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ent. The ultrastructural studies published previously suggested 
the presence of Schwann cells, perineurial cells, endoneurial fi-
broblasts (5), intermediate cells (Schwann cell - fibroblast and 
Schwann - perineurial cells), scattered axons and mast cells in 
neurofibromas (6-8). Although this fact had for a long time re-
mained immunohistochemically unsubstantiated, later sever-
al studies confirmed the presence of perineurial cells in some 
neurofibromas (2,9). Eventually, using a highly sensitive detec-
tion system, Hirose et al. proved that all neurofibromas contain 
a small number of EMA positive perineurial cells (5). 

Briefly, from the genetic perspective, both neurofibromas and 
schwannomas originate from either somatic or germline biallelic 
gene mutations. NF1 gene (17q11.2) mutations with a function-
al loss of the protein neurofibromin are found in neurofibromas 
(10), whereas schwannomas typically harbor biallelic loss of the 
NF2 gene (22q12.2) function leading to loss of merlin (schwan-
nomin) protein activity (11). Similarly, perineuriomas have been 
shown to have a pathogenic relationship to the loss of NF2 gene 
function (8,12,13). In tumors that arise in patients with neurofi-
bromatosis type 1 or 2 (NF1, NF2), one allele contains a germline 
mutation of NF1 or NF2 gene respectively, whereas the second 
allele becomes mutated later in life (somatic mutation). In spo-
radic tumors, both mutations are somatic. Schwannomatosis 
is a disease defined by multiple nondermal schwannomas and 
a lack of vestibular schwannoma. Schwannomatosis-associated 
schwannomas exhibit four genetic events: non-germline biallel-
ic inactivation of the NF2 gene and mutations of the SWI/SNF 
chromatin remodeling subunit SMARCB1/INI1 (22q11.23) on 
both alleles (8,14). 

In general, our experience and that of others shows that the 
various types of biphasic lesions may manifest either abrupt 
transition of the 2 components or the two cellular components 

The issue of hybrid peripheral nerve sheath tumors (HPNST), 
i.e. tumors containing areas of schwannoma, perineurioma and 
neurofibroma in various combinations is a relatively new chap-
ter in the pathology of both soft tissue and nervous system. 
Although the existence of tumors showing hybrid features be-
tween neurofibroma and schwannoma has already been men-
tioned in earlier literature, it was only 18 years ago when the first 
major work on this topic was published by Feany et al (1). Three 
years later, the first published case of HPNST showing perineu-
riomatous differentiation (hybrid perineurioma - schwannoma) 
was presented by Zamecnik and Michal (2). 

Three main cell types constitute the normal connective tissue 
sheath of a peripheral nerve, namely Schwann cells, perineurial 
cells, and fibroblasts. Schwannomas are believed to consist of 
a nearly pure population of cells showing schwannian differen-
tiation which can be confirmed by ultrastructural examination 
of these tumors (3). Perineuriomas, the rarest lesion of the main 
triad of peripheral nerve sheath tumors (PNST), are similarly 
composed exclusively of one cell type: the neoplastic perineur-
ial cell (4). The situation is not so straightforward with respect to 
neurofibromas in which a more complex cellular mixture is pres-
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SOUHRN
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mas – neurofibromas reported so far and also probably the only 
one histologically recognizable, is in the form of two clearly sep-
arated tumor populations. They exhibit the typical features of or-
dinary neurofibroma enclosing distinct, small (usually less than 1 
cm in size), often multiple areas with larger cells containing more 
ample and eosinophilic cytoplasm, significantly higher cellularity 
and palisading nuclei corresponding to the Antoni A regions of 
schwannomas (1,11) (Figure 1A and B). Alternatively, some au-
thors categorize these tumors as neurofibromas with Schwann 
cell nodules (8). Only a  minority of some larger nodules may 
additionally contain Antoni B regions (11). The Antoni A  areas 
frequently feature hyalinized vessels, which is in contrast to the 
surrounding neurofibromatous regions, where such vessels are 
not found. Both Antoni A and B regions are strongly and diffusely 
positive for S100 protein. While an increased proliferation index 
(Ki-67) reaching as much as 18% is not uncommon in the schwan-
nomatous area (1,11), the mitotic activity is either very focal or 
absent. In the less dense neurofibromatous parts, the tumor cells 
show the characteristic elongated and wavy appearance, with 
abundant collagen fibers and there is frequent myxoid change 
in the surrounding stroma. These neurofibromatous parts show 
virtually no mitoses, stain strongly with CD34 antibody and also 
react with S100 protein, but the expression is not as diffuse when 
compared to the schwannomatous areas (11). 

