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Abstract
Mesenchymal neoplasms of the uterus (corpus and cervix) encompass a heterogeneous group of tumors with differing
morphologies, immunophenotypes and molecular alterations. With the advent of modern molecular techniques, such as next
generation sequencing, newly defined genetic abnormalities are being reported in this group of neoplasms. Herein we report
the clinicopathological and molecular features of a series of 13 spindle cell sarcomas of the uterus and vagina (10 cervix,
2 uterine corpus, 1 vagina) with morphology resembling fibrosarcoma. After targeted RNA-sequencing, dual FISH fusion
and array-CGH analysis, 7 of 13 tumors exhibited NTRK rearrangements (6 TPM3-NTRK1 and 1 EML4-NTRK3) and 3 a
COL1A1-PDGFB fusion; in the other 3 neoplasms, all of which were positive with S100 (2 diffuse, 1 focal), we identified no
rearrangement. All the NTRK fusion-positive sarcomas were located in the cervix and exhibited diffuse staining with Trk
while all the other neoplasms were negative. CD34 was diffusely positive in all 3 of the COL1A1-PDGFB fusion sarcomas.
The latter molecular abnormality is identical to that commonly found in dermatofibrosarcoma protuberans and has not been
reported previously in uterine mesenchymal neoplasms. We suggest that uterine sarcomas with a morphology resembling
fibrosarcoma (and in which leiomyosarcoma and the known molecularly confirmed high-grade endometrial stromal
sarcomas have been excluded) can be divided into 3 groups:- an NTRK fusion group, a COL1A1-PDGFB fusion group and a
group containing neither of these molecular abnormalities which, on the basis of positive staining with S100, could be
tentatively classified as malignant peripheral nerve sheath tumor, although additional molecular studies may identify specific
genetic alterations necessitating a nomenclature change. We suggest a diagnostic algorithm when reporting such neoplasms.
Identification of these newly described fusion-associated sarcomas is important given the potential for targeted treatments.
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Introduction

Mesenchymal neoplasms of the uterus (corpus and cervix)
encompass a heterogeneous group of tumors with differing
morphologies and immunophenotypes. The most common
malignant mesenchymal neoplasms are leiomyosarcoma,
low-grade and high-grade endometrial stromal sarcoma
(YWHAE or BCOR rearranged), and undifferentiated sar-
coma [1]. A variety of other malignant mesenchymal
neoplasms occur rarely within the uterus, including malig-
nant peripheral nerve sheath tumors which are most
common in the cervix [2–4]. In 2011, 2 of us (TAL, AMM)
coauthored a report of 3 cases of a rare malignant cervical
mesenchymal neoplasm which was termed endocervical
fibroblastic malignant peripheral nerve sheath tumor (neu-
rofibrosarcoma) [5]; these cervical neoplasms were com-
posed of fascicles of spindle cells arranged in herringbone,
fascicular, and storiform patterns and were positive with
S100 and CD34 [5].

Recently a series of 4 uterine mesenchymal neoplasms
harboring NTRK (Neurotropic Tyrosine Receptor kinase)
rearrangements was reported [6]. These neoplasms were
described as having morphological features resembling
fibrosarcoma and exhibited brisk mitotic activity and
sometimes focal necrosis; immunohistochemically, there
was variable expression of smooth muscle actin and
S100, while SOX10, estrogen receptor (ER), progesterone
receptor (PR), desmin, and CD34 were negative [6]. The 4
neoplasms expressed Trk (Tropomyosin Related Kinase)
and harbored NTRK rearrangements (RBPMS-NTRK3,
TPR-NTRK1, LMNA-NTRK1, and TPM3-NTRK1) [6]. The
authors noted that endocervical fibroblastic malignant
peripheral nerve sheath tumors bore some morphological
and immunohistochemical resemblance to the neoplasms
they reported and speculated that the former may represent
NTRK fusion-positive uterine sarcomas.

Herein we report the clinicopathological and molecular
features of a series of 13 spindle cell sarcomas of the uterus
and vagina (10 cervix, 2 corpus, 1 vagina) with features
resembling fibrosarcoma. We investigated these for NTRK
abnormalities and show that NTRK rearrangements are
common in these neoplasms. We also report the COL1A1-
PDGFB fusion in a subset of these tumors; as far as we are
aware, this fusion has not previously been reported in
uterine mesenchymal neoplasms.

