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Abstract

Purpose The imaging discrimination between neurofi-

broma (NF) and malignant peripheral nerve sheath tumor

(MPNST) is clinically very important. The purpose of this

study is to define the criteria for the differential diagnosis

between NF and MPNST on MRI in neurofibromatosis 1

(NF1).

Methods A total of 37 patients with NF1, 18 NFs and 19

MPNSTs were evaluated by MRI at 1.5 T. Magnetic

resonance imaging (MRI) findings were compared using

univariate and multivariate analyses.

Results The MRI findings characteristic of MPNST

(p \ 0.05) were an irregular tumor shape (15/19 in

MPNST vs. 5/18 in NF), unclear margin (13/19 in MPNST

vs. 6/18 in NF), intra-tumoral lobulation (12/19 in MPNST

vs. 3/18 in NF), presence of high signal-intensity area on

T1-weighted images (T1WI) (12/19 in MPNST vs. 1/18 in

NF), no target sign (0/19 in MPNST vs. 12/18 in NF),

inhomogeneous enhancement on contract-enhanced T1WI

(17/18 in MPNST vs. 9/16 in NF) and a lower rate of

enhanced area (54% in MPNST vs. 87% in NF) were

critical indicators to differentiate MPNST from NF. A

multivariate analysis showed that intra-tumoral lobulation

and the presence of a high signal-intensity area on T1WI

were considered to be diagnostic indicators of MPNST.

The sensitivity and specificity for these two items were

63.2, 83.3, 63.2 and 87.5%, respectively.

Conclusion MRI shows features which were helpful for

differentiating MPNST from NF.

Keywords Neurofibroma �
Malignant peripheral nerve sheath tumor �
Neurofibromatosis 1 � Diagnosis � MRI

Introduction

Neurofibromatosis 1 (NF1) is an autosomal dominant dis-

ease, which has characteristic clinical features including

café-au-leit spots, skinfold freckling, iris Lisch nodules and

neurofibroma (NF) (Fortman et al. 2001; Ramanathan and

Thomas 1999; Weisss and Goldbulum 2008; Anonymous

1988; McGaughran et al. 1999). The diagnostic criteria

were formulated by the National Institutes of Health
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Consensus Development Statement in 1988 (Anonymous

1988).

NF, a benign tumor with typical histological features,

occurs in association with NF1. About 5–10% of patients

with NF-1 develop malignant peripheral nerve sheath

tumors (MPNST) which arise from plexiform neurofibro-

mas (PNF) and often have a poor prognosis (Weisss and

Goldbulum 2008; Jee et al. 2004; King et al. 2000;

Ramanathan and Thomas 1999; Korf 1999). The tumors

sometimes metastasize to the lung, brain, liver, bone soft

tissue, regional lymph nodes, skin and retroperitoneum

(Lawrence et al. 1987; Weisss and Goldbulum 2008).

There is a critical clinical dilemma in NF1 patients. The

histological demarcation between NF with atypical features

and a low-grade MPNST is very difficult for the patholo-

gists. In addition, in NF that have undergone malignant

transformation, areas of MPNST are commonly located

adjacent to areas of NF with a range of atypical features

(Weisss and Goldbulum 2008). Furthermore, making an

imaging differential diagnosis between NF and MPNST

with such complicated features is also difficult. The

uncertainty of diagnostic imaging in NF1 patients may

therefore lead to multiple operations for neurogenic tumors

and a delay in the diagnosis of malignant transformation

adversely affect the patients’ prognosis (Bhargava et al.

1997; Weisss and Goldbulum 2008). Therefore, the accu-

rate detection of MPNST is very important clinically.

Several investigators have discussed the problems of

radiologic diagnosis of MPNST in NF1 patients (Cardona

et al. 2003; Levine et al. 1987; Bhargava et al. 1997;

Mautner et al. 2003; Solomon et al. 2001; Kumar et al.