There are two reasons why it is crucial to be familiar with this 
type of HPNST. The first lies in the fact that the more cellular and 
prominent schwannomatous areas could be mistaken for foci 
of malignant degeneration in a neurofibroma. Although more 
cellular, often with an increased proliferation index and occa-
sional mitoses, the Schwann cell component in these tumors 
does not show other atypical features such as hyperchromasia, 
prominent mitotic activity, atypical mitoses, necrosis en mass 
etc. Moreover, early malignant PNSTs (MPNSTs) normally do not 
grow in a nodular arrangement, as these hybrid tumors in ques-
tion do (8). 

Putting together the data of the two largest studies on this 
topic, in almost 30% (20/69) of these hybrid tumors, the neu-
rofibroma was of the plexiform type. Knowing that this kind of 
neurofibroma is almost pathognomonic for NF1 (24) it is not 
surprising to learn that such hybrid tumors arising in this set-
ting may also be associated with this syndrome. Much more sur-
prising are the facts recently reported by Harder et al (11) who 
found that NF1 is the least frequently encountered among the 
three inheritable genetic syndromes causing the development 
of PNST, namely NF1, NF2 and schwannomatosis. The authors 
reviewed PNSTs from 14 schwannomatosis patients and found 
that 71% (10/14) of them had either single or multiple hybrid 
neurofibromas - schwannomas. Separately, they also studied 
23 patients with hybrid neurofibromas – schwannomas whose 
clinical information were initially unknown. After review of their 
clinical data, the most common genetic syndrome recorded was 
NF2 (6/23) followed by schwannomatosis (4/23), whereas only 2 
patients showed the stigmata of NF 1. Additionally, the remain-
ing 11 patients showed either signs of an inherited syndrome 
which could not be accurately specified (2/11) or no clinical data 
were available for review, thus precluding further classification. 
Hence, based on this study, a clear conclusion can be drawn that 
hybrid neurofibromas – schwannomas are very frequently, if not 
always, associated with a hereditary tumor syndrome. 

Very recently, using molecular genetic methods, Stahn et al 
analyzed 22 cases of hybrid neurofibromas – schwannomas 
and among other molecular events, one of the most prominent 
findings was the uncovered monosomy of the chromosome 22 
identified in almost half of the tumors tested (14). Biallelic but 
not germline inactivation of this gene is found in all schwanno-
mas, including those diagnosed in patients with schwannoma-

are closely intermingled (15). In the latter situation, it is fre-
quently possible to determine the biphasic composition only by 
immunohistochemistry (IHC). In fact, the routine use of IHC has 
been suggested to increase the frequency of  HPNST detection 
(16). Interestingly, in cases in which the biphasic composition is 
evident on H&E-stained slides, the individual areas may occa-
sionally display patterns encountered in the less usual subtypes 
of “monophasic” PNST such as retiform (reticular) perineurioma 
(2,17,18) or epithelioid schwannoma (19,20). 

When approaching HPNST it is always essential to combine mor-
phology with immunohistochemical results. Due to the available 
antibodies for perineurial differentiation (epithelial membrane 
antigen (EMA)/Claudin-1/Glut-1), which may be considered quite 
specific in the context of HPNST, the detection of this line of dif-
ferentiation is usually not a problem. The most challenging task is 
to differentiate between a schwannoma and neurofibroma com-
ponent, especially because hybrid schwannomas - perineuriomas 
do not exhibit other classical features of schwannomas (hyalinized 
vessels, Antoni A and B zonation etc.) (21). Although both are S100 
protein positive, the Schwann cells in schwannomas are large 
spindle cells with plump nuclei. In contrast, the Schwann cells in 
neurofibromas are much smaller (21) and the nuclei have a more 
elongated, curved (8) or wavy appearance. Moreover, S100 protein 
positivity in schwannomas is much more diffuse and is present in 
practically 100% of tumor cells, while in neurofibromas the expres-
sion is more limited (approximately 50% of tumor cells). Schwan-
nomas usually contain only focal intratumoral axons, whereas 
these are often readily identifiable by IHC or by histochemical stain 
in neurofibromas (3). Although CD34 labels a fibroblastic popula-
tion in neurofibromas, it may, in up to 50% of cases, also highlight 
the perineurial cells of perineuriomas (22). Thus again, careful 
attention must be paid to the morphology of the stained cells. 
While fibroblasts in neurofibromas have a  bland round to oval 
nuclei, featuring long multipolar cytoplasmic processes (23), the 
perineurial cells are composed of very thin spindle cells with wavy 
nuclei and delicate, elongated bipolar or multipolar cytoplasmic 
processes (22). Most reported examples of hybrid neurofibroma – 
perineurioma are not morphologically much different from plexi-
form neurofibroma (15). This architectural trait was encountered 
in only one sporadic case of hybrid schwannoma – perineurioma 
(21). Also, based on the published data, the hybrid neurofibroma 
– perineurioma variant seems to be the by far least frequently en-
countered. The remaining two groups occur with comparable fre-
quency. Nevertheless, as will be further discussed, in some cases, 
a clear distinction cannot be made with certainty.