Materials and methods

Case selection

Thirteen tumors were derived from the in-house material
and consultation practice of the pathology departments to

which the authors are affiliated. The cases had all been
diagnosed as malignant peripheral nerve sheath tumor or as
undifferentiated sarcoma composed of uniform cells and
resembling fibrosarcoma. The cases included the 3 origin-
ally reported endocervical fibroblastic malignant peripheral
nerve sheath tumors (neurofibrosarcoma) [5]. Ten tumors
were located in the cervix, 2 in the corpus and 1 in vagina.
For two cases (10 and 12), we analyzed the primary tumor
and the recurrence. Leiomyosarcomas, endometrial stromal
sarcomas (low-grade and high-grade) and undifferentiated
sarcomas composed predominantly of pleomorphic cells
were not included in the study. All available slides were
reviewed by two of the authors (SC and WGM); in con-
sultation cases, often all of the slides were not available for
examination.

Immunohistochemistry

Immunohistochemistry for Trk was performed on 4 micron
thick sections. The primary antibody was a rabbit mono-
clonal anti- Trk (pan) covering Trk A, B and C (clone
A7H6R, 92991 S, Ozyme, Cell Signaling). A dilution of
1/50 was used with 52 min incubation on a Benchmark
ULTRA (Roche-Ventana, Tucson, AZ) and detection Kit
Optiview DAB IHC (reference: 760-500). Heat-induced
antigen retrieval was performed using Cell Ventana Con-
ditioning buffer (CC1 standard) for 64 min. An infantile
fibrosarcoma with a known NTRK fusion served as a
positive external control.

A variety of other immunohistochemical stains were also
undertaken. Most of these were performed at the various
institutions during the original reporting of the neoplasms
while others were undertaken during the preparation of this
manuscript.

RNA Extraction and RNA-Sequencing

RNA was extracted from 14 macrodissected formalin fixed
paraffin embedded tumor blocks according to the protocol
Maxwell® RSC RNA formalin fixed paraffin embedded Kit
(Promega®); in 1 case (case 13), sequencing was not per-
formed. Tumor cell percentage varied from 20% to 80%
(mean value 72%). Total RNA (200 to 250 ng) was reverse
transcribed to cDNA. Libraries were prepared using the
CTL FusionPlex Assay for Illumina Platform (ArcherDx®)
following the manufacturer’s Protocol [7] and sequenced
using MiSeq (Illumina, San Diego, CA).

Data were analyzed using the CTL Target Region File
and vendor supplied software (Archer Analysis, version
5.0). A minimum of 5 reads with 3 unique sequencing start
sites that cross the breakpoints was set as the cutoff value to
indicate strong evidence of fusions. The percentage of
fusion reads is calculated as following: only reads spanning
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the breakpoint are considered to support the fusion/isoform.
The percentage is calculated in reference to the total number
of reads intersecting the genomic locations on either side of
the primary breakpoint, restricted to RNA reads for RNA
workflows. Paired reads where both reads completely cover
only one of the genes are not considered as supporting a
gene fusion. The cutoff is defined as 10%.

Reverse transcriptase PCR (RT-PCR) and sanger
sequencing for chimeric transcript validation

From 100 ng to 1 μg RNA were reverse transcribed with the
expand reverse transcriptase (Roche) with the specific
complementary reverse PCR primers (Table 1). PCR pro-
ducts were then amplified with the Platinum™ Taq DNA
Polymerase (Invitrogen™) with the thermal cycling profile
of 95 °C for 10 min, then 35 cycles of 95 °C for 30 s, 58 °C
for 45 s, 72 °C for 45 s, with a final extension at 72 °C for
10 min. Direct sequencing was performed with the same
primers using the Big-Dye DyeDeoxy terminator cycle
sequencing kit (Applied Biosystems, Foster City, CA).
Sequencing reactions were carried out on the ABI
Prism 3100 Genetic Analyzer (Applied Biosystems, Foster
City, CA).