1983; Lee et al. 1997; Ferner et al. 2000; Otsuka et al.

2005; Bass et al. 1994; Coleman et al. 1983). Levine

et al. (1987) demonstrated that 67Ga scintigraphy appears

to be a promising screening technique to identify lesions

with malignant degeneration in patients with NF. Previous

reports have shown the findings of neurogenic tumors on

CT scans to correlate with the histopathological charac-

teristics of the tumors (Kumar et al. 1983; Bass et al.

1994; Coleman et al. 1983). Lee et al. (1997) revealed

that SPECT imaging with Ga-67 citrate, Tl-201 chloride

and pentavalent Tc-99 m dimercaptosuccinic acid (Tc-

99 m(V) DMSA) imaging may be a useful combination

for the initial detection of malignant transformation of

neurogenic tumors. However, all of these diagnostic

modalities have proven to have only limited value for the

detection of malignant transformation of neurogenic

tumors. The imaging criteria for distinguishing malignant

from benign neoplasms are therefore still not clearly

defined.

Various radiological techniques have been applied for

the detection and follow-up of soft-tissue tumors. Magnetic

resonance imaging (MRI) can effectively determine the site

and extent of the lesion and its relation to the surrounding

structures (Crim et al. 1992; Vanhoenacker et al. 2005;

Sakai et al. 1992; Hughes and Spillane 2000). However, the

usefulness of MRI in discrimination between NF and

MPNST has not yet been determined (Cardona et al. 2003;

Bhargava et al. 1997; Mautner et al. 2003). The purpose of

this study was to define the criteria of differential diagnosis

on MRI between NF and MPNST in NF1 patients.

Patients and methods

Patients and tumors

All of the patients fulfilled the diagnostic criteria of NF1.

NF1 was diagnosed according to the National Institutes of

Health Criteria (Anonymous 1988). A total of 37 NF-1

patients were enrolled (19 women and 18 men; age 14–

80 years: mean age 43 years) with neurogenic tumors in

the extremities or on the trunk (Table 1). The patients were

collected from three institutes with an orthopedic depart-

ment specialized in bone and soft-tissue sarcoma (Mie

university n = 30, National Hospital Organization Osaka

National Hospital n = 5, Osaka Medical Center for Cancer

and Cardiovascular Disease n = 2). Regarding the sites of

the evaluated tumors, 9 were the upper extremities, 15 the

lower extremities, 11 the trunks and 2 in the spine. All of

the patients were referred with the preliminary diagnosis

of a primary soft-tissue tumor on the basis of their clini-

cal symptoms and radiological examinations, either by

Gadolinium-enhanced MRI or contrast-enhanced CT.

Tissue samples were immediately collected from inci-

sion biopsied tissue (n = 5) or exercised tumor tissue

(n = 32) and were fixed for 24 h in 10% buffered formalin

solution and embedded in paraffin for histological analysis.

In all patients, the diagnoses were re-evaluated by the

histological examination of the specimens taken at incision

biopsy or surgical resection. All of the histological sections

were reviewed and categorized by two pathologists (K. U.,

T. M.). In the case that underwent a tumor excision, the rate

of necrotic or hemorrhagic area was microscopically

evaluated with the specimens from the maximum cut sur-

face. In the case that underwent an incision biopsy, they

were microscopically evaluated using the 4–5 specimens

taken from the various portion of the tumor.

