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ORIGINAL RESEARCH
SPINE

Characterization of Peripheral Nerve Sheath Tumors with 3T
Proton MR Spectroscopy

L.M. Fayad, X. Wang, J.O. Blakeley, D.J. Durand, M.A. Jacobs, S. Demehri, T.K. Subhawong, T. Soldatos, and P.B. Barker

ABSTRACT

BACKGROUND AND PURPOSE: The characterization of peripheral nerve sheath tumors is challenging. The purpose here was to investi-
gate the diagnostic value of quantitative proton MR spectroscopy at 3T for the characterization of peripheral nerve sheath tumors as
benign or malignant, compared with PET.

MATERIALS AND METHODS: Twenty participants with 24 peripheral nerve sheath tumors underwent MR spectroscopy by use of a
point-resolved sequence (TE, 135 ms). Six voxels were placed in 4 histologically proven malignant peripheral nerve sheath tumors and 22
voxels in 20 benign peripheral nerve sheath tumors (9 histologically proven, 11 with documented stability). The presence or absence of a
trimethylamine signal was evaluated, the trimethylamine concentration estimated by use of phantom replacement methodology, and the
trimethylamine fraction relative to Cr measured. MR spectroscopy results for benign and malignant peripheral nerve sheath tumors were
compared by use of a Mann-Whitney test, and concordance or discordance with PET findings was recorded.

RESULTS: In all malignant tumors and in 9 of 18 benign peripheral nerve sheath tumors, a trimethylamine peak was detected, offering the
presence of trimethylamine as a sensitive (100%), but not specific (50%), marker of malignant disease. Trimethylamine concentrations (2.2 �

2.8 vs 6.6 � 5.8 institutional units; P � .049) and the trimethylamine fraction (27 � 42 vs 88 � 22%; P � .012) were lower in benign than
malignant peripheral nerve sheath tumors. A trimethylamine fraction threshold of 50% resulted in 100% sensitivity (95% CI, 58.0%–100%)
and 72.2% (95% CI, 59.5%–75%) specificity for distinguishing benign from malignant disease. MR spectroscopy and PET results were
concordant in 12 of 16 cases, (2 false-positive results for MR spectroscopy and PET each).

CONCLUSIONS: Quantitative measurement of trimethylamine concentration by use of MR spectroscopy is feasible in peripheral nerve sheath
tumors and shows promise as a method for the differentiation of benign and malignant lesions. Trimethylamine presence within a peripheral
nerve sheath tumor is a sensitive marker of malignant disease, but quantitative measurement of trimethylamine content is required to improve
specificity.

ABBREVIATIONS: MPNST � malignant peripheral nerve sheath tumor; NF-1 � neurofibromatosis type 1; PNST � peripheral nerve sheath tumor; SUV � standard
uptake values; TMA � trimethylamine

Peripheral nerve sheath tumors (PNSTs) are commonly en-

countered in the general population, and most PNSTs are

benign schwannomas and neurofibromas, rather than malignant

peripheral nerve sheath tumors (MPNSTs).1-3 However, the char-

acterization of PNSTs by anatomic imaging methods and clinical

features is challenging, given that the features of various benign

tumors are shared,4 and the features of benign PNSTs and

MPNSTs overlap. Recent literature suggests some specific ana-

tomic imaging features with MR imaging5-8 and specific meta-

bolic imaging features with PET9-13 to be associated with malig-

nant disease in PNSTs. Yet, noninvasive characterization of

malignant disease remains problematic, especially in patients with

neurofibromatosis type 1 (NF-1), who may have both benign and

malignant tumors simultaneously and have greater risk for the

development of MPNSTs than the general population.7 Proton
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MR spectroscopy has been used extensively to characterize brain

tumors, but far less has been done to evaluate musculoskeletal

lesions with MR spectroscopy14 and, specifically, PNSTs.15-18 The

detection of a signal from trimethylamine (TMA) and choline-

containing compounds by MR spectroscopy has been estab-

lished as a valuable indicator of malignant disease in other

musculoskeletal lesions from alterations in the metabolism of

phosphocholine and phosphatidylcholine.16-23

We hypothesized that MPNSTs would show high TMA con-

tent but that benign PNSTs would show undetectable or low levels

of TMA when quantified. This study investigates the feasibility of

performing quantitative MR spectroscopy in PNSTs and assesses

the differential TMA measures of benign and MPNSTs, particu-

larly in patients with NF-1. TMA measurements were also as-

sessed between benign schwannomas and neurofibromas, given

prior reports that these entities may have different metabolic pro-

files by FDG-PET imaging.24 Finally, we compared MR spectros-

copy measurements with the FDG-PET results in a subset of pa-

tients who underwent PET imaging as part of their routine clinical

evaluation.

