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Abstract  
Primary peripheral nerve sheath tumors (PNSTs) of the thyroid gland are exceptionally 
rare. Two schwannomas and two malignant PNSTs (MPNSTs), arising primarily within the 
thyroid gland, were identified in the files of the Endocrine Tumor Registry at the Armed 
Forces Institute of Pathology. The patients included two females, age 69 and 80 yr, and 
two males, age 18 and 33 yr. The patients presented with a mass in the thyroid gland 
confined to a single lobe of the thyroid without involvement of the cervical neck region. 
None of the patients had a history of neurofibromatosis. The benign tumors were encap- 
sulated, one of them cystic, with the characteristic cellular and nuclear features of 
schwannomas. The MPNSTs were invasive tumors, effacing the thyroid parenchyma, with 
a fascicular pattern of growth composed of neural appearing cells with increased cellu- 
larity, increased mitotic activity and with focal necrosis. Immunoreactivity for S-100 pro- 
tein and vimentin was seen in all tumors. The patients with schwannomas, treated only 
by surgical resection, were alive without evidence of disease, over a period of 5-33 yr. 
Both patients with MPNSTs died of the disease 8 mo and 42 too, respectively, with widely 
disseminated disease. Primary thyroid PNSTs are exceptionally rare tumors. MPNSTs, in 
this limited experience, have a fatal outcome irrespective of aggressive adjuvant therapy. 
Key Words: Thyroid; schwannoma; neurilemoma; malignant peripheral nerve sheath 
tumor; immunohistochemistry. 
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Introduction 
Primary thyroid peripheral nerve sheath 

tumors (PNSTs) (schwannomas and 
malignant PNSTs [MPNSTs]) are rare. 
Single reports of primary thyroid schwan- 
nomas have been documented in the 
literature [1-5]. To the best of our knowl- 
edge, primary thyroid MPNSTs have not 
been previously reported. We discuss the 
tumors' clinical information and pathologic 
features, including the immunohis- 
tochemical and ultrastructural findings, in 
light of a review of the literature. Our find- 
ings document the existence of true PNSTs 
originating in the thyroid gland, confirm- 
ing that MPNSTs are not a sarcomatous 
component of an anaplastic carcinoma. 

Materials and Methods 
Two schwannomas and two MPNSTs 

of the thyroid gland were identified in the 
files of the Endocrine Tumor Registry at 
the Armed Forces Institute of Pathology. 
H&E stained slides, available in all cases, 
were reviewed. The cases met the criteria 
of a spindle cell tumor with features of 
Schwann cell (neural) differentiation [6]. 

Paraffin blocks and/or unstained slides 
were available in three cases. Four-micron 
sections were used for immunophenotypic 
analysis according to the avidin-biotin 
method of Hsu et al. [7]. A panel of 
commercially available antibodies included 
S-100 protein (rabbit polyclonal, 1:800 
dilution, Dakopatts, Glostrup, Denmark), 
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Table 1. Clinical Features a 

Histologic 
diagnosis Age, sex Size, cm Clinical presentation Outcome 

Schwannoma 
Case I 18, M 5 
Case 2 80, F 5 

MPNST 
Case 3 33, M 3.5 
Case 4 69, F 7 

Enlarging m a s s  

Growing, cystic mass 
NED, 33 yr, LTF 
NED, 5 yr, alive 

Rapidly increasing mass Died, DD, 42 mo 
Recently enlarging mass Died, DD, 8 mo 

"Abbreviations: DD, disseminated disease; LTF, lost to follow-up; NED, no evidence of 
disease. 