DNA extraction and array-comparative genomic
hybridization (CGH) analysis

Genomic DNA was extracted from formalin fixed paraffin
embedded tissues using QIAmp®DSP DNA formalin fixed
paraffin embedded tissue kit according to the manu-
facturer’s protocol for DNA isolation (Qiagen®) after
RNAse digestion. A cutoff of 50% of cellularity in tumor
samples was set for the analysis. DNA was hybridized onto
8 × 60 K whole-genome arrays (G4450A; Agilent® Tech-
nologies) according to the manufacturer’s protocol. Micro-
array Scanner and images were analyzed by Feature
Extraction V10.7.3.1 followed by Agilent® Cytogenomic
software 4.0.3.12. The ADM-2 algorithm of the CGH
Analytics v4.0.76 software (Agilent® Technologies) was
used to identify the DNA copy number abnormalities at the
probe level. A low-level copy number gain was defined as a
log 2 ratio > 0.25 and a copy number loss was defined
as a log 2 ratio <−0.25. A high-level gain or amplification

was defined as a log 2 ratio > 1.5 and a homozygous dele-
tion was suspected when the ratio was <−1.5. The range for
Derivative Log ratio spread cutoff was fixed to 0.50.

The genomic index was calculated for each profile as
follows: Genomic Index=A²/C, where A is the total
number of alterations (segmental gains and losses) and C is
the number of involved chromosomes [8, 9].

Fluorescence in situ hybridization (FISH)

A COL1A1-PDGFB FISH double fusion was performed in
order to validate the observation in 2 cases in our series of
unbalanced breaks on chromosomes 17 and 22 (involving
the genes COL1A1 and PDGFB) by array-CGH analysis as
well in 4 other cases (1, 2, 7 and 13).

FISH assay was performed on 4 micron whole tissue
sections using a commercially available COL1A1/PDGFB
dual-fusion probe (ZytoLight® SPEC COL1A1/PDGFB
Dual Color Dual Fusion Probe, Zytovision) and the
Histology FISH accessory kit (DAKO) according to the
manufacturer’s instructions. Nuclei were scored for non-
translocated patterns (split orange and green signals) and
translocated patterns (at least one fusion signal) using a
Nikon Eclipse 80i fluorescent microscope with appropriate
filters (Nikon). For each case, 50 tumor nuclei were coun-
ted, and a come-together signal (orange and green merged
signals) in more than 30% of the tumor nuclei was con-
sidered a positive result. Pictures were captured using a
Pathscan Combi (Excilone).

Results

The clinical and pathological features are presented in
Table 2 and the immunohistochemical, RNA-sequencing
and genomic data in Table 3.

RNA-sequencing results and sanger sequencing

Seven of the 13 tumors harbored a NTRK rearrangement
(6 TPM3-NTRK1 and 1 EML4-NTRK3). In 5 tumors (cases
3, 4, 8, 9, 12), the rearrangement was recurrent affecting
exon 6 of TPM3 gene and exon 10 of NTRK1 gene. In
1 tumor (case 11), the fusion was located between exon 4

Table 1 Primer Sequences for Sanger Sequencing

Sens primer name Forward Reverse primer name Reverse

TPM3_6+ 5′-TGAGAGATCGGTAGCCAAGC-3′ NTRK1- 5’-AGAAAGGAAGAGGCAGGCAA-3’

TPM3_4+ 5′-GAACGCACAGAGAGGAACGAG-3′ NTRK1- 5’-AGAAAGGAAGAGGCAGGCAA-3’

EML4-2+ 5′-TGATGTTTTGAGGCGTCTTG-3′ NTRK3_4- 5’-ACG GAA GTA CTG GGG GTT CT-3’

BETA2m+ 5′- TGACTTTGTCACAGCCCAAGATA -3’ BETA2m- 5’-AAT CCA AAT GCG GCA TCT TC -3’
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of TPM3 and exon 10 of NTRK1. The EML4-NTRK3 fusion
involved exon 2 of EML4 gene and exon 14 of the NTRK3
gene (case 5). The gene annotation was performed accord-
ing to the hg19 assembly with the following gene reference:
EML4 NM_001145076.1, NTRK3 NM_001012338.2,
NTRK1 NM_002529.3 and TPM3 NM_001278188.1. The
specific fusion transcript was confirmed by Sanger
sequencing in all positive cases (Fig. 1g).

The TPM3-NTRK1 fusion transcript (consisting of the
TPM3 exon 6 fusion with the NTRK1 exon 10) was also
detected in case 10 but in a small proportion (6%) and only
in the primary tumor and not in the recurrence. The fusion
proportion was below the 10% cutoff defined by the sup-
plier. The TPM3-NTRK1 fusion transcript was confirmed by

Sanger sequencing. However, it was considered not relevant
since it was only present in the primary tumor and the
percentage of the fusion transcript for the positive tumors
ranged from 56 to 90%.

