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Introduction
Neurofibromatosis type 1 (NF1, a.k.a. von Recklinghausen’s 

disease) is an autosomal dominant disease. The worldwide estimated 
prevalence is 1 in 3000 [1]. Germline mutation in the NF1 tumor 
suppressor gene on long arm of chromosome 17 (gene locus q11.2) 
appears to be the causative factor. It codes for the cytoplasmic protein 
- neurofibromin [2,3]. Patients with NF-1 typically manifest as café-
au-lait spots, cutaneous and plexiform neurofibromas (BNF), optic 
glioma, Lisch nodules and bone dysplasia [4]. While several clinical 
features of NF1 are already seen at birth, few other develop later in 
the course of the disease, with number of cutaneous neurofibromas 
increasing with age [5]. Patients with plexiform neurofibromas shows 
higher risk of transformation into malignant pathology also referred to 
as Malignant Peripheral Nerve Sheath Tumors (MPNST). The relative 
lifetime risk is expected to be around 8-13% [6,7]. MPNST are highly 
malignant and aggressively metastatic which shows poor prognosis. 
Early resection appears to be the only curative option. Hence early 
detection of these malignant transformations is a must. 

Both benign and malignant lesions, especially when present 
together in a patient, have similar clinical manifestations such as 
changes in consistency or size, unremitting pain, or new neurological 
findings [8]. Histology remains gold standard for diagnosing MPNST, 
but requires complete excision which is technically difficult. And if 
core biopsy is performed, the focus of malignant change, especially 
in large heterogeneous tumour, may be missed. Morphologic imaging 
cannot reliably differentiate malignant transformed lesions from benign 
ones, especially in tumours with significant heterogeneity [9]. Patients 
with NF1, when evaluated with PET, has demonstrated overall good 
sensitivity (89-100%) and specificity (72-95%) in differentiating BNF 
from MPNSTs [10-12]. As a combined metabolic-anatomic method, 
PET/CT using the radiotracer 18F-FDG allows different parameters 
of tumours to be analyzed simultaneously. FDG-PET/CT metabolic 
imaging has been shown to be able to detect these malignant pathology, 
with positive correlation between FDG avidity and histologic grade [13].

Here we discuss the utility of FDG PET/CT in one such case which 
influenced the prognosis and treatment strategy.

Case Report
A 35 year old male, a known case of NF-1, diagnosed in 2016 
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Abstract
Neurofibromatosis type 1 is an autosomal dominant disease. The worldwide estimated prevalence is 1 in 

3000. Germline mutation in the NF1 tumor suppressor gene on long arm of chromosome 17 appears to be the 
causative factor. Patients with plexiform neurofibromas shows higher risk of transformation into malignant pathology 
also referred to as malignant peripheral nerve sheath tumors (MPNST). The relative lifetime risk is expected to 
be around 8-13%. Histology remains gold standard for diagnosing MPNST, but requires complete excision which 
is technically difficult. As a combined metabolic-anatomic method, PET/CT using the radiotracer 18F-FDG allows 

different parameters of tumours to be analysed simultaneously. It also helps to avoid unnecessary surgeries in 
benign cases. Hybrid PET/MRI will play a crucial role in future for evaluating nerve sheath tumours in NF1 patients 
by combining the pros of both the modalities.

presented with progressive left foot weakness, left lower limb pain and 
walking difficulty since 4 months. MRI of thigh done on February 17 
showed plexiform neurofibroma along left sciatica nerve. He was then 
referred to Nuclear medicine department for further evaluation. FDG 
PET with contrast enhanced CT was performed which demonstrated 
intense FDG avid (SUV max 20.3) heterogeneously enhancing large 
lobulated soft tissue mass measuring 32.8 ⨯ 7.8 ⨯ 7.4 cm along left 
sciatica nerve in mid and distal thigh extending minimally along 
proximal peroneal nerve (Figure 1). There were multiple other non 
FDG avid hypodense lesion along nerve roots of entire spine, carotid 
space, bilateral axillary and thigh. Multiple non FDG avid bilateral 
pulmonary and subcutaneous nodules were also seen. Histopathological 
examination done from the FDG avid mass revealed spindle cells 
arranged in sweeping fascicles, also cells with a malignant rhabdoid 
phenotype and tumour giant cells in a diffuse pattern. Mitotic activity 
is brisk and focal necrosis is noted. These cells expressed S-100 
protein and CD34 and negative for desmin, SMA and myogenin. These 
features suggested MPNST.

He then underwent excision surgery (May 2017), 3 cycles 
chemotherapy (till August 2017). PET/CT done on August 2017 
suggested no residual lesion in the operated site with mild increase 
in FDG avidity and size of pulmonary nodules (Figure 2). He then 
underwent radiotherapy (till November 2017). After 3 months he 
presented with chest pain and left pleural effusion. Cytology of the 
pleural fluid was positive for malignant cells. FDG PET with contrast 
enhanced CT done on February 2018 (Figure 3) revealed interval new 
FDG avid pulmonary and pleural metastases with moderate bilateral 
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pleural effusion and unchanged previously seen neurofibroma lesions. 
However there was no recurrent/residual lesion in the operated site.

