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Abstract: Neurofibromatosis type 1 (NF1) is an autosomal dominant disease caused by the
mutation of the tumour suppressor gene NF1 located on chromosome 17q11.2, occurring in
approximately 1 in 2000-2500 people. The diagnosis of NF1 is made according to the
presence of two or more diagnostic criteria of the National Institute of Health Consensus
Development Conference. We present six cases of NF1 with neck and thoraco-abdominal
involvement that we studied with MRI. The patients we present in this case series are
asymptomatic and have in common the presence of multiple neurofibromas ubiquitously
distributed in various body districts, including nerve roots, mediastinum, abdominal cavity,
skin and subcutaneous tissue. Currently, there are no clear indications on the use of imaging
in the diagnosis and follow-up of patients with NF1, although there is increasing evidence of
the usefulness of imaging techniques and in particular of MRI. MRI with DWI and ADC
mapping is a technique that should be proposed as a new standard of care for patients with
NF1 since it can be used to distinguish a benign from a malignant tumour in relation to
tumour size and ADC map values.

Keywords: neurofibromatosis 1, neurofibroma, plexiform neurofibroma, nerve sheath

tumour, magnetic resonance imaging

Introduction

Neurofibromatosis type 1 (NF1) is the most common of the phacomatoses,'*
occurring in approximately 1 in 2000-2500 people.®>® It is an autosomal dominant
disease caused by the mutation of the tumour suppressor gene NF1 located on
chromosome 17q11.2.° In about 50% of cases the disease arises as a de novo
mutation.'> It has complete penetrance and variable expression.’

NF1 is a multisystem disease characterized by involvement of the central and
peripheral nervous system (optic gliomas, spinal and peripheral nerve neurofibro-
mas, neurological or cognitive impairment, malignant tumours of the nerve sheath)
and extra-neurological manifestations (café-au-lait spots, skinfold freckling, Lisch
nodules, bone lesions, pheochromocytoma, etc.).>”'® Neurofibromas can be
divided into three types: localized, diffuse and plexiform. Localized neurofibromas
usually present as a focal mass with well-defined margins that involve a single
nerve fascicle.” ' Diffuse neurofibromas have a plaque-like appearance associated
with thickened skin, with poorly defined margins that develops in the subcutaneous
fat and infiltrates the connective septa.'* Plexiform neurofibromas are composed of
the same cell type as other neurofibromas, with a more represented extracellular
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matrix, greater vascularity and they develop along a nerve
and may involve multiple nerve fascicles.> About 10% of
patients with multiple neurofibromatosis develop malig-
nant peripheral nerve sheath tumours (MPNSTs)."”

MPNST may originate de novo or more frequently
from a pre-existing plexiform neurofibroma that undergoes
sarcomatous transformation.’

The diagnosis of NF1 is made according to the presence
of two or more diagnostic criteria of the National Institute of
Health Consensus Development Conference.”'!

We present six cases of NF1, studied with MRI, with
different sites of neck and thoraco-abdominal involvement.
MRI with DWI and ADC mapping is a technique that
should be proposed as a new standard of care for patients
with NF1 since it can help to distinguish a benign from
a malignant tumour in relation to tumour size and ADC

map values.'®!”

Ethics Statement

The patients provided written informed consent for pub-
lication of their case reports and accompanying images.
This study was conducted in accordance with the
Declaration of Helsinki and was accepted by the Ethics
Committee of our Institution, Foundation IRCCS Ca’
Granda Maggiore Policlinico Hospital.

Case Series

Case |
We present the case of an asymptomatic 30-year-old man
with diagnosis of Neurofibromatosis type 1 (NF1), sus-
pected in early childhood due to the presence of café-au-
lait spots and confirmed after multiple cutaneous tumours
appeared.

He underwent different imaging diagnostic exams that
demonstrated multiple localizations of neurofibromatosis
at basicranium, neck, in the nerve root canal along the
entire extension of the spinal column and in abdominal
and pelvic cavities.