MATERIALS AND METHODS
Study Design
This study was approved by the Institutional Review Board, and

informed consent was obtained from each participant. Twenty

participants with 24 PNSTs (histologically proven, or with clinical

presentation and longitudinal imaging features consistent with

neurofibroma in patients with NF-1 or schwannomas in patients

with schwannomatosis) underwent MR imaging and quantitative

proton MR spectroscopy at 3T. Two observers reviewed the MR

imaging and MR spectroscopy data for each tumor. TMA mea-

surements were compared between benign and MPNSTs, as well

as among benign PNSTs, to determine the diagnostic perfor-

mance of MR spectroscopy for the characterization of PNSTs.

TMA content was also compared with maximal standard uptake

values (SUVmax) when FDG-PET scans were available.

Patient Population
Research was performed at a tertiary care center having a compre-

hensive neurofibromatosis center and specialized care for patients

with PNSTs. Participants were prospectively enrolled between

August 2009 and April 2012, in a nonconsecutive manner. Inclu-

sion criteria consisted of patients with suspected or known PNSTs

with available histologic confirmation; patients with a docu-

mented history of NF-1, neurofibromatosis type 2, or schwanno-

matosis (diagnosed by clinical criteria and with genetic confirma-

tion when available) with stable peripheral nerve tumors, and

target lesions � 1 � 1 � 1 cm3; and patients with no contraindi-

cation for MR imaging. Exclusion criteria were a contraindication

for MR imaging, prior treatment for the PNST, or PNSTs with no

subsequent histologic confirmation or definitive follow-up.

Patient medical records were reviewed for demographics, un-

derlying diagnoses, and history of prior therapies to identify in-

clusion and exclusion criteria. Patient records were also reviewed

to determine if FDG-PET imaging was performed as part of the

patients’ routine clinical care within 1 month of the MR spectros-

copy examination, to assess the agreement of MR spectroscopy

findings with FDG-PET.

Lesions were classified as malignant after surgical resection (4

MPNSTs with 6 voxel locations; 1 participant had a very large

MPNST in which 3 single voxels were placed). Lesions were clas-

sified as benign neurofibromas if they had either histologic con-

firmation (3 histologically confirmed neurofibromas; in 2 of these

cases, 2 MR spectroscopy voxels were located within the neurofi-

broma), or if the patient had a documented history of NF-1 and a

stable clinical and imaging appearance consistent with neurofi-

broma (stable on follow-up evaluation between 5 and 7 months).

Lesions were classified as benign schwannomas if the patient had

either histologic confirmation (6 histologically proven schwanno-

mas) or a documented history of schwannomatosis and a stable

clinical and imaging appearance consistent with schwannoma (1

schwannoma stable for 18 months).

Imaging and MR Spectroscopy Acquisition
All studies were performed on a 3T MR system (Magnetom Trio

or Magnetom Verio; Siemens, Erlangen, Germany) by use of a

flexible phased-array body-matrix coil. Axial fat-suppressed T2-

weighted images (spin echo: TR, 2886 ms; TE, 100 ms; FOV, 18;

section thickness, 6 mm) and coronal STIR images (inversion

recovery: TR, 2462 ms; TE, 100 ms; TI, 200 ms; FOV, 20; section

thickness, 6 mm) of the body part in question were performed.

After the anatomic imaging was performed, water-suppressed

MR spectroscopy was performed by use of a single-voxel point-

resolved spectroscopy sequence (CHESS water suppression, 128

averages; TR, 2000 ms; TE, 135 ms; scan time, 4 minutes 16 sec-

onds). The voxel size and location were determined by a radiolo-

gist to encompass most of the lesion, with careful attention to

exclude structures outside the perimeter of the lesion, including

adjacent bone cortex, muscle, and vascular structures. The range

of voxel sizes used varied from 1–25 cm3. For the estimation of

TMA concentrations, a phantom replacement technique was

used; signals from the lesion were compared with those from a

20-mmol/L solution of TMA recorded separately. To account for

the different radiofrequency coil loading between the phantom

and in vivo, the water signal was also recorded (without suppres-

sion, 16 averages) from the localized volume by use of transmit

body coil receive and phased-array receive, as described previ-

ously.25,26 No lipid suppression was applied. Shimming up to sec-

ond order was performed to optimize the field homogeneity by a

physicist with 8 years of experience. In 2 PNSTs, spectra were

recorded by use of multivoxel MR spectroscopic imaging once it

became available, with the same acquisition parameters, except

that the nominal voxel size was smaller (1 cm3, FOV of 16 cm, and

16 � 16 phase-encoding steps, 1 signal average, scan time 7 min-

utes 40 seconds).