Although the whole topic of HPNST may appear of mere ac-
ademic interest, significant progress in this field has been ac-
complished since the initial reports, yielding important clinical 
implications. Hence, the ability to accurately recognize and clas-
sify HPNST proves to be substantial with respect to the manage-
ment of the patient, and in some cases, to the management of 
the patients’ whole family. 

To our knowledge, this is the first comprehensive review of 
this topic in the literature. For this purpose, the various combina-
tions of HPNST consisting of schwannomas, neurofibromas and 
perineuriomas will be addressed separately, focusing mainly on 
the morphology and their association with tumor syndromes. 
Since most of the hybrid tumors occur in a superficial (dermal or 
subcutaneous) soft tissue over a wide anatomic distribution, we 
will specify the tumor location only in cases which show devia-
tion from this scheme.

NEUROFIBROMA - SCHWANNOMA 

Due to the morphological similarities between schwannomas 
and neurofibromas, the only arrangement of hybrid schwanno-
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tive in these parts. Conversely, antibodies to EMA and claudin-1 
stained the perineuriomatous areas strongly (Figure 2B - inset) 
and reacted negatively with the spindled wavy Schwann cells. No 
CD34-positive fibroblasts and very scarce S-100 protein positive 
wavy cells were present in the perineuriomatous compartments. 

The second tumor showed a different arrangement of the two 
components that mostly merged together imperceptibly with-
in a  lesion: individual spindled cells with wavy nuclei identical 
to those found in neurofibroma were closely intermingled with 
spindled cells with bipolar or stellate nuclei corresponding to 
the perineurial cell differentiation. Thus the biphasic pattern 
was poorly discernable on HE-stained slides but was appre-
ciable on immunohistochemical slides, with the spindled cells 
having wavy nuclei manifesting S-100 protein+/EMA-/clau-
din-1- phenotype surrounded by EMA+/claudin-1+/S-100 pro-
tein- stellate cells. CD34 labeled plentiful fibroblasts distributed 
evenly within the lesion (18). Notably, this case was shown to 
contain a  point mutation in the NF2 gene (18). This group of 
authors later reported an additional and virtually identical case 
(26). A similar example is depicted in Figure 3.

In 2013, Kacerovska et al published a series of 5 patients with 
NF1 who presented with hybrid neurofibromas – perineurio-
mas. In four cases, the tumors at first glance represented ordi-
nary plexiform neurofibromas. The perineuriomatous compo-
nent was admixed in a very discreet, intermingled fashion and 
was not apparent on H&E-stained slides (Figure 4A-C). In the last 

tosis. On the contrary, patients with NF2 have germline muta-
tions found in this gene (8,25). 

NEUROFIBROMA – PERINEURIOMA

As mentioned above, the ultrastructural studies have for 
a  long time indicated the presence of perineurial cell subpop-
ulation in neurofibromas. Nevertheless, this had remained im-
munohistochemically unproven until 2001, when Zamecnik 
and Michal analyzed 99 neurofibromas and demonstrated EMA 
positive perineurial cells being present in 7 of these lesions in 
a  sparse, but quite diffuse manner (2). However, although no 
exact criteria exist, the amount of perineuriomatous tissue in 
these neurofibromas was not significant enough as to warrant 
the designation of HPNST. 

The first two cases of hybrid neurofibroma – perineurioma were 
presented four years later by Kazakov et al (18). Both tumors had 
a unique appearance but differed from one another. The first was 
a lesion with a biphasic pattern produced by areas with a retiform 
perineurioma appearance (Figure 2B; mosaic-like arrangement 
of interconnected spindle-shaped cells with bipolar or stellate 
nuclei) which gradually merged into areas which looked like an 
ordinary neurofibroma (Figure 2A; Schwann cells with spindled 
wavy nuclei). Immunohistochemically, the tumor showed abun-
dant S-100 protein positive wavy Schwann cells and CD34 pos-
itive fibroblasts in the neurofibromatous areas. EMA was nega-

Figure 1. Hybrid neurofibroma – schwannoma. A, B: These tumors exhibit the typical features of ordinary neurofibroma enclosing small often 
multiple areas with larger cells containing more ample and eosinophilic cytoplasm, significantly higher cellularity and palisading nuclei corre-
sponding to the Antoni A regions of schwannomas. In the less dense neurofibromatous parts, the tumor cells show the characteristic elongat-
ed and wavy appearance, with abundant collagen fibers and there is frequent myxoid change in the surrounding stroma.