The periodic annual follow-up MRI showed the presence
of numerous, diffuse subcutaneous, intramuscular neurofi-
bromas with neurofibromas that also involved the lumbar,
celiac and superior mesenteric ganglia, the iliac plexuses and
the obturator nerves bilaterally and the rectal plexuses.

In axial T2-weighted sequences, neurofibromas show
inhomogeneous hyperintense appearance (Figure 1A and B).

Axial Tl-weighted images show low signal intensity
(Figure 1C and D) of the masses, which have faint

enhancement in post-contrast T1-weighted sequences
(Figure 1E and F).

In this context, in the left para-aortic retroperitoneal
space there is a solid lesion which is referable to
a retroperitoneal malignant peripheral nerve sheath tumour
(MPNST) with inhomogeneous T1 pre-contrast appear-
ance with extensive spots of hyperintensity of likely hae-
1C) and
appearance also in T2 sequence (Figure 1A); some por-

morrhagic nature (Figure inhomogeneous
tions of this lesion show hyperintense signal in DWI
sequence (Figure 1G) with an ADC value <1.0 x 107
mm?*/s on ADC map (Figure 1H).

This lesion shows a faint and predominantly peripheral
enhancement in T1-weighted
(Figure 1E).

About 10% of patients with multiple neurofibromatosis

post-contrast image

develop MPNSTs, which may originate de novo or more
frequently from a pre-existing plexiform neurofibroma that
undergoes sarcomatous transformation.

Case 2

The second case is represented by a 29-year-old man with
NF1, diagnosed at the age of 2 due to the presence of
diffuse cafe-au-lait spots and a sacral neurofibroma, asso-
ciated with right convex thoracic scoliosis.

Over the years, there was evidence of progression of
the disease with the appearance of multiple subcutaneous
neurofibromas, a plexiform neurofibroma in the gluteal
region and in the auricle of the right ear and other similar
masses at the conjugate foramina of the dorsal and lumbar
metameres, without significant spinal canal involvement or
spinal cord compression.

In particular, the man underwent an MR of the thorax
to assess an already known voluminous expansive neuro-
fibroma localized in the left paravertebral dorsal site, from
the fourth thoracic vertebral body to the ninth, closed to
the descending thoracic aorta.

In axial pre-contrast T1-weighted image, the left para-
vertebral lesion is iso-hypointense (Figure 2A), with faint
enhancement in post-contrast T1 sequence (Figure 2B). In
the axial fat-saturated T2-weighted image (Figure 2C) and
True Fast Imaging with steady-state free precession
(TRUFI) sequence (Figure 2D), it has an inhomogeneous
high signal intensity; the coronal TRUFI sequence shows
the cranio-caudal extension of the lesion, from a plane
passing at the level of the posterior arch of the second
rib to the subcarinal region. The lesion is very near to the
descending thoracic aorta (Figure 2E).
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Figure | A 30-year old man affected by Neurofibromatosis | with multiple diffuse neurofibromas in the upper and lower abdomen (yellow arrows) and a malignant
peripheral nerve sheath tumour (MPSNT) in the left para-aortic retroperitoneum (asterisks). Neurofibromas show inhomogeneous hyperintense appearance in axial T2-
weighted sequences (A, B), low signal intensity in axial Tl-weighted images (C, D), with faint enhancement in post-contrast T|-weighted sequences (E, F). The
retroperitoneal MPNST shows inhomogeneous appearance in T2 and pre-contrast Tl sequences (A, C) and a faint and predominantly peripheral enhancement in post-
contrast T|-weighted image (E). Some portions of this lesion show hyperintense signal in DWI sequence (G) with an ADC value <1.0 x 10> mm%s on ADC map (H).
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Figure 2 A 29-year old man with Neurofibromatosis | with multiple thoracic neurofibromas. Images show a voluminous left paravertebral lesion (yellow arrows) which is
iso-hypointense in pre-contrast T| image (A), with faint enhancement in post-contrast T| sequence (B). In axial fat-saturated T2-weighted sequence (C) and True Fast
Imaging with steady-state free precession (TRUFI) image (D), it has an inhomogeneous high signal intensity. Coronal TRUFI sequence shows the cranio-caudal extension of
the lesion (E). In post-contrast coronal fat-saturated TI|-weighted image the aorta is pervious and of regular calibre (F). Axial fat-saturated T2-weighted image shows

multiple neurofibromas of the chest wall (yellow arrowheads) (C).