Case 7 was not interpretable with ARCHERDX®CTL
panel RNA-sequencing. Therefore the tumor was analyzed
by Sanger sequencing for TPM3 (exon 6)-NTRK1 (exon 10),
TPM3 (exon 4)-NTRK1 (exon 10) and EMLA (exon 2)-
NTRK3 (exon 14) fusion transcripts and no specific fusion
transcript nor translocation were detected. Case 13 was only
tested by Sanger sequencing for the same primers and no
fusion was detected. In all cases, β2microglobulin sequence
serving as a positive control, was obtained. In those cases
where the primary and recurrent tumors were analyzed, an

Table 3 Immunohistochemical, RNA-Sequencing and Genomic Data

Case CD34 S100 Desmin ER/PR Trk Cyclin D1 BCOR Translocation
frequency

ArrayCGH
GI

9p21.3 deletion
(CDKN2A)

1 N D N N/N N 80% < 5% No 21.4 homozygous
1.3 MB

2 D F N N/N N 90% < 5% No 12.5 no

3 D D N N/N D 80% 0 TPM3/NTRK1
59%

2 heterogyzous
0.5 MB

4 D D N N/N D 90% 0 TPM3/NTRK1
80%

5.3 homozygous
0.1 MB

5 D D N N/N D 30% 0 EML4/NTRK3
90%

21.3 Homozygous
0.3 MB

6 D N N N/N N 15% 0 COLA1A/PDGFB
56%

9.14 no

7 N D N N/N N 80% 0 No 5.3 heterogyzous
1.6 MB

8 D D N ERN/PR few nuclei
positive

D 90% 0 TPM3/NTRK1
84%

12.25 Heterozygous
1.6 MB

9 F D N N/N D 90% < 5% TPM3/NTRK1
87%

8.3 Homozygous
0.5 MB

10 D N ND N/N N 10% 0 TPM3/NTRK1
6%a

COLA1A/PDGFB
86%

16.2 no

10 N N 75% 0 COLA1A/PDGFB
86%

NI NI

11 D D N N/N D 80% 0 TPM3/NTRK1
57%

NI NI

12 D F and
weak

N N/N D 20% 0 TPM3/NTRK1
86%

6.25 heterozygous
1 MB

12 N D 30% 0 TPM3/NTRK1
85%

20.5 homozygous,
0.9 MB

13 D N N N/N N 90% 0 COLA1A/PDGFB
74%

ND ND

Other immunohistochemical markers were performed in many of the cases.

MB megabase, ER estrogen receptor, PR progesterone receptor, CGH comparative genomic hybridization, ND not done, F focal < 50% of tumor
cells, D diffuse, > 50% of tumor cells, N negative, NI not Interpretable
aCase 10 harbored the TPM3/NTRK1 fusion in a small percentage (6%) only in the primary tumor and not in the recurrence. As such, it was
considered negative for NTRK rearrangement.
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identical molecular abnormality was found in both neo-
plasms (with the exception of TPM3-NTRK1 fusion in case
10, as discussed above).

Array-CGH genomic profile and FISH dual fusion
results

Among the 14 available array-CGH profiles, 11 tumors
were interpretable (Table 3). The tumors showed low
rearranged genomic profiles (mean Genomic Index= 11.7;
range from 3 to 21.4). No significant differences were
observed in the genomic complexity between the profiles of
the NTRK rearranged tumors and the other neoplasms (p=
0.7). The array-CGH analysis of the NTRK rearranged
tumors did not show any unbalanced rearrangement of
NTRK1 or NTRK3. On the contrary, 2 tumors (cases 6 and
10, primary tumor and recurrence in case 10) showed
intrachromosomal breaks involving COL1A1 on chromo-
some 17q21.33 and PDGFB on chromosome 22q13.1
(Fig. 3e). FISH dual fusion was performed on these 2
tumors (3 samples) with unbalanced 17-22 rearrangement
and also on case 13 which morphologically exhibited a
pronounced herringbone and storiform architecture and
lacked NTRK-rearrangements. This analysis showed
COL1A1-PDGFB fusion in 56%, 86% and 74% of the
tumor cells (cases 6, 10 and 13 respectively) (Fig. 3c).

Interestingly among the 12 interpretable tumors at CGH
analysis, 9 showed a loss of CDKN2A gene (chr 9p21;3), 5
homozygous (cases 1,4,5,9 and the recurrence of case 12) and
4 heterozygous (case 3, 7, 8 and the primary tumor of case 12)
(Table 3). The losses were localized, involving short chro-
mosomic regions (between 0.1.and 1.6Mb) (Fig. 2h).