Figure 2. Hybrid neurofibroma – perineurioma with retiform arrangement. A: Lesion with a biphasic pattern produced by areas with a retiform 
perineurioma appearance (on the left - mosaic-like arrangement of interconnected spindle-shaped cells with bipolar or stellate nuclei) which 
gradually merge into areas which look like an ordinary neurofibroma (on the right - Schwann cells with spindled wavy nuclei). B: Higher power 
view of the retiform perineurioma area with a strong claudin-1 staining (inset).
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Figure 3. Hybrid neurofibroma – perineurioma. A, B: Different arrangement of the two components that mostly merge together im-
perceptibly within a lesion: individual spindled cells with wavy nuclei identical to those found in neurofibroma are closely intermin-
gled with spindled cells with bipolar or stellate nuclei corresponding to the perineurial cell differentiation. C: The biphasic pattern is 
poorly discernible on HE-stained slides but is appreciable on immunohistochemical slides, with the spindled cells having wavy nuclei 
manifesting S-100 protein positivity. D: They are surrounded by EMA positive bipolar or stellate cells.

Figure 4. Hybrid neurofibroma – perineurioma in a patient with NF1. A: The tumors at first glance represent ordinary neurofibromas. 
The perineuriomatous component is admixed in a very discreet, intermingled fashion and is not apparent on H&E-stained slides. B: 
However, it is easily discernible on immunohistochemical staining with EMA. C: EMA negative parts are usually S100 protein positive. 
D: Several nerve fibers in the vicinity show prominent reticular networks of GLUT-1-positive perineurial cells. Among PNSTs, these 
intraneural lesions are restricted only to cases harboring hybrid neurofibroma - perineurioma. This finding supports the role of these 
intraneural lesions as precursors of hybrid neurofibroma – perineurioma.
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a part of the NF1-associated spectrum of tumors. However, two 
case reports of perineuriomas arising in the setting of NF1 are 
on record (31,32). While knowing that a  large proportion of 
HPNST is overlooked in routine practice, the findings reported 
by Kacerovska et al and by Agaimy suggest that tumors exhib-
iting perineurial cell differentiation in the setting of underlying 
NF1 may not be as uncommon as previously thought. Neverthe-
less, this by no means excludes the possibility that similarly to 
normal soft tissue perineuriomas, some HPNST with perineurial 
differentiation may still contain mutations of the NF2 gene as 
exemplified in the aforementioned study by Kazakov et al (18).

SCHWANNOMA – PERINEURIOMA

Quite similarly to the described examples of neurofibroma 
– perineurioma, the two populations found in schwannomas 
– perineuriomas can be either closely intermingled or occur in 
a  segregated manner. The cells in the perineuriomatous com-
ponent in the latter cases often also resemble retiform (reticu-
lar) perineurioma. As was mentioned previously, rare cases of 
non-hybrid PNST exist, where it is extremely difficult to pre-
cisely classify the tumor as either schwannoma or neurofibro-
ma, an opinion shared by others as well (3,33). Accordingly, the 
non-perineuriomatous component in hybrid tumors can also 
have ambivalent features of both schwannoma and neurofibro-
ma (18). Hence, admittedly, the final classification of HPNST as 
hybrid neurofibroma - perineurioma or hybrid schwannoma - 
perineurioma may be quite subjective in certain cases. This fact 
was best illustrated in the aforementioned study by Zamecnik 
and Michal (2). In addition to the examples of neurofibroma 
with focal perineuriomatous differentiation, one unique case 
where the latter moiety was much more prominent was identi-
fied by the authors who described this tumor as having features 

case, areas with perineuriomatous differentiation were clearly 
visible on H&E-stained slides as spindled cells with bipolar or 
stellate nuclei arranged in short fascicles or whorls. The neuro-
fibromatous element resembled diffuse neurofibroma and the 
2 components were segregated from one another. In addition 
to the bland-looking neurofibromatous and perineuriomatous 
areas, there were multifocal hypercellular areas showing numer-
ous mitotic figures and closely packed epithelioid and spindled 
pleomorphic cells arranged in nests and fascicles which were 
classified as features of MPNST. The neoplastic cells in the malig-
nant areas stained for S-100 protein and were negative for EMA, 
GLUT-1, and Claudin-1 (15). Although neurofibroma can on rare 
occasion be a benign precursor to MPNST and several tumors 
classified as MPNST with perineurial differentiation have also 
been described (27-29), this was the first and so far the only case 
of MPNST reported in any type of HPNST. 