MR Spectroscopy Data Processing
Spectra were analyzed by a physicist with 8 years of experience in

MR spectroscopy and a radiologist with 9 years of experience in

MR spectroscopy and 11 years of experience in imaging of mus-

culoskeletal tumors, in consensus. The quality of the spectra was

determined by the visibility of discrete TMA and Cr peaks, the

degree of separation of the peaks, and the presence or absence of

1036 Fayad May 2014 www.ajnr.org



artifacts. The signals evaluated included water (4.7 ppm), lipid

(1.3 and 0.9 ppm), TMA (3.2 ppm), and Cr (3.0 ppm). Before

analysis, each spectrum was judged for sufficient quality subjec-

tively; if it had resolved TMA, Cr, water, and lipid peaks with no

uncorrectable baseline distortions; and the absence of artifacts

that might interfere with the TMA or Cr peak measurements. The

presence or absence of a TMA peak was noted based on visual

assessment.

Analysis of the spectra was performed by use of the “advanced

method for accurate, robust, efficient spectral fitting” routine

(AMARES)12 in the “java-based Magnetic Resonance User’s Inter-

face” (jMRUI; www.mrui.uab.es/mrui/mrui_download/) package,13

which fits the time-domain spectroscopy data as a model of exponen-

tially decaying oscillators by use of a nonlinear least-squares algo-

rithm. TMA and Cr concentrations were estimated by use of the

phantom replacement method,25,26 modified from previous use in

normal skeletal muscle.27 Metabolite concentrations were estimated

by use of the formula:

�M� � �P� �
AM

AP
�

nP

nM
�

kP

kM

TAM

TAP
CFvol

where M and P subscripts represent the in vivo (metabolite, M)

and phantom (P) scans, respectively. [M] is the estimated in vivo

(TMA or Cr) molar concentrations in “institutional units” (i.u.),

[P] is the known (molar) concentration of the phantom, A repre-

sents the spectral peak area, n represents the number of protons in

the molecular functional group (n�9 for TMA, n�3 for Cr), k is

a term correcting for T1 and T2 relaxation times, TA is the radio-

frequency transmitter amplitude (voltage) required for a 90°

pulse in the phantom (P) and in vivo (M) MR spectroscopy ac-

quisitions collection, and CFvol is a correction factor for the rela-

tive presence of water and fat within the voxel. T1 and T2 relax-

ation times were taken from the literature.28 Please see the On-

line Appendix for additional information.

PET Imaging
Eight patients, 7 having NF-1 and 1 having schwannomatosis, had

FDG-PET scans available for comparison. All but 1 FDG-PET

study was performed with early and delayed acquisitions, as de-

scribed previously,11,13 at the same institution where MR spec-

troscopy was acquired, and interpreted by nuclear medicine phy-

sicians; 1 FDG-PET study was performed with delayed imaging

only, at a different institution, but was reinterpreted by the study

institution’s nuclear medicine physician.

PET results were recorded as “suspicious” (SUVs increased on

delayed compared with early acquisition, or values �3.511,13) or

“not suspicious” (SUVs not meeting criteria for suspicious activ-

ity) by 1 observer (with 14 years of experience in image

interpretation).

Statistical Analysis Methods
Descriptive statistics were reported for each PNST, including de-

mographic information, anatomic lesion characteristics, clinical

characteristics, and results of PET imaging. Qualitative MR spec-

troscopy results (presence or absence of a TMA signal) were com-

pared for benign and malignant lesions, as well as among benign

lesions, with use of the Fisher exact test. Quantitative MR spec-

troscopy results for each PNST were recorded as the metabolite

concentrations when metabolite peaks were found. A percentage

“TMA fraction” was determined from the metabolite concentra-

tion ratios as [TMA]/([TMA] 	 [Cr]) � 100. Note that this is

slightly different from the more commonly used metric in prior

MR spectroscopy studies of a TMA/Cr ratio; the TMA fraction

was used here because it is a more stable measurement when Cr

concentrations are either very low or are zero. Quantitative results

were compared between benign and MPNSTs, and between neu-

rofibromas and schwannomas, by the Wilcoxon 2-sampled

(Mann-Whitney) test. The level of statistical significance was

set at P � .05. Finally, MR spectroscopy and FDG-PET findings

were recorded as concordant if MR spectroscopy and FDG-

PET both classified lesions as malignant/suspicious or as

benign/nonsuspicious.