An immunohistochemical analysis was performed using

the standard methods. MPNST was distinguished from NF

by the presence of high cellularity, mitoses and/or geo-

graphic area of necrosis (Bhargava et al. 1997; Weisss and

Goldbulum 2008). The histological diagnosis was NF in 18

and MPNST in 19. The details of the tumor histology and

clinical data of all of the enrolled patients were summa-

rized in Table 1.
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MRI and imaging data analysis

All images were obtained using a surface coil. The studies

were conducted within the guidelines of the research com-

mittees of this institution. Informed consent was obtained

from patients or their authorized guardians. MRI studies

were performed using 1.5-T MR units (Signa, GE Medical

Systems, Milwaukee, WI, USA: n = 30 and Magnetom H15

1.5T, Siemens, Munich, Germany: n = 7). MRI sequences

included T1-weighted imaging (T1WI) (TR/TE = 500 ms/

9 ms, matrix size = 256 9 192, excitations = 2), fast

spin echo T2WI with or without fat suppression (TR/

TE = 3,000 ms/90 ms, matrix size = 256 9 192, echo

train length = 8, excitations = 2) and contrast-enhanced

T1WI with or without fat suppression. MRIs were retro-

spectively reviewed by an experienced musculoskeletal

radiologist who was unaware of the surgical results (MM),

for the presence or absence of individual imaging criteria.

On all imaging sequences, the tumors were categorized as

homogeneous or heterogeneous and as low signal-intensity,

intermediate signal-intensity or high signal-intensity rela-

tive to skeletal muscle on T1WI and T2WI.

The tumor characteristics including tumor size, loca-

tion, tumor shape, appearance of margin, lobulation,

signal-intensity of T1WI, rate of high signal-intensity area

in T2WI, homogeneity on T2WI, target sign, homogene-

ity on gadolinium-enhanced images, an enhanced pattern,

the rate of the gadolinium-enhanced area, the intensity of

gadolinium-enhancement, capsular enhancement and cyst

formation were evaluated. Tumor size was defined by

measuring the maximum major axis on T2WI. Tumor

depth was defined by evaluating the relationship between

tumor and superficial fascia. The tumor locations were

categorized into four groups; upper extremities, lower

extremities, spine/paraspine and trunk. Tumor shape could

be categorized into three groups; namely, an irregular,

round/spindle and flat shape on T2WI. The characteristics

of the tumor margin were categorized on T2WI into two

groups; clear and unclear. ‘‘Unclear’’ was defined when

the tumor had infiltrated to the surrounding structures.

The lobulation was defined on T1WI and T2WI when

tumor was separated by fibrous septum forming a tumor

nodule. The presence of a high signal-intensity area was

determined on T1WI. The rate of high signal-intensity

area on T2WI was calculated using image analysis system

(IBM Clinical Information System-Image, IBM Japan,

Tokyo). Homogeneity on T2WI, presence of target sign

on T2WI and homogeneity on gadolinium-enhanced

images were also determined. Target sign was defined as

a hyperintense rim with centrally decreased intensity to

muscle on T2-weighted sequences (Bhargava et al. 1997).

The enhanced patterns were categorized into four pat-

terns: ring pattern, whole pattern, irregular pattern andT
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honeycomb pattern. The signal intensity of each lesion

after contrast enhancement was calculated in terms of

mean pixel values in a computer-drawn region of interest.

The region of interest was drawn to encompass the

maximum region of enhancement for each lesion as

determined on post-contrast images. Thereafter, the signal

intensity could be classified into three categories: strong,

middle, and weak. The intensity of gadolinium-enhance-

ment was classified into three categories; strong, middle

and weak. The rate of enhanced area after gadolinium

administration was calculated on T1WI using image

analysis system (IBM Clinical Information System-Image,

IBM). The presence of capsular enhancement was deter-

mined when either the capsule or the pseudo capsule was

enhanced after gadolinium administration. The presence

of intra-tumoral cyst formation was determined when the

rounded area was demonstrated as low to iso signal-

intensity area on T1WI and as very high signal-intensity

area on T2WI without any enhancement after gadolinium

administration.

Statistical analysis

For the univariate analysis, the chi-square test for inde-

pendence was used to detect significant differences in the

characteristics between NF and MPNST. When the number

of expectation values was less than 5, Fisher’s exact

probability test was used. If a variable was continuous

variants such as age, tumor size, the Mann–Whitney’s test

was employed. For the multivariate analysis of variables

which might be useful to distinguish between NF and

MPNST, a logistic regression analysis was used.

