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Abstract Background. T2-weight-
ed MR imaging of soft tissue tu-
mors of neural origin may show
round lesions with a central hypoin-
tensity and a hyperintense rim re-
sembling a target. We define the
"target sign" as a mass consisting of
a solitary target, or a multicompart-
mental mass in which the largest
component consists of multiple tar-
gets.

Objective. The objective of this
study was to determine whether the
target sign can differentiate benign
neurofibromas and their malignant
counterparts, malignant peripheral
nerve sheath tumors.
Materials and methods. Preoperative
T2-weighted MR images of 23 neu-
rofibromas or malignant peripheral
nerve sheath tumors were retro-
spectively reviewed in 16 patients,
aged 3 weeks to 20 years (median
15 years), without knowledge of the
pathologic diagnosis. The presence
or absence of a target sign was
noted.
Results. The target sign was seen in
all 12 neurofibromas and 1 of the
11 malignant peripheral nerve
sheath tumors. Statistical analysis
showed good differentiation of be-
nign and malignant tumors using
this sign (x = 0.91).
Conclusion. The target sign on T2-
weighted MR imaging is helpful in
differentiating neurofibromas from
malignant peripheral nerve sheath
tumors.

Introduction

Malignant degeneration of peripheral neurofibromas is
the leading cause of cancer death in patients with neu-
rofibromatosis type 1 (NFl) [1, 2]. However, it is clini-
cally difficult to distinguish benign from malignant
neural tumors, especially in patients with neurofibroma-

tosis, in whom tumors may be numerous and/or deeply
situated. Optimal treatment of malignant peripheral
nerve sheath tumors (MPNST) is surgical excision.
However, excision of benign neurofibromas (BN),
which contain intermingled neural elements and
Schwann cells, usually compromises the affected nerve
[3]. Further, blind biopsy of large complex tumors may
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be subject to sampling errors [4]. Thus, a test that could
differentiate benign from malignant lesions would pre-
vent unnecessary morbidity.

MR imaging is the modality of choice for resolving
and anatomically defining the extent of soft tissue tu-
mors [5], and has been widely used to evaluate nerve
sheath tumors [6-10]. However, there is overlap be-
tween the imaging features of benign and malignant
neural tumors as to size, margination, MR imaging sig-
nal heterogeneity, contrast enhancement, peripheral
edema, and adjacent muscle atrophy [5, 11-13].

Previous reports of BN have described a target (a hy-
perintense rim with centrally decreased intensity on T2-
weighted sequences homogeneously isointense or mild-
ly hyperintense to muscle on T1-weighted sequences)
[8-12, 14-16]. Histologically the target comprises a cen-
tral zone of tightly packed eosinophilic fibers, consisting
of collagen or a highly cellular component surrounded
by nonfibrillary stromal or myxoid material [8, 11, 12].
According to previous reports, MPNST have a hetero-
geneous appearance on T2-weighted MR imaging and
lack this finding [11, 14]. These studies have not allowed
statistical analysis of the target sign as a differentiating
feature [8, 11, 14]. The purpose of this study was to de-
termine the value of the target sign in differentiating
BN from MPNST.

Materials and methods

The records and images of all patients at our institution who had a
pathologically proven nerve sheath tumor (BN or MPNST) ex-
cised after preoperative MR imaging were studied. Postoperative
MR imaging in all cases confirmed that the lesions seen preopera-
tively had been removed. There were 23 tumors in 16 patients. Six
of the tumors were present in one patient. Twenty-two of these
were situated within the soft tissues, while one also involved the
adjacent bone (calcaneus). Three patients had multiple tumors.
The median age at imaging was 15 years (range, 3 weeks to
20 years). There were ten males and six females. Nine of the 16 pa-
tients had NFl by standard clinical criteria [17].

Preoperative T2-weighted MR images of the 23 tumors were
retrospectively reviewed in order to determine the presence or
absence of the target sign. The size of the largest target in pa-
tients with the target sign and the presence of targets in satellite
tumors adjacent to the largest component of the mass were
noted. The greatest diameter of the entire tumor mass was also
measured.