RESULTS
The On-line Table lists the clinical, histologic, and imaging char-

acteristics for the patients and imaged tumor(s), with documen-

tation of follow-up. The median age of the participants was 42

years (age range, 11–78 years); there were 12 men and 8 women.

Eight participants had NF-1, and 1 had schwannomatosis.

Two patients were excluded because of an aborted MR spec-

troscopy by patient preference (n�1), and nondiagnostic quality

(n�1). Two additional participants were excluded because of a

lack of histologic confirmation or definitive follow-up. Hence, a

total of 6 voxels were placed in 4 MPNSTs and 18 voxels placed in

16 benign PNSTs. Diagnostic quality spectra were achieved for 22

of 24 included voxel locations.

A discrete TMA peak was identified in 9 of 18 voxels placed in

benign PNSTs (4 schwannomas, 5 neurofibromas) and in 6 of 6

voxels placed in MPNSTs, suggesting that the absence of a detect-

able TMA signal is a useful sign of a benign PNST (P � .02).

Sensitivity, specificity, positive predictive value, and negative pre-

dictive value to distinguish benign and malignant lesions,

based on qualitative MR spectroscopy results, were 100%,

50.0%, 40.0%, and 100%, respectively (Table).

TMA concentrations were significantly lower in benign

PNSTs (mean, 2.2 � 2.8; range, 0 –9.2) than in MPNSTs

(mean, 6.6 � 5.8; range, 1.6 –14.0) (P � .049). There was also a

significant difference in the TMA fraction of benign PNSTs

(27% � 42%; range, 0%–100%) and MPNSTs (88% � 22%;

range, 51%–100%) (P � .012). Taking a TMA fraction � 50%

Accuracy of proton MR spectroscopy for distinction of benign and malignant PNSTs

MR Spectroscopy Method of Analysis
Sensitivity

(%)
Specificity

(%)
Positive

Predictive Value (%)
Negative

Predictive Value (%)
Qualitative (presence of TMA peak) 100.0 50.0 40.0 100.0
Quantitative (TMA fraction � 50%) 100.0 72.2 54.5 100.0
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as a definition for malignant disease resulted in a 100% nega-

tive predictive value and a sensitivity, specificity, and positive

predictive value of 100%, 72.2%, and 54.5%, respectively. Fig-

ures 1 and 2 show examples of benign PNSTs and MPNSTs.

Figure 3 is a graphic representation of TMA content between

schwannomas, neurofibromas, and MPNSTs.

In patients with a history of NF-1, lower TMA concentrations

were found in benign neurofibromas compared with MPNSTs,

though the differences were not statistically significant (0.9 � 1.8

vs 6.6 � 5.8, respectively; P � .61), but the spectral pattern in the

TMA fraction was significantly different (23% � 43% vs 88% �

22%, respectively; P � .005). Taking a TMA fraction � 50% as a

definition for malignant disease in the patients with NF-1 resulted

in a sensitivity, specificity, positive predictive value, and negative

predictive value for diagnosis of an MPNST of 100%, 77.8%,

75.0%, and 100%, respectively.

Schwannomas had 2 distinct patterns, either showing an ab-

sence of detectable metabolite signals (in 4/7), or a high TMA

fraction (� 50% in 3/7), similar to that found in MPNSTs. For

neurofibromas, most cases showed a TMA fraction � 10%, but 2

patients had a TMA fraction of 100%. Hence, comparing all

schwannomas with all neurofibromas, differences in the TMA

concentrations (3.0 � 3.5 vs 1.5 � 2.1, respectively; P � .66) and

TMA fraction (46% � 50% vs 12% �

31%, respectively; P � .27) were not

significant.

A total of 9 patients (16 lesions in to-

tal) with NF-1 or schwannomatosis also

underwent FDG-PET. In the schwan-

noma case studied by FDG-PET (n�1),

PET correctly classified the lesion as non-

suspicious, whereas MR spectroscopy

suggested malignant disease (TMA frac-

tion, 60%). For the benign neurofibromas

(9 lesions), MR spectroscopy and FDG-

PET results were concordant (and agreed

with the final diagnosis) in 6 of 9 lesions,

and were discordant in 3 of 9 lesions.