In coronal post-contrast T1-weighted image, the aorta
is pervious and of regular calibre (Figure 2F).

Additional neurofibromas were observed in the bilat-
eral paravertebral regions, along the costovertebral joints,

in the context of the intercostal and pectoral muscles
(Figure 2C).

Case 3

This case deals with a 44-year-old man with known NF1,
with a family history of NF1 and multiple manifestations
diffuse
freckles, multiple neurofibromas on the trunk, face and in

of the disease, including cafe-au-lait spots,

the neck region.
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The patient underwent MRI of the neck which showed
multiple lobulated, solid formations.

In particular, a lesion is observed in the right postero-
lateral pharynx (Figure 3A-C) with compression on the
right posterior-lateral wall of the oropharynx, larynx and
on the hypopharynx.

Another similar voluminous lesion is observed in the
right latero-cervical region (Figure 3D-G); it is polylobate
and apparently formed by the confluence of several round
foci, which extend into the upper mediastinum (Figure 3D)
and compress the right internal jugular vein which is
regularly opacified (Figure 3G).

A further lesion is found in the left anterolateral sub-
cutaneous adipose tissue, at the middle third of the neck,
anterior to the sternocleidomastoid muscle.

All of the above formations are characterized by iso-
intense signal in T1-weighted sequences (Figure 3A and
D), marked hyperintensity in T2-weighted sequences
(Figure 3B, E, F); in axial post-contrast T1 image the
abovementioned lesions show faint enhancement (Figure
3G). The lesion in the right postero-lateral pharynx shows
hyperintense signal in diffusion-weighted (DW) sequences
(Figure 3C), with ADC value greater than 1.0 x1.0 x 10>
mm?/s.

All the abovementioned lesions are referable to
neurofibromas.

Case 4

We present the case of a 50-year-old, osteopenic woman,
with a diagnosis of NF1 in adolescence, due to the pre-
sence of diffuse cutaneous neurofibromas on the trunk and
limbs.

The patient underwent previous surgery for the
removal of neurofibromas in the right forearm, lip, and
gluteus.

At the age of 41, she was diagnosed with relapsing-
remitting multiple sclerosis after showing persistent par-
esthesia of the hands.

The periodic follow-up MRI demonstrated the appear-
ance of two solid, polylobate masses, with well-defined
margins, in the right hypochondrium.

Axial T2-weighted image shows an inhomogeneous
high signal intensity of the lesions (Figure 4A), which
demonstrate hyperintense signal in axial diffusion-
weighted (DW) sequence (Figure 4B), with ADC value
greater than 1.0 x 10~ mm?s.

In axial pre-contrast T1-weighted image, the lesions
appear isointense to the muscle (Figure 4C) and show

early enhancement in axial T1-weighted post-contrast
image (Figure 4D).

Case 5

This is the case of a 20-year-old woman affected by NF1,
diagnosed eight years earlier, due to the presence of cafe-
au-lait spots. No relevant clinical conditions or hospitali-
zations occurred.

She underwent an MR, after the detection of solid
lesions at ultrasound examination, in the axillary and lat-
eral cervical region.

MRI shows several bilateral, ovoid, contiguous solid
masses along the course of the vagus nerve in the neuro-
vascular bundle of the neck up to a plane passing through
the upper mediastinum. Coronal T2-weighted MR images
demonstrate a homogeneous high signal intensity of the
masses, compatible with neurofibromas due to signal
intensity, the location and course (Figure SA and B). The
lesions appear isointense to the muscle in axial T1-
weighted images.