Trk Immunohistochemistry

Among the 13 tumors, there was diffuse cytoplasmic Trk
positivity in 7 (in case 12, both the primary and recurrent
tumor were diffusely positive); no nuclear immunor-
eactivity was observed. All positive tumors harbored a
NTRK rearrangement.

The single tumor (case 10) which harbored a TPM3-NTRK1
fusion at low frequency (6%) was negative for Trk. As dis-
cussed, the rearrangement was detected in low percentage in
the primary tumor only and was absent in the recurrence and
the same tumor harbored the COL1A1/PDGF translocation.

The other immunohistochemical results are discussed
below.

Comparative morphologic, immunohistochemical
and molecular data

Taking account of the RNA-sequencing, CGH analysis,
morphology and immunohistochemistry, we identified

3 subgroups of “fibroblastic” spindle cell sarcomas of the
uterus, namely a subgroup of NTRK-rearranged neoplasms,
a subgroup harboring COL1A1-PDGFB fusions and a
subgroup without any known rearrangement that could be
tentatively classified as malignant peripheral nerve sheath
tumor given that all were S100 positive (see below) and
negative for other melanoma markers (HMB45, Melan A,
SOX10), except for 1 case where Melan A and SOX10 were
focally positive (discussed below). However, it is likely that
other molecular abnormalities may be identified in this
group of neoplasms which would necessitate a nomen-
clature change.

NTRK-rearranged sarcomas

In our series, the 7 tumors harboring NTRK-rearrangements
were all located in the cervix. Patients with NTRK-rear-
ranged tumors were significantly younger than the other
patients (p= 0.012), the mean age at diagnosis being 31
years (median: 30 years, range 23 to 44 years). They gen-
erally presented at early stage (4 at stage IA, 1 at stage IB, 1
at stage IIA, 1 stage unknown) (FIGO 2009 staging system
for uterine sarcomas). Follow-up was available for all
patients except one and 4 of 6 were alive with no evidence
of disease (mean follow-up= 39 months, range 2 to
108 months) and 2 were alive with disease (32 and
52 months follow-up). No correlation was observed
between the NTRK status and clinical outcome when
comparing patients alive with alive with no evidence of
disease versus patients alive with disease or dead of disease
(p= 0.24).

The primary tumors ranged in size from 2.5 to 12 cm in
those cases where this information was available. When the
sections included tumor borders (4 of 7 cases), the neo-
plasms could be seen to be infiltrating. The neoplasms
usually had a predominantly diffuse patternless architecture
but in some cases there was a focal or diffuse herringbone
pattern with intersecting fascicles of cells. The tumors were
predominantly composed of spindle-shaped cells with ovoid
nuclei, inapparent nucleoli and scant cytoplasm. In a few
cases, small collections of tumor cells with a more epithe-
lioid appearance were present and/or there was focal cyto-
plasmic vacuolization. Atypia was generally mild to
moderate with scattered markedly atypical symplastic-like
cells in two tumors and diffuse marked nuclear atypia in the
recurrence in case 12. The degree of mitotic activity was
highly variable ranging from 1 to 50 per 10 High Power
Fields and necrosis was present in 4 of 7 tumors. In 3 of 8
tumors, a focal hemangiopericytoma-like vasculature was
present. A prominent lymphocytic infiltrate was observed
in 5 of 7 tumors. No lymphovascular invasion was seen.
In 1 case (case 3), the tumor infiltrated around pre-existing
normal endocervical glands.
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Immunohistochemically these tumors were all diffusely
positive with CD34 and S100, except for 1 case each where
CD34 and S100 exhibited focal immunoreactivity. Trk was
diffusely and strongly expressed in all tumors with cyto-
plasmic positivity. Desmin, ER and PR were negative in all
cases with the exception of scattered PR positive cells in
case 8. All cases were essentially BCOR negative except for
scattered positive nuclei (less than 5%) in some cases.
Cyclin D1 was positive in all cases (percentage of positive
nuclei ranging from 20 to 90%).

This subgroup showed relatively simple genomic profiles
without unbalanced intrachromosomal breaks with a mean
Genomic Index of 10.84 (range 2 to 21.3). Among the
interpretable profiles (7/8 samples), all NTRK-tumors har-
bored CDKN2A loss (4 homozygous and 3 heterozygous,
from 0.1 to 1.6 Mb).