In 1 case, MR spectroscopy produced a

false-positive result, and in 2 cases, FDG-

PET produced false-positive results (Ta-

ble 1); however, in one of these cases, the

FDG-PET was a single time point (rather

than early and delayed acquisitions), pos-

sibly accounting for the discrepancy. For

MPNSTs, results of MR spectroscopy and

FDG-PET were concordant in all cases.

DISCUSSION
PNSTs are among the most common soft

tissue tumors that occur in the musculo-

skeletal system.1,29 Most nerve sheath tu-

mors are benign, with schwannomas and

neurofibromas accounting for 6% of soft

tissue tumors, but MPNSTs are rare.

However, patients with NF-1 carry a life-

time risk of up to 10% for the develop-

ment of an MPNST.28 Unfortunately, the

ability to distinguish benign PNSTs and MPNSTs with current

clinical and imaging tools remains challenging, with only a

few anatomic features6-8 or markers of metabolic activity by

PET10,13,24 assisting in the diagnosis of malignant disease. Our

present study offers preliminary evidence that proton MR spec-

troscopy is feasible in PNSTs and is a potentially valuable method

for their characterization. Although qualitative interpretation of

the presence or absence of a TMA signal on MR spectroscopy

appears to have a high sensitivity for diagnosis of malignant dis-

ease, it offers poor specificity because many benign lesions also

show a detectable TMA signal. The specificity of MR spectroscopy

is increased by quantitative estimates of either the TMA concen-

tration or TMA fraction.

In musculoskeletal masses, previous proton MR spectroscopy

studies have established TMA as a marker for malignant disease.18

The TMA peak resonating at 3.2 ppm is a composite peak with

contributions from phosphocholine, glycerophosphocholine,

and free choline itself, metabolites that are involved in the synthe-

sis and degradation of cell membranes. During malignant trans-

formation, several alterations in TMA metabolism are known to

occur, including increases in the synthesis of phosphocholine due

to choline-kinase activation, as well as upregulation of phosphati-

dylcholine metabolism by ras mutations, found in multiple tumor

FIG 1. A 53-year old man with NF-1 and a left anterior thigh MPNST. Axial fat-suppressed
T2-weighted (A) and coronal STIR (B) images show a heterogeneous mass within the left anterior
thigh. Single-voxel placement is shown. (C) MR spectroscopy revealed a detectable TMA peak,
with a TMA concentration of 14.0 institutional units and a TMA fraction of 74%.
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types, including sarcomas.30 Of note, the loss of neurofibromin

that occurs as a result of the Nf1 mutation results in constitutive

activation of ras.31 Consistent with prior investigations, all

MPNSTs in the current series showed detectable levels of TMA,

with a high TMA content reflected both in elevated TMA concen-

trations as well as in TMA fractions � 50%. However, several of

the benign PNSTs in this study showed

detectable TMA peaks consistent with a

recent review that included 9 benign

PNSTs,18 all of which had discrete TMA

peaks. Quantitative analysis of TMA con-

tent in this study allowed further charac-

terization because most benign PNSTs

showed lower TMA concentrations and

TMA fractions than those of MPNSTs,

though there were outliers that had a sim-

ilar TMA profile to MPNSTs. These re-

sults may be the result of a lack of speci-

ficity of the technique or the result of the

heterogeneity of the tumor with some re-

gions harboring atypical, but not yet ma-

lignant, histologic patterns.32 The cumu-

lative results of this study suggest that MR

spectroscopy has a high negative predic-

tive value for malignant disease in PNSTs:

When no detectable TMA peak was pres-

ent, or TMA content (concentration or

fraction) was low, a benign diagnosis was

found in all cases.

FDG-PET, along with MR imaging, is

a key technique used to assess for malig-

nant transformation in the setting of

NF-1 based on a sensitivity of 0.89 (95%

CI, 0.76 – 0.96) and a specificity of 0.95

(95% CI, 0.88 – 0.98) in this patient pop-

ulation.11 In this study, FDG-PET find-

ings were concordant with the MR spec-

troscopy findings in all cases of malignant

disease (with no false-negative findings);

however, both MR spectroscopy and

FIG 2. A 41-year-old woman with a biopsy-proven neurofibroma. Axial fat-suppressed T2
weighted (A) and sagittal STIR (B) images of the right thigh show a soft tissue mass with a low
internal signal and a high peripheral signal. Voxel placement is shown, from multivoxel MR
spectroscopic imaging in this lesion. C, MR spectroscopy revealed a detectable TMA peak within
the mass, with a TMA concentration of 3.5 institutional units and a TMA fraction of 7%.