Preoperative MR imaging was performed in our, or referring
institutions using a variety of systems with field strength of 0.5
(n = 2), 1.0 (n = 11), and 1.5 (n = 10) T. TR (repetition time) and
TE (echo time) for conventional spin-echo T2-weighted images
(n = 12) ranged from 1800-2500 ms and 80 to 100 ms respectively.
Four patients had fast or "turbo" T2-weighted spin-echo imaging
with TR/TE of 2500-4250/90-104. Fields of view ranged from 15
to 50 cm, and matrix sizes were 160, 192, 216 or 256 x 256.

Histologic diagnosis of peripheral nerve sheath tumors was ac-
complished by experienced pathologists using standard histologic
criteria [18]. MPNST was distinguished by the presence of high cel-
lularity, mitoses, and/or geographic areas of necrosis [18].

The excisted BN were re-reviewed by light microscopy to iden-
tify the structures that comprised the target. The periphery and the
central core of these lesions were histologically characterized and
compared with those of MPNST.

A univariate logistic regression model was fitted first to identify
those significant factors related to pathologic diagnosis of the tu-
mor [19]. The kappa statistic was then used to measure the agree-
ment between these significant factors and the pathologic
diagnosis of the tumor. This test indicates strong agreement when
kappa was > 0.75, fair to good agreement for values of 0.40-0.75,
and poor agreement when kappa values were < 0.40 [19].

Results

There was agreement in all cases as to the presence or
absence of the target sign. Clinical, imaging, and patho-
logic data are shown in Table 1. Histologically there
were 11 MPNST and 12 BN.

All 12 BN had a positive target sign. Four of 12 tu-
mors consisted of a solitary target (Fig. 1), and the re-
maining eight benign tumors were composed of
multiple targets (Fig. 2). Histologically, 2 of the 12 tu-
mors were plexiform neurofibromas. On MR imaging,
plexiform neurofibromas appeared identical to BN,
with the presence of multiple target signs. The largest in-
dividual target lesion within each BN had a median di-
ameter of 10 mm (range 5-24 mm). The entire BN had
a median diameter of 30 mm with a range of 10-
110 mm.

Histologically, the target sign was found to represent
either myxoid tissue encircling a cellular matrix contain-
ing Schwann cells, fibroblasts, and perineurial cells;
myxoid tissue encircling collagen; or myxoid tissue en-
circling a mixed collagen and cellular matrix (Fig. 3).

Ten of the 11 MPNST did not contain targets as the
largest component of the mass (negative target signs).
These masses had a variable signal that was predomi-
nantly hyperintense, with no distinguishing features on
T2-weighted MR imaging (Fig.4). One MPNST (a tri-
ton tumor) consisted of a large heterogeneously hypoin-
tense lobulated region surrounded by hyperintense
muscle edema on T2-weighted MR imaging. Five of the
10 malignant tumors had one or more satellite target
signs on the periphery of the mass (Fig.4). One calca-
neal and retrocalcaneal soft tissue MPNST was com-
posed of multiple targets. The histologic features
representing the target sign were found in the initial bi-
opsy of this tumor. The MPNST had a median diameter
of 50 mm with a range of 20-110 mm.

Analysis of age, sex, size greater than 3 cm, and size
greater than 5 cm by the univariate logistic regression
model did not show any significant association with the
presence or absence of malignancy (P = 0.21, 0.07, 0,51,
and 0.32 respectively). The presence of either the target
sign or clinical evidence of NFl was positively correlated
with BN. The kappa statistic of 0.91 [95 % confidence in-
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Table 1 Clinical, imaging and histologic findings in patients with benign and malignant peripheral nerve sheath tumors (NFI neurofibro-
matosis type 1, MPNST malignant peripheral nerve sheath tumor, BN benign neurofibroma, N/A not available, + present, — not present)

Patient Age at Sex NFl Tumor Tumor Target Target Target in Pathology Pathology Center Periphery
no. imaging site size size sign a satellite diagnosis target