vimentin (mouse monoclonal, 1 : 100 dilu- 
tion, BioGenex Labs, San Ramon, CA), 
smooth muscle actin (mouse monoclonal, 
1:8000 dilution, Sigma, St. Louis, MO), 
muscle-specific actin (mouse monoclonal, 
1:50 dilution, Enzo Diagnostics, New 
York, NY), desmin (mouse monoclonal, 
1:200 dilution, Dako, Carpinteria, CA), 
thyroglobulin (rabbit polyclonal, 1:100 
dilution, Dako), a cytokeratin cocktail 
(AE1/AE3 and CK1) (AEI/AE3, mouse 
monoclonal, 1:50 dilution, Boehringer 
Mannheim, Indianapolis, IN and CK-1, 
mouse monoclonal, 1:200 dilution, Dako), 
and chromogranin (mouse monoclonal, 
1 : 1600 dilution, Boehringer Mannheim). 
Cytokeratin required predigestion for 3 min 
with 0.05% Protease VIII (Sigma) in a 
0.1M phosphate buffer at a pH of 7.8 at 
37~ Appropriate positive and negative 
controls were used throughout. 

Electron microscopy was performed in 
three cases on formalin-fixed, paraffin- 
embedded tissue that was reprocessed. The 
blocks were deparaffinized in xylene, 
hydrated with graded alcohols, postfixed 
in osmium tetroxide, dehydrated in graded 
alcohols, cleared in propylene oxide, 
and embedded in ethylpoxy (Ernest Fullam 
Laboratory). Thin sections were stained 
with uranyl acetate and lead citrate, and 
were examined with a transmission elec- 
tron microscope (Zeiss 109). 

Results 

The four patients with PNSTs had the 
following clinical findings (see Table 1). 

1. Case 1: An 18-yr-old Caucasian male 
presented with a nodule in the right lobe 
of the thyroid gland. The patient had 
noticed an increase in size over the past 
5 mo. There was no other clinical 
abnormality, nor was there any history 
of neurofibromatosis. The lesion was 
resected. After being followed for 33 yr 
without evidence of recurrence, he was 
recently lost to follow-up. 

2. Case 2: An 80-yr-old Caucasian female 
presented with a slowly growing, cystic 
mass in the left lobe of the thyroid 
gland. There was no other clinical 
abnormality, nor was there any history 
of neurofibromatosis. The lesion was 
surgically excised, and she is alive with- 
out evidence of disease 5 yr after initial 
presentation. 

3. Case 3: A 33-yr-old Caucasian male pre- 
sented with a mass in the thyroid gland, 
which had suddenly increased in size 
over the previous 2-3 wk. He did not 
have any associated clinical disorders, 
such as neurofibromatosis. A thyroid 
scan demonstrated a single, cold nod- 
ule. The lobe of the thyroid gland was 
resected. Complications during the sur- 
gery required a tracheostom)z Within a 
few months of his initial thyroid surgery, 
a screening chest X-ray demonstrated 
multiple metastatic lung lesions. He was 
treated with radiation and chemo- 
therapy. However, 2 yr later the meta- 
static lung disease had increased in size; 
he had developed cervical adenopathy as 
well as recurrence of the primary tumor 
at the tracheostomy stoma. He died 
42 mo after initial presentation, with 
extensive disseminated disease, includ- 
ing lung, liver, and bone. 
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Fig. 1. (A} Low power of primary thyroid schwannoma with variable cellularity and vague palisaded arrangement. (B) Verocay body 
formations composed of spindled cells with "wavy" nuclei around acellular myxoid stroma in a thyroid schwannoma. (C) High power 
demonstrating acellular fibrous connective tissue alternating with palisaded nuclei. (D) Wavy to spindled appearance to the cytoplasmic 
extensions with elongated nuclei in a thyroid schwannoma. 

. Case 4: A 69-yr-old Caucasian female pre- 
sented with Homer's syndrome and an 
associated lateral thyroid mass. She had 
no other clinical symptoms, although 
there had been some recent weight loss. 
The thyroid tumor mass was multi- 
nodular when resected, extending beyond 
the capsule of the thyroid gland. After the 
initial surgical resection, she refused any 
additional therapeutic intervention. She 
died in < 1 yr with disseminated disease 
present in the lungs and liver. 