FIG 3. Comparison of the TMA concentrations (A) and TMA fractions (B) of MPNSTs, neurofibromas, and schwannomas. These results indicate
that both the TMA concentration and the TMA fraction are sensitive for the detection of malignant disease, but the TMA fraction is more
specific for distinguishing benign neurofibromas from MPNSTs. TMA content does not reliably distinguish between schwannomas and
neurofibromas.
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FDG-PET had false-positive results and were discordant in 3 cases

of benign neurofibromas. Hence, MR spectroscopy has initial re-

sults similar to FDG-PET for a diagnosis of malignant disease in

patients with NF-1, and may be used clinically to further charac-

terize FDG-avid lesions as either neurofibroma or MPNST. Fur-

ther investigations are needed to assess the additive role and cost-

effectiveness of MR spectroscopy and PET, alone or in

combination, in patients with NF-1. It is interesting to note that

metabolic activity within some schwannomas has been found to

be similar to that of MPNSTs by PET,24 and this finding may

explain why some schwannomas in the current series were meta-

bolically active by MR spectroscopy, to a level similar to that of

MPNSTs. Figure 4 shows a potential diagnostic algorithm for the

incorporation of MR spectroscopy into the characterization of

PNSTs, though further study is needed to determine the interplay

of FDG-PET and MR spectroscopy in the characterization of

PNSTs.

Another important clinical dilemma lies with the characteriza-

tion of benign PNSTs, as no MR imaging finding is sufficiently

specific to allow confident discrimination between neurofibro-

mas and schwannomas,4 though their distinction carries thera-

peutic implications. Schwannomas may be amenable to nerve-

sparing resection, whereas the resection of a neurofibroma has the

potential for greater morbidity.33 Unfortunately, our investiga-

tions showed no significant differences in either TMA concentra-

tion or TMA fraction between schwannomas and neurofibromas,

suggesting that other techniques will be required to assist in this

distinction.

The small sample size of patients recruited from a single-cen-

ter, tertiary institution in this study was a limitation, but the re-

sults provided preliminary data as a framework for future inves-

tigations with a larger number of participants and variety of PNST

histologic features. Although all malignant cases in this study had

histologic confirmation, several benign cases did not have a tissue

diagnosis because these patients all had NF-1 or schwannomato-

sis, and there is rarely indication for surgical intervention for le-

sions that are behaving in a benign clinical fashion. All patients

without histologic confirmation had clinical and radiographic

follow-up confirming benign lesion behavior. However, the lack

of histologic confirmation for these benign cases and the relatively

short-term follow-up available remains a limitation of this study.

It is challenging to determine when malignant transformation

occurs within a benign neurofibroma in patients with NF-1,

and, though rare, schwannomas may occur in NF-1 and neu-

rofibromas may occur in schwannomatosis such that clinical

diagnosis on the basis of tumor behavior and imaging features

is not always accurate. Second, in patients with NF-1, the use of

single-voxel MR spectroscopy may be suboptimal for the iden-

tification of MPNSTs, given that MPNSTs typically arise

within benign neurofibromas and these tumors are large and

heterogeneous. In the future, higher-spatial resolution multi-

voxel MR spectroscopic imaging (shown to be feasible in this

study) may be used to map out lesion heterogeneity and may be

a helpful approach to identify high-risk regions to biopsy. Fi-

nally, the performance of MR spectroscopy requires availabil-

ity of a dedicated physicist familiar with the technique, and

optimization before implementation clinically, given the com-

plexities of the approach.

CONCLUSIONS
Quantitative MR spectroscopy measurements of Cho content in

PNSTs provides good separation between benign and malignant

nerve sheath tumors, offering a high negative predictive value when

Cho content is negligible, and a high sensitivity when the Cho frac-

tion is � 50%. With quantitative methodology, the specificity of MR

spectroscopy to distinguish benign and MPNSTs is increased com-

pared with a qualitative assessment of Cho content (the presence of

detectable Cho). MR spectroscopy may prove to be especially useful

in patients with NF-1 who are at high risk for malignant transforma-

tion of benign neurofibromas, and may offer supporting or comple-

mentary information to interpret FDG-PET results in this regard.

Although MR spectroscopy is a promising technique, the true value

of MR spectroscopy to clinical decision-making in the work-up of

PNSTs remains to be elucidated with larger studies.
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