Table 2 Relationship between the imaging findings and histological

diagnosis

Clinical manifestation MPNST NF p value

Gender

Male 11 7 0.2476a

Female 8 11

Age 38.8 46.7 0.1812b

Tumor size

Mean (cm) 9.4 6.9 0.0674b

Depth

Deep 19 16 0.2297c

Superficial 0 2

Location

Upper extremities 6 3 0.1923a

Lower extremities 5 10

Spine/Parapsine 2 0

Trunk 5 6

Shape

Irregular 15 5 0.0201a

Round/spindle 3 10

Flat 1 3

Margin

Clear 6 12 0.0328a

Unclear 13 6

Lobulation

Lobulated 12 3 0.0069c

Unlobulated 7 15

High signal-intensity area on T1-weighted images

Yes 12 1 0.004c

No 7 17

Rate of high signal-intensity area on T2-weighted images

Mean 82.9 90.9 0.9014b

Homogenesity on T2-weighted images

Homogeneous 2 1 [0.9999c

Inhomogeneous 17 17

Target sign

Yes 0 12 \0.0001c

No 19 6

Homogenesity on CE -T1-weighted images

Homogeneous 1 7 0.0145c

Inhomogeneous 17 9

Enhanced pattern

Ring 14 6 0.0548a

Whole 1 7

Irregular 2 2

Honeycomb 1 1

Rate of enhanced area (%)

Mean 53.75 86.5 0.0006b

Table 2 continued

Clinical manifestation MPNST NF p value

Intensity of enhancement

Strong 7 7 0.4279a

Middle 9 5

Weak 2 4

Capsular enhancement

Yes 13 14 0.4054c

No 5 2

Cyst formation

Yes 4 3 [0.9999c

No 15 15

a v2 test for independence
b Mann–Whitney’s Test
c Fisher’s exact probability test
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When the relationship between the rate of gadolinium-

enhanced area or the presence of high signal-intensity area

and the microscopic findings in the surgical specimens was

assessed, Spearman’s rank correlation was employed. A p

value less than 0.05 was considered to indicate a statisti-

cally significant difference. All these univariate and

multivariate analyses were performed using the StatView

statistical software program (version 5.0; SAS Institute Inc.

Cary, North Carolina).

Results

First, all MRI of the neurogenic tumors of 37 NF1 patients

were examined and the following imaging characteristics

were assessed: including the tumor size, tumor location,

tumor shape, appearance of tumor margin, presence of

intratumoral lobulation, signal-intensity on T1WI, rate of

high signal-intensity area on T2WI, homogeneity on T2WI,

target sign, homogeneity on gadolinium-enhanced images,

an enhanced pattern, rate of gadolinium-enhanced area,

intensity of enhancement, capsular enhancement and cyst

formation. Next, a pathologist (K. U., T. M.) re-examined

all specimens and re-evaluated the histological diagnosis.

There were no discrepancies between the initial histologi-

cal diagnosis and the re-evaluated diagnosis (Table 1).

Then the relationships between the MRI findings and his-

tological diagnosis we analyzed (Table 2).

There were significant differences (p B 0.05) between

MPNST and NF in the following MRI findings: an irregular

tumor shape (79% [15/19] in MPNST vs. 28% [5/18] in

NF), unclear margin (68% [13/19] in MPNST vs. 33%[6/

18] in NF), intra-tumoral lobulation (63% [12/19] in

MPNST vs. 17% [3/18] in NF), presence of high signal-

intensity area on T1WI (63% [12/19] in MPNST vs. 6% [1/

18] in NF), no target sign (0% [0/19] in MPNST vs. 67%

[12/18] in NF), inhomogeneous enhancement on contract-

enhanced T1WI (94% [17/18] in MPNST vs. 56% [9/16] in

NF) and a lower rate of enhanced area (54% in MPNST vs.