(years) (mm) (mm) lesion
near mass

1 9 M Yes Left neck 80 20 Yes + BN Yes Collagen Myxoid
and cells tissue

2 15 M Yes Left arm 55 10 Yes + BN Yes Collagen Myxoid
tissue

3 10 F Yes Cl nerve root 10 5 Yes + BN Yes Collagen Myxoid
and cells tissue

4 12 F Yes Orbit 25 25 Yes — BN No

5 15 M Yes Scalp 10 10 Yes — BN Yes Collagen Myxoid
and cells tissue

6 15 F Yes Lower ex- 25 5 Yes + BN Yes Collagen Myxoid
tremity and cells tissue

7 16 F Yes Left posterior 35 10 Yes + Plexiform N/A
femoral
cutaneous BN
nerve

7 16 F Yes Right sciatic 35 No + MPNST N/A
nerve

7 16 F Yes Left sciatic 35 10 Yes + BN N/A
nerve

7 19 F Yes Right chest 110 5 Yes — BN Yes Collagen Myxoid
wall tissue

7 19 F Yes Right inter- 25 5 Yes — BN Yes Collagen Myxoid
costal nerve tissue

7 19 F Yes Left chest 10 5 Yes + Plexiform Yes Increased Myxoid
wall soft BN cellularity tissue
tissue

8 19 M Yes Presacral 50 10 Yes + BN Yes Collagen Myxoid
tissue

8 19 M Yes Left sciatic 65 No + MPNST No
nerve

9 13 F Yes Abdominal 60 No + MPNST No
mass

10 15 M No Right 110 No — MPNST No
popliteal

10 13 M No Right 50 5 Yes + MPNST Yes Increased Cells
calcaneus cellularity

11 3 M No Left C8 25 No — MPNST No
nerve root

12 11 M No Right clavicle 20 No — MPNST No
soft tissues

13 20 M No Right thigh 55 No — MPNST No

14 10 M No Right axilla 80 No + MPNST N/A

15 18 M No Left calf 20 No — MPNST No

16 3/52 F No Right back 20 No + MPNST No



Fig.1 A 12-year-old girl (pa-
tient 4) with NFl and proptosis
caused by an orbital neurofi-
broma. T2-weighted [2300/80
(TR ms/TE ms) ] coronal image
shows a 2.4-cm diameter target
sign (arrow) consisting of a
large central hypointense re-
gion surrounded by a hyperin-
tense rim

Fig.2 A T2-weighted (2500/
104) transverse image through
the neck and skull base of a 9-
year-old boy (patient 1) shows
multiple target signs in a plexi-
form neurofibroma on the left
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Fig.3 Histologic section of a benign neurofibroma of the lower ex-
tremity in a 15-year-old girl shows a 4-mm target sign composed of
compactly packed neurofibroma cells and collagen (arrow) sur-
rounded by a less compact region containing an abundant myxoid
stroma (H & E, original magnification 40 x)

Fig.4 A 13-year-old girl with a heterogeneous multilobulated ret-
roperitoneal malignant peripheral nerve sheath tumor shown on a
transverse turbo spin-echo T2-weighted (4250/90) MR image of
the pelvis. There is a target sign (arrow) anterior to the right sacral
wing suggesting the neural origin of the tumor. The largest com-
partment of the tumor does not contain targets, and thus the mass
has a negative target sign

terval (0.74, 1.0), P < 0.001] indicates strong agreement
between the target sign and a benign pathologic diagno-
sis. The sensitivity of the target sign for a BN is 100 %
[95 % confidence interval (78%, 100%)] and the speci-
ficity is 92 % [95 % confidence interval (59 %, 100%)].
The kappa statistic of 0.74 [95 % confidence interval
(0.47, 1.0), P < 0.001], indicates fair agreement between
NFl and a benign pathologic diagnosis.

There is strong agreement between having a benign
pathologic diagnosis when the patient has NFl and a
target sign within the largest component of the mass.
The sensitivity in our population of having NFl and a
target sign for a BN is 100 % [95 % confidence interval
(76 %, 100%)] and the specificity is 100 % [95 % confi-
dence interval (78%, 100%)].