Discussion
MPNST’s (a.k.a. malignant schwannoma, neurosarcoma) is a life 

threatening disease, prone to transformation from previous benign 
neurofibroma in patients with NF-1. The classical features seen in 
MPNST significantly overlaps with benign neurofibroma. MR and 
CT also cannot reliably differentiate benign from malignant lesion. 
Histological assessment mostly is either technically difficult or gives 
false negative results.

Distinguishing features in MR for malignant transformation 
included largest dimension of mass, heterogenicity of lesion, peripheral 
enhancement pattern, perilesional edema and intratumoral cystic lesion. 
The presence of 2 or more suggested malignancy with sensitivity of 
61% and specificity of 90% in a study conducted by Junjiwasa, et al. 
[9]. On CT scan it appears hypodense due to the presence of lipid rich 
Schwann cells, adipocytes, accumulated interstitial fluid and cystic 
areas resulting from infarctions and necrosis, particularly in cases 
of larger and malignant nerve sheath tumors. In addition, perineural 
fat tissue can be involved with the growth of diffuse plexiform 
neurofibromas, thereby causing lower density values on CT [14]. 
Contrast CT study often reveals heterogenous enhancement due to 
differences in cellularity and collagen density and also due to cystic 
areas [15]. Hence morphologic imaging cannot reliably differentiate 
benign from malignant transformed lesions, though it can be used to 
determine site and extent of tumour.

PET on the other hand detects MPNST with high specificity 
and sensitivity [16], and also permits whole-body surveillance. 
Simultaneous CT is aids in anatomic correlation and is valuable in 
cases with typical pulmonary and osseous metastases. There are three 
approaches to interpret these studies: 

1. Visual assessment: It is fast but operator-dependent and with 
low reproducibility. 

2. Quantitative assessment: Standardized uptake value (SUV cut-
off)with 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%, 

Figure 1: (A) MIP (maximum intensity projection) shows intense FDG avid 
(SUVmax 20.3) lobulated soft tissue mass in the region of mid and distal thigh; 
(B) Coronal FDG PET and CT fused images shows central necrotic areas 
within  hypermetabolic soft tissue lesion (along the course of sciatic nerve); 
(C,D) Axial CT and PET/CT fused images at level of left midthigh shows target 
sign (central hypodense areas and peripheral enhancing lesion) on CT with 
peripherally hypermetabolic and centrally photopenic area on PET. On biopsy 
it was MPNST.

Figure 2: (A) MIP (Maximum Intensity Projection) shows mild FDG uptake 
along the left mid and distal thigh; (B) Coronal (C,D) Axial FDG PET and 
CT fused images shows post-operative changes with no residual / recurrent 
changes.

Figure 3: MIP (Maximum Intensity Projection) images: A: (Baseline) Intense 
FDG uptake along the left mid and distal thigh; B: (Post surgery and 
chemotherapy) MIP shows no abnormal FDG uptake along the left mid and 
distal thigh; C, (Follow up) MIP shows no abnormal FDG uptake along the 
left mid and distal thigh, however there was FDG avid pulmonary metastasis.
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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) [17]. However the quantitative assessment 
is variable but usually correlates with the aggressiveness of the 
disease.

3. SUVmax of tumour to SUV mean of background (liver) ratio 
[T/L ratio]: It is more reproducible with less variability with NPV 
and PPV of 98.8% and 65.1% respectively. The recommended 
T/L ratio is <1.5 for monitoring and >1.5 to intervene (surgery/
biopsy) [18]. 

Serial follow up with PET and MRI can be done for evaluating 
abnormal growth pattern, interval increase in FDG uptake and MRI 
features suggestive of malignant transformation. In NF1 patients, 
a negative PET excludes a malignant transformation with high 
likelihood, the NPV of being as high as 100% in newer studies [19]. 
Characteristically, benign tumours show low grade FDG concentration 
and due to low cellularity and presence of lipid laden Schwann cells 
[20]. In addition, the metabolic activity (SUVmax) / FDG avidity is 
a better predictor for overall survival than histological grading [21].

In our case, the patient with NF-1 who was initially diagnosed 
with multiple well defined benign nerve sheath tumour throughout 
the body, later on had symptoms of progressive left foot weakness, 
left lower limb pain and walking difficulty and was diagnosed with 
malignant transformation on FDG PET/CT which was histologically 
proven. This finding suggested the grave prognosis of the disease 
which unfortunately progressed as pulmonary and pleural metastases.

The potential role of FDG PET is also studied in guiding biopsy, 
preoperative staging and treatment decision. It reduces the number 
of unwanted surgeries for benign cases. In some institutions, lesions 
with low SUV values were suggested clinical or radiological follow 
up; those with intermediate values went for biopsy or re-evaluation 
and those with high values or suspected to be malignant could undergo 
guided biopsy or resection.

Conclusions
18F-FDG-PET/CT allows highly sensitive and specific detection 

of MPNST in patients with NF1 and should be used when a malignant 
transformation of a nerve sheath tumour is suspected, particularly for 
staging. It also helps to avoid unnecessary surgeries in benign cases. 
Hybrid PET/MRI will play a crucial role in future for evaluating nerve 
sheath tumours in NF1 patients by combining the pros of both the 
modalities.
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