Interesting observations regarding the relationship between 
hybrid neurofibromas – perineuriomas and NF1 have recently 
been reported by Agaimy (30). Employing immunohistochem-
ical antibodies for perineurial differentiation (EMA, Claudin-1, 
GLUT- 1) he analyzed histologically normal-looking nerve fibers 
in resections specimens harboring PNSTs from NF1 patients. 
Of these, several nerve fibers showed prominent reticular net-
works of EMA/claudin-1/GLUT-1-positive perineurial cells. These 
intraneural lesions were restricted practically only to cases 
harboring hybrid neurofibroma – perineurioma and were not 
present in other PNSTs. This finding supports the role of these 
intraneural lesions as precursors of hybrid neurofibroma - peri-
neurioma (30). Identical intraneural proliferations of perineurial 
cells were also present in our series of NF1 associated hybrid 
neurofibromas – perineuriomas (15) (Figure 4D).

Perineuriomas have shown a pathogenic relationship to loss 
of NF2 gene function (8,12,13) and are generally not considered 

Figure 5. Hybrid schwannoma – retiform perineurioma. A: The lesions feature a multilobular architecture. The variably sized and 
shaped lobules are separated by variably thick collagenous septae. The schwannomatous component (central part) consists of elon-
gated cells with tapered, spindled nuclei, mostly arranged in a compact Antoni A pattern and the cells, in contrast to the perineurial 
cells, have deeply eosinophilic cytoplasm. B: The perineuriomatous component has the appearance of retiform perineurioma and is 
EMA positive. C: S100 protein is positive in the schwannomatous areas and negative in the perineuriomatous parts. D: EMA staining 
of the perineuriomatous area.
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admixture of the two cell types. The tumors showed a wide an-
atomic distribution, and no association with NF1 was record-
ed, both findings being confirmed later in an additional study 
on this topic by different authors (36). Microscopically, on low 
magnification, the first impression of these tumors was that of 
perineurioma, mainly due to the prominent storiform, lamellar 
and whorled growth patterns (Figure 6A). However, on higher 
magnification, the dominant cytology was schwannian, with 
the slender, elongated perineurial cells being obscured by the 
more numerous and large Schwann cells. Notably, degenerative 
nuclear atypia in the form of scattered pleomorphic cells with 
hyperchromatic, smudged nuclei was present in one quarter of 
the cases (Figure 6B) (21). By IHC, the dual cell population was 
again readily appreciable. Using the elegant method of dou-
ble immunostaining, the authors clearly illustrated that these 
tumors are composed of two separate populations of cells ar-
ranged in parallel arrays. Usually constituting 60-70% of the le-
sion, the larger cells were stained with S100 protein (Figure 6C), 
whereas the second type of cell expressed the EMA antibody 
(Figure 6D). Although practically all the cases were diffusely la-
beled with CD34, the authors did not interpret this feature as 
fibroblastic staining. Instead, they concluded, that this staining 
was present in the perineurial cells, a feature that may occur in 
more than 50% of perineuriomas (22). 

Included in this series and also reported earlier in a separated 
case report (37) was hybrid schwannoma – perineurioma occur-
ring in the colon, the first ever reported HPNST of the GI tract. 
Later, additional GI cases were reported in other parts of the 
GI tract (36,38). All lesions were morphologically analogous to 
the schwannoma – perineurioma of soft tissue as described by 
Hornick et al (21), thus having features very different from con-
ventional GI schwannomas. The differentiating traits include dif-

of both neurofibroma and retiform perineurioma. In 2004, while 
preparing another study on hybrid schwannomas - retiform 
perineuriomas, this case was re-reviewed by the authors and 
together with five other similar cases, it was immunohistochem-
ically studied for the presence of neurofilament protein and 
CD34 expression, which label axons and fibroblasts in neurofi-
bromas respectively (5). The nonperineuriomatous parts of all 
tested tumors were found to be devoid of axons, and only a few 
CD34-positive cells were detected. Based upon these findings 
the tumor was reclassified as hybrid schwannoma – perineuri-
oma (34), thus representing the first published example of this 
kind. Overall, this tumor as well as all other 5 lesions included 
in the study occurred on the hands, with a predilection for the 
fingers. Importantly, no association with any syndrome was not-
ed. Microscopically, the lesions featured a multilobular architec-
ture. The variably sized and shaped lobules were separated by 
variably thick collagenous septae (Figure 5A). The schwanno-
matous component (Figure 5C; S-100 protein +/EMA and CD34 
-) consisted of elongated cells with tapered, spindled nuclei, 
mostly arranged in a  compact Antoni A  pattern and the cells, 
in contrast to the perineurial cells, had deeply eosinophilic cy-
toplasm (Figure 5A). The perineuriomatous component had the 
appearance of retiform perineurioma (Figure 5B) and was S-100 
protein/CD34 negative and EMA positive (Figure 5D). These two 
components either formed separate nodules or the schwanno-
matous tissue surrounded the perineurial parts located in the 
centers of the lobules (Figure 5A) (34). 