Discussion

BN is the most common benign tumor to arise from the
peripheral nerves [4, 18, 20, 21]. BN may occur alone or
in association with NFl, a condition that affects 1/2000
to 1/4000 individuals [4, 17, 18, 22]. MPNST are the prin-
cipal malignancy of peripheral nerves and account for
10 % of all soft tissue sarcomas, with one-half occurring
in patients with NFl [18, 23]. Of patients with NFl,
2 %-13 % may develop a MPNST [18, 23].

The target-like appearance of BN on MR images re-
flects the mode of tumor formation. Endoneurial myx-
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omatous matrix proliferates, progressively separating
myelinated and non-myelinated axons [4]. Schwann
cells and collagen fibers proliferate and become embed-
ded in unorganized intercellular material [4]. This
nonfibrillary myxomatous tissue accounts for the hyper-
intense appearance of the peripheral zone on T2-weigh-
ted sequences, while the central zone of dense collagen
is hypointense [7, 8].

Clinical differentiation of benign from malignant tu-
mors can be difficult, and a delay in diagnosis of malig-
nant tumors adversely affects prognosis [18]. This
differentiation is especially important in patients with
NFl, who often have many neural tumors. BN may be
symptomatic; increasing pain in patients with BN may
be a symptom of malignant degeneration. However, pa-
tients with MPNST may have minimal discomfort or
even be asymptomatic, making clinical diagnosis diffi-
cult.

Plexiform neurofibromas have been demonstrated
by CT as bilateral symmetric, low-attenuation masses in
parapsoas or presacral locations [24]. Asymmetry in
size and/or attenuation of these bilateral masses sug-
gested malignant degeneration of the larger mass. How-
ever, there were no other characteristics identified that
could differentiate a benign from a malignant unilateral
mass. In our series, tumor size was not a reliable discrim-
inating feature between BN and MPNST.

This study showed fair agreement between clinical
evidence of NFl and the presence of a benign soft tissue
tumor. The combination of having NFl and a target sign
comprising the largest component of the mass was indi-
cative of a benign lesion. One patient without NFl had
a MPNST composed of multiple target signs. Since this
was the only patient without NFl whose tumor showed
a positive target sign, we cannot form a conclusion
about the specificity of this sign in the absence of NFl.
However, since the MR appearance reflects histologic
findings of a neurofibroma, we expect that the target
sign will be useful in patients without NFl. To our
knowledge schwannomas are the only other published
lesion to sometimes have a target on MR imaging [14].

Care must be taken in evaluating masses with targets,
as MPNST may be adjacent to BN. MPNST may even
appear as a gradual regional histologic transition from
a BN [4]. In these complex cases we found the absence
of a target as the largest component of the mass to be
the most accurate predictor of malignancy. A presump-
tive radiologic diagnosis of MPNST could be made in
five of the ten malignant tumors in our study by noting
absence of targets as the largest component of the mass,
in spite of smaller satellite target lesions adjacent to the
periphery. In these cases our findings suggested that the
target sign comprised benign neurofibromas and the ad-
jacent larger component devoid of target lesions was
caused by sarcomatous degeneration. The remaining
five malignant tumors had a nonspecific heterogeneous
appearance on T2-weighted MR imaging with areas of
hyperintensity and no target signs. Although some tu-
mors may display heterogeneous imaging characteristics
or may not have a single dominant mass, recognition of
the target as a likely indicator of a benign lesion may
help direct biopsy of heterogeneous tumors to portions
of tumor devoid of targets, thus increasing the likelihood
of sampling malignant cells.

Since the target sign may not be appreciated due to
improper instrument window and level settings that
can obscure the dark center, we use a wide window to al-
low characterization of the internal architecture of a
mass. Also, the matching of matrix size and field of
view to provide high spatial resolution is important so
as to adequately resolve the dark centers, which were
as small as 1.0 mm in diameter. These factors may ex-
plain the unexpectedly high sensitivity of the target
sign as an indicator of BN in our series. In our study, tar-
gets were readily apparent on images made by a variety
of instruments and were visualized on both conven-
tional and fast spin-echo sequences.
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