87% in NF), and these MRI findings were significant

indicators to differentiate MPNST from NP (Fig. 1).

Analysis of gender, age, tumor size, depth, location, rate of

high signal-intensity area on T2WI, homogeneity on T2WI,

an enhanced pattern, intensity of enhancement, capsular

enhancement and cyst formation did not show any significant

association with the presence or absence of malignancy.

Fig. 1 Microscopic findings and MRI of a 44-years-old male (no. 36)

with typical MPNST are demonstrated. a Microscopic findings

showed proliferation of spindle cells with nuclear pleomorphism and

mitosis (closed arrow). b About 40% of the area of the cross-section

showed massive necrosis with hemorrhage. c–e MRI showed the

following indicators to differentiate MPNST from NF: an irregular

tumor shape, unclear margin (open arrow), presence of intra-tumoral

lobulation (closed triangle), presence of high signal-intensity area on

T1-weighted images (open triangle), no target sign, nohomogeneous

enhancement on contract-enhanced T1-weighted images and a lower

rate of enhanced area (c T1-weighted spin-echo image, TR500/TE8, d
fat-suppressed T2-weighted spin-echo image, TR4000/TE81, e fat-

suppressed gadolinium-enhanced T1- weighted spin-echo image,

TR516/TE16)
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To confirm the reliability of the interpretation of MRI,

the relationship between the rate of gadolinium-enhanced

area and the rate of microscopic necrotic area were assessed

in the surgical specimens. The rate of the gadolinium-

enhanced area on T1WI showed significant negative

correlation to the rate of microscopic necrotic area

(Spearman’s rank correlation: p \ 0.0001) (Fig. 2). These

results indicate that gadolinium-enhanced MRI correctly

reflected the extent of microscopic necrosis.

Next, a multivariate analysis was performed to examine

the independent factors useful for differential diagnosis

between NF and MPNST. A logistic regression analysis was

employed. Thereafter, the presence of intratumoral lobula-

tion and the presence of high signal-intensity area on T1WI

were found to be diagnostic characteristic of MPNST in

order to differentiate it from NF (Table 3). The sensitivity

and specificity for these two items were 63.2% (12/19),

83.3% (15/18), 63.2% (12/19) and 87.5% (7/8), respectively.

Finally, to confirm the cause of the presence of the high

intensity area on T1WI in MPNST, the histological spec-

imens we examined in detail and the relationship between

the presence of a high signal-intensity area on MRI and rate

of hemorrhagic area were assessed in the specimens. As a

result, the presence of high intensity area was correctly

related to the rate of hemorrhagic area (Spearman’s rank

correlation: p \ 0.0001) (Fig. 3). This result suggests that

a high signal-intensity area on MRI thus reflects the pres-

ence of intratumoral hemorrhaging.

Discussion

NF in NF1 patients involving major nerves should be

treated conservatively because a complete tumor resection

may lead to a major neurological deficit which thus disrupts

the patient’s routine. About 5–10% of patients with NF1

develop MPNST which forms plexiform NF and often

leads to a poor prognosis (Weisss and Goldbulum 2008;

Anonymous 1988; Jee et al. 2004; King et al. 2000;

Ramanathan and Thomas 1999; Korf 1999). Therefore, it is

extremely important to accurately detect the malignant

transformation as soon as possible in NF1 patients. This

malignant transformation is suspected when clinical fea-

tures such as pain, increasing of tumor size and development

of neurological symptoms occur (King et al. 2000;

Ramanathan and Thomas 1999; Korf 1999; Weisss and

Goldbulum 2008), but these findings can also be observed in

benign lesions (Ferner et al. 2000; Weisss et al. 2008).

There are some limited reports which have previously

attempted to differentiate MPNST from benign lesions by

MRI. Levine et al. indicated that MRI could not generally

distinguish malignant from benign lesions after an exami-

nation of symptomatic neoplasm (three benign and five

malignant) (Levine et al. 1987). However, this study has

some limitations in regard to the fact that gadolinium-

contrast enhancement was not performed. In a small cohort

study, Mautner et al. (2003) indicated that the development

of the malignant tumors was detected because of imaging

changes, with inhomogeneous contrast enhancement.