The largest series of hybrid schwannomas – perineuriomas 
was published by Hornick et al, first in an abstract form at the 
annual USCAP meeting in 2004 (35), and then, several years lat-
er, as a full article (21). Unlike the previous studies on this topic, 
the authors presented tumors composed purely of an intimate 

Figure 6. Hybrid schwannoma – perineurioma. A: On low magnification, the first impression of these tumors is rather that of a peri-
neurioma, mainly due to the prominent storiform, lamellar and whorled growth patterns. B: However, on higher magnification, the 
dominant cytology is schwannian, with the slender, elongated perineurial cells being obscured by the more numerous and large 
Schwann cells. Notably, nuclear atypia in the form of scattered pleomorphic cells with hyperchromatic, smudged nuclei is often 
present and does not herald malignant behavior in such cases. C: By IHC, the dual cell population is again readily appreciable with 
positive staining for S100 protein in the larger cells. D: Conversely, the more slender and elongated perineurial cells stain with EMA.
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CONCLUSION

The research of HPNST has yielded several important findings, 
especially with respect to the clinical management of the pa-
tients and their kindred. Hybrid neurofibromas – schwannomas 
show a very strong association with NF2 and schwannomatosis 
and, to a lesser degree, with NF1. It is important not to confuse 
these tumors with a malignant transformation in neurofibroma. 
NF1 may further provide the genetic background for the de-
velopment of neurofibromas – perineuriomas. Attention must 
be paid to accurately interpret the non-perineuriomatous part 
of these tumors and not to mistake them for schwannomas – 
perineuriomas which seem to be non-syndromic tumors. How-
ever, occasionally, the distinction may be extremely difficult 
and there seem to be rare cases, where all three components 
can coexist in one specimen. Further research, especially with 
respect to the genetic background of these tumors is needed, 
as the exact molecular events occurring in these tumors remain 
largely unknown.
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ferent growth patterns, an absence of peripheral lymphoid cuff, 
more prominent and diffuse CD34 expression and the presence 
of alternating fascicles of schwannian and perineurial cells, as 
again confirmed by double immunostaining (38). 

Finally, very recently, Kacerovska et al. reported a case where the 
schwannomatous moiety showed prominent epithelioid features 
and was thus classified as hybrid epithelioid schwannoma – peri-
neurioma. These epithelioid cells were arranged singly or in small 
aggregates or short cords and although closely admixed, due to 
the larger size of the Schwann cells in this case, the biphasic com-
position was well apparent already on the H&E-stained slides (20).

SCHWANNOMA - NEUROFIBROMA - PERINEURIOMA

As repeatedly discussed in this review, some tumors are re-
markably difficult to fit not only into one specific category of 
schwannoma, neurofibroma or perineurioma, but even into 
the various categories of hybrid tumors. One tumor, arising on 
a sporadic basis and classified as a hybrid tumor containing all 
three PNST types was reported in the nasopharyngeal area by 
Kuroda et al (39). Another such lesion was encountered in a pa-
tient with NF1 and is illustrated in the Figure 8 in the review by 
Rodriguez et al (40). Furthermore, as mentioned in one of our 
publications (15), due to the quite pronounced and illustrated 
presence of perineurial cells in some cases reported by Harder et 
al (11), some of them might in fact represent HPNST containing 
neurofibromatous, schwannomatous, and perineuriomatous 
differentiation. However, admittedly, at present no quantitative 
criteria for such a classification exists.

1. Feany MB, Anthony DC, Fletcher CD. Nerve 
sheath tumours with hybrid features of neuro-
fibroma and schwannoma: a conceptual chal-
lenge. Histopathology 1998; 32(5): 405-410.

2. Zámečník M, Michal M. Perineurial cell dif-
ferentiation in neurofibromas. Report of eight 
cases including a  case with composite peri-
neurioma-neurofibroma features. Pathol Res 
Pract 2001; 197(8): 537-544.

3. Nascimento AF, Fletcher CD. The controversial 
nosology of benign nerve sheath tumors: neu-
rofilament protein staining demonstrates intra-
tumoral axons in many sporadic schwannomas. 
Am J Surg Pathol 2007; 31(9): 1363-1370.