Figure 1 illustrates the morphological, immunohisto-
chemical and molecular features of some of these cases.

COL1A1-PDGFB rearranged sarcomas

Three tumors (cases 6, 10 and 13) harbored the COL1A1-
PDGFB fusion. Two were cervical tumors and one was
located in the uterine corpus. The patients were aged 48, 60
and 82 years. The tumors presented at stage IB, IIIB and IB
respectively (Table 2). At follow-up, 1 patient was dead of
disease after 60 months and 1 was alive with alive with no
evidence of disease (10 months follow-up); the third case
is recent with no significant follow-up. One of the patients
(case 10) had been diagnosed with a Dermatofibrosarcoma
Protuberans on her back approximately a year before the
cervical lesion was discovered; the lesion on the back had
been completely excised and we believe that it is most
likely that the cervical tumor represents a separate inde-
pendent lesion rather than a metastasis.

The tumors measured 5.8, 8.2 and 12 cm. In the 2 tumors
with evaluable margins, the borders were infiltrating.
Morphologically the tumors were cellular and exhibited a
prominent storiform and herringbone architecture and were
composed of uniform cells with ovoid to spindle-shaped
nuclei, scant cytoplasm and indistinct borders. There was
mild to moderate nuclear atypia and mitotic activity ranged
from 8 to 20 mitoses/10 High Power Fields. A lymphocytic
infiltrate was absent and there was no lymphovascular
invasion. Only 1 case exhibited necrosis (case 6).

All tumors diffusely expressed CD34 and were negative
for ER, PR, desmin, S100 and Trk when these markers
were performed. All cases were essentially BCOR negative
except for scattered positive nuclei (less than 5%) in some
cases. Cyclin D1 was positive in all cases (percentage of
positive nuclei ranging from 10 to 90%).

The two genomic profiles analyzed showed moderately
rearranged profiles (Genomic Index= 9.14 and 16.2) with

unbalanced 17-22 rearrangements. No CDKN2A deletion
was detected.

Figure 2 illustrates the morphological, immunohisto-
chemical and molecular features of some of these cases.

Fibroblastic sarcomas with features of malignant
peripheral nerve sheath tumor

Three tumors (cases 1, 2, 7) did not harbor any known
rearrangement (at Archer® sequencing and after COL1A1-
PDGFB dual FISH). Although we have tentatively classi-
fied these as malignant peripheral nerve sheath tumor pre-
dominantly on the basis of S100 positivity and complete
loss of staining with H3K27me3 in 2 cases (see below), we
recognize that there is limited evidence for this and this
classification is likely to change, especially if alternative
molecular changes are identified in these neoplasms. None
of these patients had a history of neurofibromatosis and in
no case was origin from a nerve trunk identified.

The first tumor (case 1) occurred in a 32 year old woman
with a 5.5 cm cervical mass which comprised a highly
cellular spindle cell neoplasm which was focally well
circumscribed with a lobular appearance but elsewhere
had infiltrative borders. There was moderate nuclear
atypia and 10 mitoses/10 High Power Fields. No lympho-
vascular invasion was seen. The tumor was ER, PR,
desmin, CD34 and Trk negative. S100 was diffusely posi-
tive and SOX10 and melan A focally positive but
HMB45 and MITF were negative. H3K27me3 was focally
positive. Less than 5% of nuclei were BCOR positive and
80% of nuclei were cyclin D1 positive. No recurrent
KIT, BRAF or NRAS mutations were detected and no
NF1 deletion was detected (data not shown). Despite the
immunophenotype raising the possibility of a melanocytic
neoplasm, the genomic profile was more in favor of a
malignant peripheral nerve sheath tumor (see discussion).
The tumor recurred with peritoneal and bone metastases
6 months after the primary surgery and the patient was alive
19 months later.