Another
detected along the course of the left accessory nerve,

separate ovoid polylobate formation is

with high signal intensity in axial T2-weighted image
(Figure 5C), low signal intensity to the muscle in fat-
saturated axial pre-contrast T1-weighted image (Figure
5D). Axial ADC map (Figure 5E) shows ADC value
greater than 1.0 x 10> mm®%s. This lesion is compatible
with a plexiform neurofibroma.

Case 6

We present the case of a 36-year-old man with a family
history of NF1, whose mother died at the age of 37 from
a malignant peripheral nerve sheath tumour (MPNST). He
presented with cafe-au-lait spots, freckles in the armpits
and diffuse neurofibromas in the subcutaneous adipose
tissue, in the right brachial plexus, in the paravertebral
and lateral cervical regions.

The patient underwent previous surgery for the
removal of several neurofibromas. An abdominal MR
demonstrates the presence of multiple neurofibromas, dif-
fusely localized both in the muscles and in the intra-
abdominal cavity with an inhomogeneous high signal
intensity of the masses in the axial T2-weighted images.
In axial T1-weighted MR images, the masses appear iso-
intense to the muscle and show heterogeneous enhance-
ment in axial T1-weighted post-contrast images (Figure
6B and D).
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Figure 3 A 44-year-old man with Neurofibromatosis | (NFI) and family history of NFI. Images show a lesion in the right postero-lateral pharynx (yellow arrows),
isointense in Tl-weighted sequence (A), hyperintense in T2-weighted sequence (B) and in diffusion-weighted (DW) sequence (C) with ADC value greater than 1.0 x 1073
mm?s. In the right lateral-cervical region, a plexiform neurofibroma with “bag of worms” appearance is present (yellow arrowheads) (F), with isointense signal in T1-
weighted sequence (D), hyperintense in T2-weighted sequence (E) and with faint enhancement in post-contrast axial fat-saturated T|-weighted sequence (G).

In the upper abdominal cavity, the largest lesion is
located caudally to the right kidney (Figure 6A and B)
while in the pelvis, the biggest one is appreciable in the

median line, just above the sacral promontory (Figure

46 submit your manuscript
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6C and D). Of the intramuscular lesions, the greatest one

is detected in the context of the left psoas (Figure 6C and

D). The lesions show suspicious features and should be
monitored closely.
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Figure 4 A 50-year-old woman affected by Neurofibromatosis | with two solid polylobate neurofibromas with well-defined margins in the right hypochondrium (yellow
arrows). Axial T2-weighted image shows an inhomogeneous high signal intensity of the lesions (A), with hyperintense signal in axial diffusion-weighted (DW) sequence (B)
and an ADC value greater than 1.0 x 10~ mm?s. In axial T| pre-contrast image, the lesions appear isointense to the muscle (C) and show early enhancement in axial T1-

weighted post-contrast image (D).

Discussion

Neurofibromatosis type 1 (NF1) is an autosomal dominant
disease caused by a mutation or microdeletion of the tumour
suppressor gene NF1 located on chromosome 17q11.2.2

According to National Institutes of Health Consensus
Development Conference statement, the diagnostic cri-
teria are the presence of two or more of the following
features:

- Six or more café-au-lait spots over 5 mm in greatest
diameter in pre-pubertal individuals and over 15 mm in
greatest diameter in post-pubertal individuals.

- Two or more neurofibromas of any type or one plexi-
form neurofibroma.

- Freckles in the axillary or inguinal regions.

- Optic glioma.

- Two or more Lisch nodules. (iris hamartomas)

- A distinctive osseous lesion such as sphenoid dyspla-
sia or thinning of long bone cortex with or without
pseudarthrosis.