4. Lazarus SS, Trombetta LD. Ultrastructural 
identification of a  benign perineurial cell tu-
mor. Cancer 1978; 41(5): 1823-1829.

5. Hirose T, Tani T, Shimada T, Ishizawa K, 
Shimada S, Sano T. Immunohistochemical 
demonstration of EMA/Glut1-positive peri-
neurial cells and CD34-positive fibroblastic 
cells in peripheral nerve sheath tumors. Mod 
Pathol 2003; 16(4): 293-298.

6. Erlandson RA, Woodruff JM. Peripheral 
nerve sheath tumors: an electron microscopic 
study of 43 cases. Cancer 1982; 49(1): 273-287.

7. Hirose T, Sano T, Hizawa K. Ultrastructural 
localization of S-100 protein in neurofibroma. 
Acta Neuropathol 1986; 69(1-2): 103-110.

8. Antonescu CR, Scheithauer BW, Woodruff 
JM. AFIP atlas of tumor pathology (Series 4): 
Tumors of the peripheral nervous system. Sil-
ver Spring, Maryland: ARP Press; 2013.

9. Michal M, Kazakov DV, Hadravský L, Mi-
chalový K, Rychlý B, Michal M. Multivacuo-
lated mucin-filled cells: a  unique cell charac-

teristic of plexiform neurofibroma. A report of 
11 cases. Hum Pathol 2017; 60(2): 167-173.

10. Petrák B, Bendová Š, Lisý J, et al. Neurofi-
bromatosis von Recklinghausen typ 1 (NF1) 
- klinický obraz a molekulárně-genetická diag-
nostika. Cesk Patol 2015; 51(1): 34-40.

11. Harder A, Wesemann M, Hagel C, et al. Hy-
brid neurofibroma/schwannoma is overrepre-
sented among schwannomatosis and neuro-
fibromatosis patients. Am J Surg Pathol 2012; 
36(5): 702-709.

12. Giannini C, Scheithauer BW, Jenkins RB, et 
al. Soft-tissue perineurioma. Evidence for an 
abnormality of chromosome 22, criteria for di-
agnosis, and review of the literature. Am J Surg 
Pathol 1997; 21(2): 164-173.

13. Lasota J, Fetsch JF, Wozniak A, Wasag B, 
Sciot R, Miettinen M. The neurofibromatosis 
type 2 gene is mutated in perineurial cell tu-
mors: a molecular genetic study of eight cases. 
Am J Pathol 2001; 158(4): 1223-1229.

14. Stahn V, Nagel I, Fischer-Huchzermeyer 
S, et al. Molecular Analysis of Hybrid Neuro-
fibroma/Schwannoma Identifies Common 
Monosomy 22 and alpha-T-Catenin/CTNNA3 
as a Novel Candidate Tumor Suppressor. Am J 
Pathol 2016; 186(12): 3285-3296.

15. Kacerovská D, Michal M, Kuroda N, et al. 
Hybrid peripheral nerve sheath tumors, in-
cluding a  malignant variant in type 1 neuro-
fibromatosis. Am J Dermatopathol 2013; 35(8): 
641-649.

16. Pusiol T, Zorzi MG, Morichetti D, Piscioli F. 
Routine use of immunohisto-chemistry may 
increase the frequency of hybrid peripheral 
nerve sheath tumors. Am J Dermatopathol 

2011; 33(8): 634-636.
17. Michal M. Extraneural retiform perineuriomas. 

A  report of four cases. Pathol Res Pract 1999; 
195(11): 759-763.

18. Kazakov DV, Piťha J, Šíma R, et al. Hybrid 
peripheral nerve sheath tumors: Schwanno-
ma-perineurioma and neurofibroma-perineu-
rioma. A  report of three cases in extradigital 
locations. Ann Diagn Pathol 2005; 9(2): 16-23.

19. Kindblom LG, Meis-Kindblom JM, Havel G, 
Busch C. Benign epithelioid schwannoma. Am 
J Surg Pathol 1998; 22(6): 762-770.

20. Kacerovská D, Michal M, Kazakov DV. Hy-
brid Epithelioid Schwannoma/Perineurioma. 
Am J Dermatopathol. 2016; 38(7): e90-92.

21. Hornick JL, Bundock EA, Fletcher CD. Hy-
brid schwannoma/perineurioma: clinicopath-
ologic analysis of 42 distinctive benign nerve 
sheath tumors. Am J Surg Pathol 2009; 33(10): 
1554-1561.

22. Hornick JL, Fletcher CD. Soft tissue perineuri-
oma: clinicopathologic analysis of 81 cases in-
cluding those with atypical histologic features. 
Am J Surg Pathol 2005; 29(7): 845-858.