However, there are still no generally accepted imaging

criteria for distinguishing malignant from benign neo-

plasms in the neurogenic tumors of NF1 patients.

The present series showed that an irregular tumor shape,

unclear margin, presence of intra-tumoral lobulation,

presence of high signal-intensity area on T1WI, no target

sign, inhomogeneous enhancement on contract-enhanced

T1WI and a lower rate of enhanced area were critical

indicators to differentiate MPNST from NF. These results

indicate that a careful examination of MRI may be able to

reduce performance of unnecessary surgery in NF1

patients.

An irregular tumor shape was more frequently observed

in MPNST than in NF (15/19 in MPNST vs. 5/18 in NF). An

irregular tumor shape is one of the most critical

Fig. 2 The relationship between the rate of the enhanced area (%) on

gadolinium-enhanced T1-weighted images and the rate of the

microscopically necrotic area (%). The rate of the gadolinium-

enhanced area on T1-weighted images showed a significant negative

correlation to the rate of microscopic necrotic area (Spearman’s rank

correlation: p \ 0.0001)

Table 3 Results of a logistic regression analysis of factors which

predict MPNST in NF1 patients on MRI

Variable OR 95% CI p value

Lobulation

NF 1 1.2–48.0 0.031

MPNST 2

High signal-intensity area on T1-weighted images

NF 1 2.5–277.5 0.006

MPNST 3.3

OR Odds ratio, NF neurofibroma, MPNST malignant peripheral nerve

sheath tumor, NF1 neurofibromatosis 1
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characteristics suggestive of malignant soft-tissue tumors

(Crim et al. 1992; Kransdorf et al. 1989). Crim et al. (1992)

evaluated the ability to distinguish benign from malignant

soft-tissue masses with MRI and demonstrated that most

malignant masses have irregular or partially irregular mar-

gins. Irregular shape in malignancy is resulting from the

unsynchronized cell growth with invasive characteristics.

An unclear margin was also more common character-

istic in MPNST than in NF (13/19 in MPNST vs. 6/18 in

NF), which was consistent with a previous report (Levine

et al. 1987). An unclear margin may be due to infiltration of

the tumor to the surrounding tissue.

The intra-tumoral lobulation that was observed in 12 of

19 MPNST and 3 of 18 NF is considered to be the result of

a network-like growth of NF involving multiple fascicles

of a nerve and multiple branches of a large nerve, leading

to a diffuse mass of thickened nerves (Korf 1999). Intra-

tumoral lobulation is one of the characteristics of PNF

(Korf 1999; Weisss and Goldbulum 2008). King et al.

(2000) indicated that 64% of MPNST occurred in the

patients with a previous history of preexisting PNF. This

suggests that MPNST retains the similar histological

architecture which can be detectable by MRI, thus

reflecting the origin of MPNST.

The presence of high signal-intensity area on T1WI (12/

19 in MPNST vs. 1/18 in NF) was also critical indicator to

diagnose MPNST. On T1WI of MRI, a high intensity area

usually means the presence of fat tissue or a hemorrhagic

area, although MR findings of a hemorrhagic area depends

on methemoglobin, hemosiderin, oxyhemoglobin, deoxy-

hemoglobin (Vanhoenacker et al. 2005). To confirm the

cause of the presence of a high intensity area on T1WI in

MPNST, the histological specimens we examined in detail

and this demonstrated that the presence of a high intensity

area was correctly related to the rate of hemorrhagic area.

Therefore, a high intensity area on MRI indicates an in-

tratumoral hemorrhage which is a property of malignancy.

A target sign on T2WI with a rim of high signal

peripherally and low signal centrally is characteristic sign

of a neurogenic tumor (Weisss and Goldbulum 2008).