- A first-degree relative (parent, sibling, or offspring)
with NF1 by the abovementioned criteria.'®'?

Genetic analysis to characterize NF1 mutation is feasible,
and is used to confirm a clinical diagnosis or to set up
prenatal diagnosis or preimplantation genetic diagnosis.
Currently, few genotype—phenotype correlation are known.®

A hallmark of NF1 is represented by neurofibromas,
benign tumours (WHO grade I) of peripheral nerve sheaths
made up of different types of cells such as Schwann cells,
fibroblasts, mast cells and macrophages.'® Neurofibromas can
be located in any part of the body (viscera and superficial and
deep soft tissues), along the course of the peripheral

nerves. 10,14
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Figure 5 A 20-year old woman affected by Neurofibromatosis | with several ovoid bilateral contiguous neurofibromas along the course of the vagus nerve, rope-like in
appearance (yellow arrows). Coronal T2-weighted images demonstrate a homogeneous high signal intensity of the masses (A, B). A plexiform neurofibroma is present along
the course of the left accessory nerve (yellow arrowheads) with high signal intensity in axial T2-weighted image (C), low signal intensity in axial fat-saturated pre-contrast T |
image (D). Axial ADC map (E) shows ADC values greater than 1.0 x 10> mm?s.

Neurofibromas can be divided into three types: loca-

lized, diffuse and plexiform.

e Localized neurofibromas usually present as a focal

mass with well-defined margins that involve
a single nerve fascicle.”'> In MRI, the presence
of a“tail sig” suggests its neurogenic origin
whereas the presence of a“target sig”, characterized
by a T2 hyperintense peripheral region of myxo-

matous tissue and a T2 hypointense central region

of fibro-collagen tissue, suggests the diagnosis of
neurofibroma.'®'”

Diffuse neurofibromas have a plaque-like appearance
associated with thickened skin; it is a lesion with
poorly defined margins that develops in the subcuta-
neous fat and infiltrates the connective septa.'*
Plexiform neurofibromas are composed of the same
cell type as other neurofibromas, but they have
a more represented extracellular matrix and greater

vascularity.’ They develop along a nerve and may
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Figure 6 A 36-year-old man with a family history of Neurofibromatosis | with multiple neurofibromas. Scattered lesions can be seen in the subcutaneous soft tissue, in the
muscles, and within the intra-abdominal cavity. One neurofibroma is located caudally to the right kidney (yellow arrows (A, B)); a second neurofibroma is localized above
the sacral promontory (yellow arrowheads (C, D)); a third neurofibroma is located in the left psoas (white arrows (C, D)). The lesions show heterogeneous enhancement

in axial post-contrast T| images (B, D).

involve multiple nerve fascicles. Macroscopic appear-
ance can be rope-like if it involves a main nerve or can
resemble a bag of worms if it extends widely along
nerve branches.'® Any compression on the surrounding
structures can cause functional impairment.

About 10% of patients with multiple neurofibromatosis
develop malignant peripheral nerve sheath tumours
(MPNSTs)."?

MPNST may originate de novo or more frequently
from a pre-existing plexiform neurofibroma that undergoes
sarcomatous transformation.’

Therefore, it would be advisable to increase the surveil-
lance of patients with NF1 and plexiform neurofibromas to
diagnose any malignant transformation as soon as possible.

The clinical suspicion of malignant transformation of
a plexiform neurofibroma arises from rapid increase in

growth, change in consistency, the onset of persistent
pain and neurological deficits.>"°

The standard of care for the management and follow-
up of patients with neurofibromatosis consists of an annual
physical examination and the treatment of symptomatic
manifestations.?’