23. Weiss SW, Nickoloff BJ. CD-34 is expressed by 
a distinctive cell population in peripheral nerve, 
nerve sheath tumors, and related lesions. Am J 
Surg Pathol 1993; 17(10): 1039-1045.

24. McCarron KF, Goldblum JR. Plexiform neu-
rofibroma with and without associated ma-
lignant peripheral nerve sheath tumor: a clin-
icopathologic and immunohistochemical 
analysis of 54 cases. Mod Pathol 1998; 11(7): 
612-617.

25. Rodriguez FJ, Stratakis CA, Evans DG. Ge-
netic predisposition to peripheral nerve neo-

REFERENCES



88 ČESKO-SLOVENSKÁ PATOLOGIE 1 I 2017

plasia: diagnostic criteria and pathogenesis 
of neurofibromatoses, Carney complex, and 
related syndromes. Acta Neuropathol 2012; 
123(3): 349-367.

26. Shelekhova KV, Danilova AB, Michal M, 
Kazakov DV. Hybrid neurofibroma-perineuri-
oma: an additional example of an extradigital 
tumor. Ann Diagn Pathol 2008; 12(6): 233-234.

27. Zámečník M, Michal M. Malignant peripheral 
nerve sheath tumor with perineurial cell differ-
entiation (malignant perineurioma). Pathol Int 
1999; 49(1): 69-73.

28. Hirose T, Sumitomo M, Kudo E, et al. Malig-
nant peripheral nerve sheath tumor (MPNST) 
showing perineurial cell differentiation. Am J 
Surg Pathol 1989; 13(7): 613-620.

29. Hirose T, Hasegawa T, Kudo E, Seki K, Sano T, 
Hizawa K. Malignant peripheral nerve sheath 
tumors: an immunohistochemical study in re-
lation to ultrastructural features. Hum Pathol 
1992; 23(8): 865-870.

30. Agaimy A. Microscopic intraneural perineurial 
cell proliferations in patients with neurofibroma-
tosis type 1. Ann Diagn Pathol 2014; 18(4): 95-98.

31. Schaefer IM, Strobel P, Thiha A, et al. Soft tis-
sue perineurioma and other unusual tumors in 
a patient with neurofibromatosis type 1. Int J 
Clin Exp Pathol 2013; 6(12): 3003-3008.

32. Ausmus GG, Piliang MP, Bergfeld WF, 
Goldblum JR. Soft-tissue perineurioma in 
a  20-year-old patient with neurofibromatosis 
type 1 (NF1): report of a case and review of the 
literature. J Cutan Pathol 2007; 34(9): 726-730.

33. Zámečník M. Hybrid neurofibroma/schwan-
noma versus schwannoma with Antoni B ar-
eas. Histopathology 2000; 36(5): 473-474.

34. Michal M, Kazakov DV, Belousova I, Bisceg-
lia M, Zamecnik M, Mukensnabl P. A benign 
neoplasm with histopathological features of 
both schwannoma and retiform perineurioma 
(benign schwannoma-perineurioma): a report 
of six cases of a  distinctive soft tissue tumor 
with a  predilection for the fingers. Virchows 
Arch 2004; 445(10): 347-353.

35. Bundock EA FC. Nerve sheath tumors with 
hybrid features of perineurioma and schwan-
noma [abstract]. Modern Pathology 2004; 
17(suppl 1):12A.

36. Yang X, Zeng Y, Wang J. Hybrid schwanno-
ma/perineurioma: report of 10 Chinese cases 
supporting a distinctive entity. Int J Surg Pathol 
2013; 21(2): 22-28.

37. Emanuel P, Pertsemlidis DS, Gordon R, Xu 
R. Benign hybrid perineurioma-schwannoma 
in the colon. A case report. Ann Diagn Pathol 
2006; 10(12): 367-370.

38. Agaimy A, Michal M. Hybrid schwanno-
ma-perineurioma of the gastrointestinal tract: 
a clinicopathologic study of 2 cases and reap-
praisal of perineurial cells in gastrointestinal 
schwannomas. Appl Immunohistochem Mol 
Morphol 2011; 19(10): 454-459.

39. Kuroda N, Kazakov DV, Hes O, et al. Hybrid 
peripheral nerve sheath tumor of the nasal 
cavity showing schwannomatous, neurofibro-
matous, and perineuriomatous areas. Med Mol 
Morphol 2010; 43(6): 82-85.

40. Rodriguez FJ, Folpe AL, Giannini C, Perry A. 
Pathology of peripheral nerve sheath tumors: 
diagnostic overview and update on selected 
diagnostic problems. Acta Neuropathol 2012; 
123(3): 295-319.