The second tumor (case 2) occurred in a 47 year old
woman with a 5 cm mass involving the uterine corpus and
lower uterine segment. Metastases to the adnexa and upper
abdomen were present at diagnosis and the patient died
11 months after presentation. The tumor was highly cellular
and had no particular architectural arrangement and was
composed of moderately atypical spindle-shaped cells with
vacuolated cytoplasm. There were 50 mitoses/ per 10 High
Power Fields. No lymphovascular invasion was seen.The
tumor diffusely expressed CD34 and S100 was focally
positive. ER, PR, desmin, h-caldesmon, Trk, HMB45,
melan A and SOX10 were negative. H3K27me3 was totally
negative. Less than 5% of nuclei were BCOR positive and
90% of nuclei were cyclin D1 positive.
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Fig. 1 NTRK-rearranged uterine sarcomas. Morphologic features of
NTRK1 rearranged tumors. Fibroblastic appearance with spindle cells
exhibiting moderate nuclear atypia (a) (case 4). There is diffuse
cytoplasmic immunoreactivity with Trk (b) (case 4). Prominent
inflammatory infiltrate and scattered symplastic nuclei (c) (case 8).
There is diffuse cytoplasmic immunoreactivity with Trk with a nega-
tive stromal background (case 8) (d). CD34 (e) and S100 (f) are dif-
fusely positive (case 5). Sanger sequencing of the transcript fusions

detected by RNA-sequencing with the ArcherDX® CTL panel: EML4
exon 2-NTRK3 exon 14 (g) (case 5), TPM3 exon 6-NTRK1exon 10
(3,4,8,9,11 and 12), TPM3 partial exon4-NTRK1 partial exon 10).
Arrows indicate the point of the junction. Array-CGH genomic profile
of a NTRK1-rearranged tumor (h) (case 4). Note the quite simple
genomic profile showing rare genomic events and the homozygous
CDKN2A loss (arrow)
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The third tumor (case 7) occurred in a 50 year old
woman who had undergone a prior hysterectomy for benign
reasons. She presented with a mass centered on the vagina
which infiltrated the bladder, rectum and other pelvic tis-
sues. She underwent a total pelvectomy. The patient died of
disease 34 months following surgery. The tumor had no
particular architectural arrangement, exhibited an infiltrative
pattern of growth with entrapment of adipose tissue around
the periphery and was composed of bland spindle-shaped
cells with focal collections of ganglion-like cells with large
nuclei, prominent nucleoli and abundant eosinophilic
cytoplasm. There was low mitotic activity (1 per 10 High
Power Fields) and no necrosis or lymphovascular invasion.
There was a prominent lymphocytic infiltrate. S100 was
diffusely positive while CD34, HMB45, Melan A, ER, PR,
desmin and Trk were negative. H3K27me3 was totally
negative. BCOR was negative and 80% of nuclei were
cyclin D1 positive.

Two of the cases (cases 2 and 7) showed very simple
genomic profiles with a low Genomic Index (12.5 and 5.3
respectively). The other case (case 1) exhibited more
intrachromosomal breaks (Genomic Index 21.4). In 2 of the
cases, a loss of CDKN2A was detected (homozygous in case
1 and heterozygous in case 7).

Figure 3 illustrates the morphological, immunohisto-
chemical and molecular features of some of these cases.

Discussion

A wide range of sarcomas occur within the uterus (corpus
and cervix), the most common being leiomyosarcoma,
endometrial stromal sarcoma (low-grade and high-grade),
and undifferentiated uterine sarcoma. A variety of more
uncommon sarcomas have also been reported as
primary uterine neoplasms, including rhabdomyosarcoma,

Fig. 2 COL1A1-PDGFB-rearranged uterine sarcomas (dermatofi-
brosarcoma protuberans). Cellular tumors composed of relatively
bland spindle-shaped cells with pronounced herringbone pattern of
growth (a, b) (case 6). COL1A1-PDGFB dual fusion FISH. Note the

presence of two orange/green fusion signals (c) (case 10). Diffuse
CD34 immunostaining (d) (case 13). Array-CGH genomic profile of a
COL1A1-PDGFB rearranged tumor. Note the unbalanced break-points
(arrows) on CH17q (COL1A1) and 22q (PDGFB) (e) (case 10)
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angiosarcoma, malignant peripheral nerve sheath tumor,
alveolar soft part sarcoma, liposarcoma, malignant solitary
fibrous tumor, and Ewing sarcoma. It is clear that the
full spectrum of uterine sarcomas has not yet been fully
characterized and that so-called undifferentiated uterine
sarcomas comprise a morphologically and molecularly
heterogeneous group of neoplasms. Modern molecular
techniques, such as next generation sequencing, have
resulted in the description of new categories of uterine
sarcoma, including two which have been classified as high-
grade endometrial stromal sarcoma, those associated with