Previous studies indicate that a target sign on T2WI cor-

responds pathologically to central fibrocollagenous tissue

and peripheral predominantly myxoid tissue (Sakai et al.

1992). In the present study, target sign was observed in

0/19 (0%) of MPNST and in 12/18 (67%) of NF, which

was consistent with a previous study indicating that a target

sign was seen in all 12 NF and 1 of the 11 MPNST

(Bhargava et al. 1997). Namely, no target sign on T2WI is

helpful in differentiating MPNST from NF.

MPNST in patients with NF1 frequently showed inho-

mogeneous enhancement on contract-enhanced T1WI (17/

18 in MPNST vs. 9/16 in NF), which was consistent with a

previous study (Mautner et al. 2003). This lack of homo-

geneity is due to necrosis and hemorrhage as shown on

microscopic examinations. The development of the

malignant tumors can be detected because of imaging

changes, inhomogeneous contrast enhancement.

MRI following the administration of intravenous con-

trast materials improves contrast resolution in evaluation of

soft-tissue tumors (Benedikt et al. 1994). Imaging follow-

ing contrast is particularly important with masses that have

high water content (cyst vs. myxoid neoplasm) or are

composed of prominent necrotic/hemorrhagic foci allowing

identification and differentiation of these regions from

enhancing solid cellular tissue (van der Woude et al. 1998).

The rate of an enhanced area in MPNST was statistically

lower than in NF (54% in MPNST vs. 87% in NF).

Moreover, the rate of a gadolinium-enhanced area on

T1-images showed significant negative correlation to the

rate of microscopic necrotic area as shown in the previous

CT-based study (Coleman et al. 1983). This result indicates

that gadolinium-enhanced MRI correctly reflected the

extent of microscopic intratumoral necrosis in neurogenic

tumor of NF1 patients.

In the present study, a multivariate analysis showed that

intra-tumoral lobulation and the presence of a high inten-

sity area on T1WI were differential diagnostic

characteristics of MPNST from NF. Therefore, the sensi-

tivity and specificity were calculated. The sensitivity and

specificity of intratumoral lobulation were 63.2% (12/19)

and 83.3% (15/18), respectively. The sensitivity and

specificity of the presence of high intensity area on T1WI

were 63.2% (12/19) and 87.5% (7/8), respectively. These

results suggest that the MRI findings were helpful for

differentiating MPNST from NF in NF1 patients. However,

Fig. 3 The relationship between the presence of a high signal-

intensity area on MRI and the rate of hemorrhagic area. The presence

of a high intensity area was closely related to the rate of hemorrhagic

area (Spearman’s rank correlation p B 0.0001). Open circle, neuro-

fibroma; closed circle, malignant peripheral nerve sheath tumor
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no single finding or group of findings allowed the definitive

diagnosis of either.

The limitations of this study include that the reviewers

of the MRI were aware that all patients had a pathologi-

cally confirmed MPNST or NF, which may have increased

the sensitivity for detecting each of the MRI findings.

Therefore, further investigation is needed.

In conclusion, the goal of this study was to define the

criteria of differential diagnosis between NF and MPNST

on MRI in NF1 patients. MRI findings suggestive of

MPNST were: an irregular tumor shape, unclear margin,

intra-tumoral lobulation, presence of high signal-intensity

area on T1WI, no target sign, inhomogeneous enhancement

on contract-enhanced T1WI and a lower rate of enhanced

area. Since NF with atypical features may undergo

malignant transformation to a MPNST, careful interpreta-

tion of MRI regarding these imaging characteristics

suggesting malignant transformation are therefore recom-

mended, to avoid any unnecessary surgical intervention.

MRI showed features helpful for differentiating MPNST

from NF, although no single findings or combination of

findings allowed absolute differentiation. To the best of our

knowledge, this is the first report to define the imaging

criteria of MPNST on MRI in NF1 patients.
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