suggested
that the tumor diameter of greater than 66 mm associated with neural
deficits and MRI with no abnormal signal on T2WI, heterogeneous
signal on T1WI, and >50% necrosis, was high risk for malignant
transformation [7]. Van Herendael et al. suggested if the lesion was
intramuscular, perineural, nodular, and MRI showed heterogeneous
signal on T1/2WI along with gadolinium enhancement, it was high
risk for malignant transformation [8].

FDG-PET/CT is making strides as a viable adjunct to MRI in
detection of malignant transformation in NF1. There are three
approaches to interpret these studies: Qualitative approach is based on
visual assessment and is fast but highly operator-dependent and with
low reproducibility. The second approach is to use standardized uptake
value (SUV cut-off), whereby PET/CT was shown to have a sensitivity,
specificity, positive predictive value, and negative predictive value for
separating MPNSTs from BNFs of 91%, 84%, 67%, and 96% versus
91%, 81%, 63%, and 96%, respectively, on 4-hour delayed imaging, and
showed that the mean SUVmax was significantly higher for MPNSTs
than BNFs on both early scans (6.5 vs. 2.0, P<0.01) and delayed
imaging (8.3 vs. 2.3, P<0.02) [9]. The third approach is to use the ratio
SUVmax of tumor to SUV mean of background (liver). This method
was found to be reproducible, and less subject to SUVmax variability.
The reported NPV and PPV were 98.8% and 65.1% respectively. The
recommended T/L ratio is <1.5 for monitoring and >1.5 to intervene
(biopsy, surgery) [10]. Serial PET and MRI imaging can be performed
for the evaluation of abnormal growth pattern, interval increase in
FDG uptake and MRI features suggestive of malignant transformation,
as demonstrated in Figure 1.

Clinical presentation and multimodality imaging features can be
used to detect early stages of malignant transformation of
neurofibromas, which is directly related to reducing mortality and
improving outcomes. Clinical suspicion is raised when a patient with
NF1 presents with a growing mass that is usually painful and
associated with a neurologic deficit. MRI and/or PET/CT imaging is
then indicated to assess for features as mentioned above to detect early
signs of malignant transformation. This information can be then
judiciously interpreted for further management. There is a need for
methods to create pre-intervention likelihood scores that are generated
through concatenated indices based on the clinical and imaging
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features in order to minimize unnecessary iatrogenic morbidities and
detect cancer early enough to increases chances of survival.

Figure 1: Patient with a history of MPNST and a growing nodular
lesion within a peripheral nerve on axial and coronal MRI scan and
increasing FDG uptake on corresponding PET scan. Pathology of
this lesion was consistent with recurrent MPNST. (Used with
permission from 18 fluorodeoxyglucose positron emission
tomography (FDGPET) evaluation of nodular lesions in patients
with neurofibromatosis type 1 and plexiform neurofibromas (PN)
or malignant peripheral nerve sheath tumors (MPNST). Pediatr.
Blood Cancer 60: 59–64. doi: 10.1002/pbc.24212).
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