Pathologic Features 

The schwannomas (neurilemomas) were 
encapsulated tumors of the thyroid gland, 
measuring 5.0 cm in greatest dimensions. One 
of the schwannomas was cystic, duplicated on 
the histology, with a clear to yellow fluid 
extruded on sectioning the tumor. The 
tumors were variably cellular, with densely 
cellular areas (Antoni A) alternating with 
hypocellular areas (Antoni B), situated within 
a variably hyalinized matrix (Fig. 1A-C). 



312 Endocrine Pathology Volume 7, Number 4 November 1996 

OccasionalVerocay body formation was seen 
(Fig. 1B). The cells were fusiform with 
elongated cytoplasmic extensions, present- 
ing a "wavy" to spindled appearance, con- 
taining elongated nuclei (Fig. 1B,D). The 
nuclei showed little pleomorphism, coarse 
nuclear chromatin distribution, and incon- 
spicuous nucleoli (Fig. 1A-D). Rare mi- 
totic figures were present but there were 
no atypical forms. There were several small 
to medium sized blood vessels with 
hyalinized walls (Fig. 1A). Axons were not 
identified within the tumor. There was no 
vascular or capsular invasion, necrosis or 
hemorrhage. 

The MPNSTs measured 3.5 and 7 cm in 
greatest dimension, respectively. The tumors 
were a single dominant mass, infiltrating 
into the surrounding thyroid with efface- 
ment of the thyroid parenchyma (Fig. 2A, 
p. 314). Normal entrapped thyroid follicles 
could be seen at the periphery of the tumor. 
The tumor cells were fusiform, arranged in 
tightly packed fascicles woven into a vague 
"herringbone" type pattern (Fig. 2B,C, p. 314). 
In other areas the wavy cells with fibrillar 
cytoplasmic extensions were arranged in a 
loose background. The tumors were highly 
cellular, composed of pleomorphic cells. 
There were numerous mitotic figures, rang- 
ing from 6-12 mitoses per 10 high-power 
fields, including atypical forms (Fig. 2C). 
There were areas of necrosis and hemorrhage 
in both cases, with a slight increase in cellu- 

larity immediately surrounding the vessels. 
Vascular invasion was identified. Despite the 
invasive growth into the thyroid tissue, there 
was limited evidence of extrathyroidal 
invasion and extension of the tumor into 
the soft tissues of the neck. The remaining 
thyroid parenchyma was unremarkable. 

Immunohistochemistry 

The tumors showed immunoreactivity 
with S-100 protein (Fig. 3, p. 314) and 
vimentin. The S-100 protein reactivity was 
uncharacteristically intense in the MPNSTs. 
Thyroglobulin, cytokeratin, chromogranin, 
smooth muscle actin, muscle-specific actin, 
desmin, and collagen type IV were negative 
in the neoplastic cells (see Table 2). 

Ultrastructural Features 

By electron microscopy, features of 
Schwann cell derivation were present in the 
three cases studied. The cells demonstrated 
narrow to broad, entangled cell processes 
covered by a discrete basement membrane 
substance. Collagen fibers were banded 
together and inserted into the basal lamina. 
Intermediate filaments were contained 
within the cytoplasm. Primitive junctions 
were identified between tumor ceils. The 
so called "fibrous long-spacing collagen," 
with its distinct periodicity, was demon- 
strated. We were unable to definitively 
identify axons on electron microscopy. 

Table 2. Immunohistochemical Results a 

Histologic S- 100 Muscle-specific Smooth muscle Type 1V 
diagnosis protein Vimentin actin actin collagen Keratin Thyroglobulin 

Schwannoma 
Case 1 + n/a n/a 
Case 2 + + - 

MPNST 

Case 3 + + - 
Case 4 n/a n/a n/a 

"Abbreviation: n/a, no blocks available. 

n/a 

n/a n/a n/a n/a 
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Table 3. Review of the Literature a 

Histologic diagnosis Age, sex Size, cm Clinical presentation Outcome 

Schwannoma 
An&ion et al. [1,2] 33, F 5 Firm nodule in thyroid gland 
Delaney and Fry [3] 50, F 4 Painless swelling in neck 
Frantz [4] n/s n/s n/s 
Goldstein et al. [5] 45, M 8 Enlarging thyroid mass 

"Abbreviations: LTF, lost to follow-up; NED, no evidence of disease; n/s, not stated. 