Currently, there are no clear indications on the use of
imaging for diagnosis and follow-up of patient with neu-
rofibromatosis, although there is increasing evidence of the
usefulness of imaging techniques and in particular of MRI
in these cases.'®'”

MRI can be localized or whole body. The localized
MRI (with or without intravenous contrast administration)
can be used to identify neurofibromas in a symptomatic
patient, to evaluate the characteristics of benignity or
malignancy, its extension and the anatomical relationship

with the surrounding structures for a possible surgical

Reports in Medical Imaging 2021:14
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removal. Whole-body MRI (WB-MRI) is useful for asses-
sing tumour burden in a single session.”” An additional
advantage is that WB-MRI can be completed with
a typical scan time of 45-60 minutes on both 1.5T and
3.0T systems and uses the same protocols for patients of
all ages. Variable approaches have been used for WB-MRI
acquisition and image analysis in NF.%'

According to Fayad et al, the WB-MRI protocol con-
sists of TIl-weighted sequences volume interpolated
breath-hold examination (VIBE) (TR/TE = 0.88/2/43 ms,
field of view = 50 x 50 cmz, matrix = 256 x 256, slice
thickness = 2 mm), short tau inversion recovery (STIR,
TR/TE = 6640/84 ms, field of view = 50 x 50 cmz, matrix
= 256 x 256, slice thickness = 2 mm with interpolation),
and quantitative DWI (TR/TE = 4100/70 ms, b = 50, 400,
800 s/mm2, field of view = 50 x 50 cmz, averages = 4,
acceleration factor = 2, slice thickness = 5 mm, bandwidth
= 1900 kHz, phase encode lines = 24, echo spacing =
0.64-0.88) with ADC mapping. Subsequently,
a postcontrast T1 weighted sequence (VIBE, TR/TE =
0.88/2/43 ms, FOV = 50 x 50 ¢cm?, matrix = 256 x 256,
slice thickness = 2 mm) after intravenous contrast agent
administration.*?

In our cases, the different body districts were analyzed
separately, using the same protocol for all the districts.
The following sequences were performed: a T2 motion
insensitive multi-shot Turbo Spin Echo (TSE) (BLADE)
with and without fat-saturation (TR/TE: 5000 ms/100 ms;
field of view: 38 x 46.3 cm?; flip angle: 140; slice thick-
ness = 7 mm), T1 in-phase and out-of-phase (TR/TE: 150
ms/2.38 ms; field of view: 42 x 48 cm?; flip angle: 140;
slice thickness = 5 mm), T1 Turbo-Spin-Echo (TSE) (TR/
TE: 610/20; field of view: 38 x 46.3 cmz; flip angle: 140;
slice thickness = 5 mm), and quantitative DWI (TR/TE =
5400 ms/76ms, b = 50, 400, 800 s/mm>, field of view = 50
x 50 cm?, slice thickness = 7 mm) with ADC mapping.
Finally, a T1 volume interpolated breath-hold examina-
tion (VIBE) was obtained before and after intravenous
administration of contrast agent (TR/TE: 4 ms/1.5 ms;
field of view: 40 x 45 cm?; flip angle: 10; slice thickness
= 3 mm).

The specificity and sensitivity in identifying malignant
and premalignant lesions can be increased by functional
MRI and metabolic (18F-fluorodeoxyglucose positron
emission tomography/computed tomography FDG-PET
/CT) investigations.’

In localized MRI, an average diameter of the lesion
>4.2 ¢cm and an ADC < 1.0 x 10> mm?/s were useful cut-

off values for diagnosing malignancy, with 100% of sen-
sitivity as neurofibromas usually have an ADC value >1.0
x 1072 mm?%/s."”

Similarly, whole-body MRI with DWI and ADC map-
ping can be used to distinguish a benign from a malignant
tumour (which requires biopsy and possible excision) in
relation to tumour size and ADC map values.'’

Although FDG-PET/CT is currently considered the
most accurate method to identify a MPNST,” whole-body
MRI with DWI and ADC mapping is an alternative tech-
nique that should be proposed as a new standard of care

for patients with NF type 1.2

Conclusion

We presented six cases of patients with NF1, who under-
went MRI, showing different sites of neck and thoraco-
abdominal involvement and their main MRI features.
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