Alive, NED, 1 yr (LTF) 
n/s 
n/s 
n/s 

Discussion 
Primary mesenchymal tumors of the 

thyroid gland are rare [1-5,8-26], and pri- 
mary thyroid PNSTs are an extraordinary 
occurrence [1-5]. Primary MPNSTs of the 
thyroid gland, to our knowledge, have not 
been previously reported, although a case 
of a malignant triton tumor of the thyroid 
gland has been reported [10]. The clinical 
data for the thyroid primary schwannomas 
that have been reported are summarized 
in Table 3. Similar to our schwannoma 
cases (case 1 and 2), the cases in the litera- 
ture occurred in both genders without a 
specific age predilection, presented as an 
isolated mass or swelling, were encapsu- 
lated and confined to the thyroid, demon- 
strated the characteristic pathologic 
features, and were cured with limited but 
complete surgical excision [1-5]. There was 
no indication that any of these patients had 
any other thyroid disorder, neurofibro- 
matosis, or other systemic diseases. 

In contrast to their benign counterparts, 
the two primary thyroid MPNSTs we are 
reporting demonstrated malignant histo- 
logic features characterized by increased 
cellularity, fascicular "her r ingbone"  
arrangement, nuclear and cellular pleomor- 
phism, coarse nuclear chromatin, promi- 
nent mitotic activity, necrosis, hemorrhage, 
and invasive growth. The immunohis- 
tochemical and ultrastructural evaluation 
we performed, confirmed the tumors' nerve 
sheath origin as defined in the literature 
[6,27-40]. No nerves or axons were iden- 

tiffed, nor was there an associated neuro- 
fibroma. The lack of an associated nerve 
or neurofibroma is not uncommon, espe- 
cially in relationship to MPNSTs and in 
patients who do not  have associated 
neuroffbromatosis [27,32,37,38,41,42]. 

The possibility of metastatic tumor to 
the thyroid must be considered. All of the 
thyroid PNSTs occurred in patients who 
did not have a primary PNST elsewhere. 
Numerous comprehensive studies have 
shown that of all the tumors to metasta- 
size to the thyroid gland [25,43-52], very 
few are sarcomas [25,46,53-56]. There 
was no clinical association with neuro- 
fibromatosis, as defined in the recent lit- 
erature [42]. 

Whether  pr imary sarcomas of  the 
thyroid gland of any cell type exist or rep- 
resent anaplastic carcinomas with sarco- 
matoid transformation, as is believed by 
many authors [9,21,24,57-70], is perhaps 
the most argumentative issue relative to 
these sarcomas. In support of an epithelial 
derivation are reports that show anaplastic 
carcinomas demonstrate dual expression of 
cytokeratin and v iment in  [24,58,59, 
61,62,66,69-71] but not S-100 protein, 
desmin, muscle-specific actin, smooth 
muscle actin, chromogranin, or calcitonin 
[24,58,59,62,66,70]. The most convinc- 
ing finding of thyroid epithelial cell origin 
for anaplastic carcinomas with sarcomatoid 
transformation has been the electron 
microscopic findings demonstrating fea- 
tures consistent with an epithelial tumor 



Fig, 2, (A) MPNST with invasion through the thin capsule into the surrounding thyroid parenchyma. (B) Tightly packed fascicles in a vague 
"herringbone" type pattern in a MPNST. (C) Pleomorphic cells with numerous mitotic figures in a MPNST. 

Fig. 3. S-100 protein reactivity in the tumor cells of a MPNST. 
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including junctional complexes, desmo- 
somes, and terminal bars [16,24,60,72]. 
The fact that many anaplastic carcinomas 
are often seen in association with a previ- 
ous thyroid lesion (long-standing goiter or 
carcinoma) [9,21,57,60-70,73] or show a 
transition between a differentiated follicu- 
lar cell-derived tumor (e.g., papillary or fol- 
licular carcinoma) and the sarcomatoid loci 
[15,16,57,59,61,62,64-70,72,74], further 
supports an epithelial histogenesis. 

The W H O  classification of thyroid tumors 
requires that a primary thyroid sarcoma 
should only be diagnosed when there is a 
complete absence of all epithelial differen- 
tiation and there is definite evidence of 
specific sarcomatous differentiation [75]. 
We believe that the magnitude of evidence 
in our cases supports a diagnosis of pri- 
mary PNST of the thyroid gland. The 
existence of thyroid schwannomas is indis- 
putable. Therefore, if a thyroid schwan- 
noma exists, then it is reasonable to 
presume that its malignant counterpart 
may also arise in this organ. The existence 
of thyroid MPNSTs is bolstered by their 
clinical presentation and pathologic fea- 
tures. The MPNSTs occurred as isolated 
masses that developed over a short inter- 
val, were unassociated with a pre-existing 
thyroid lesion (goiter or neoplasm), and 
occurred in glands that had not been pre- 
viously irradiated (external or radioiodine). 
Further, none of our cases occurred in 
patients with any history of a primary 
(PNST) tumor elsewhere. These clinical 
features sharply contrast with those asso- 
ciated with either anaplastic carcinoma or 
metastatic sarcomas to the thyroid gland. 
There was also a lack of clinical evidence 
for neurofibromatosis. Pathologically, the 
MPNSTs were confined to a single lobe 
with an infiltrative growth into the thy- 
roid parenchyma. These tumors showed 
morphologic and ultrastructural character- 
istics of a MPNST and had an immuno- 

phenotype consistent with Schwann cell 
origin including S-100 protein and 
vimentin. More importantly, these tumors 
were uniformly negative with thyroglobu- 
fin, keratin, chromogranin, and calcitonin, 
which, in concert with the aforementioned 
reactions, virtually negates the possibility 
of epithelial or neuroendocrine derivation 
from follicular epithelial cells or C-cells, 
respectively. There was no other immuno- 
histochemical reactivity to support the 
notion of another type of sarcoma (i.e., 
fibrosarcoma, leiomyosarcoma, rhabdo- 
myosarcoma, malignant fibrous histio- 
cytoma, or angiosarcoma). 

We believe the histogenesis of thyroid 
gland PNSTs includes the sympathetic and 
parasympathetic innervation (cervical 
plexus) or possibly the sensory nerves 
[5,30,37,38,41,76] (i.e., theoretically any 
of the nerves in or around the thyroid 
gland). Although we were unable to iden- 
tify a specific nerve within the tumor, one 
of our cases (case 4) presented clinically 
with Horner's syndrome. This may support 
an origin from the cervical sympathetic 
plexus nerves, although we cannot defini- 
tively exclude invasion by the tumor into 
the nerve plexus. 

We believe that the constellation of clini- 
cal and pathologic findings in our cases 
confirms the existence of primary thyroid 
PNSTs. Certainly, the possibility that the 
tumors have been inadequately sampled, 
potentially overlooking a small portion of 
epithelial differentiation or transitional 
zone between a differentiated thyroid 
tumor and the sarcomatoid foci, needs to 
be considered [15,23,65]. However, our 
cases have been extensively sampled. 

Unfortunately, primary thyroid MPNSTs 
share a similar biology with thyroid ana- 
plastic carcinomas. These are high-grade 
and aggressive tumors that are lethal within 
a short time following diagnosis and appear 
unresponsive to all modes of therapy. This 
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is similar to MPNSTs in other anatomic 
locations, which have a 5-yr survival rate 

of  16-53% [35,37,38,41,77,78]. 
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