YWHAE and BCOR gene rearrangements [10–14].
Recently, Chiang and coworkers reported a series of 4
uterine mesenchymal neoplasms resembling fibrosarcoma,
expressing Trk and harboring NTRK rearrangements
(RBPMS-NTRK3, TPR-NTRK1, LMNA-NTRK1 and TPM3-
NTRK1) [6]. All tumors exhibited brisk mitotic activity with
an aggressive clinical outcome in two of four patients [6].
Immunophenotypically all tumors were positive for S100
and negative for CD34, ER, and PR [6]. The authors
speculated that so-called endocervical fibroblastic malignant
peripheral nerve sheath tumors may represent NTRK fusion-

Fig. 3 Malignant Peripheral Nerve Sheath Tumors. Spindle cell tumor
infiltrating adipose tissue with mild nuclear atypia and focal collec-
tions of ganglion-like cells (a, b) (case 7). Spindle cell tumor with a
focal lobular architecture but elsewhere with infiltrative borders (c)

(case 1).Cellular tumor composed of spindled and epithelioid cells
with focal cytoplasmic vacuolization (d) (case 2). Spindle cell tumor
with mild nuclear atypia but significant mitotic activity (case 2) (e)
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positive uterine sarcomas on the basis of shared morphol-
ogy and immunophenotype.

In this study, we report the clinicopathological and
molecular features of a series of 13 spindle cell sarcomas of
the uterus and vagina with morphological features resem-
bling fibrosarcoma, including the 3 originally reported cases
of endocervical fibroblastic malignant peripheral nerve
sheath tumor and neoplasms diagnosed as malignant per-
ipheral nerve sheath tumor. In reporting these tumors, we
propose a diagnostic algorithm when faced with a uterine
sarcoma with features resembling fibrosarcoma. The tumors
we report were typically infiltrative and composed of
spindle-shaped cells exhibiting mild or moderate nuclear
atypia, variable but often prominent mitotic activity and
a diffuse, herringbone and/ or storiform architecture. The
majority (11/13) of the tumors were CD34-positive, S100
was variable, while ER, PR and desmin were typically
negative [5].

After transcriptomic and genomic analysis, we identified
three subgroups of neoplasms: a subgroup harboring NTRK-
transcript fusions, a subgroup associated with COL1A1-
PDGFB fusion and a subgroup without any identified
rearrangements. The first group of NTRK-rearranged sar-
comas, all of which were located within the cervix, corre-
sponds to the tumors recently reported by Chiang et al. [6]
and our findings expand on their publication. Three of the
neoplasms we report (2 with a cervical and 1 with a corpus
location) harbored a COL1A1-PDGFB fusion which, as
far as we are aware, has never been reported in a uterine
neoplasm. The final group comprised 3 S100-positive
neoplasms which we currently tentatively suggest to cate-
gorize as malignant peripheral nerve sheath tumors (see
discussion below).

As discussed, as in the original publication [6], all NTRK-
associated sarcomas arose in the uterine cervix and generally
presented at an early stage. The mean age (31 years) was
significantly lower than in the other tumors we report. The
tumors recurred in 2 of 6 patients with follow-up and all 6
patients with available follow-up were alive when last seen
(2 alive with disease and 4 alive with no evidence of dis-
ease). These tumors were generally similar morphologically
and immunophenotypically to the other neoplasms we report
and we did not identify any specific features which defini-
tively assist in distinguishing these from the other neo-
plasms. All tumors were positive for CD34 and S100
(usually diffusely) while desmin, ER and PR were negative
(except for focal PR positivity in 1 case). The immuno-
phenotype is slightly different from the cases reported by
Chiang et al., all of which were CD34 negative [6].

The only feature that reliably identified the NTRK rear-
ranged tumors was the Trk positivity with all cases being
diffusely positive (except for 1- see below). All of the other
neoplasms were Trk negative. This is in keeping with the

findings of Hechtman et al. who found Trk expression to
be highly concordant with the fusion status detected in
tumors of varying histotypes (colorectal, lung, appendiceal
and gallbladder adenocarcinomas, secretory-type salivary
and breast carcinomas, glioblastomas, melanomas and soft
tissue sarcomas) [15]. As discussed, the only NTRK rear-
ranged case which was negative for Trk immunohis-
tochemistry harbored a TPM3-NTRK1 fusion at low
frequency (confirmed by Sanger sequencing). The translo-
cation was detected in the primary tumor but not in the
recurrence (case 10) and the tumor harbored a COL1A1-
PDGFB translocation in 74% of the tumor cells. This
suggests that the driver genomic event is the COL1A1-
PDGFB translocation which was present in both the
primary and recurrent tumor. We speculate that theTPM3-
NTRK1 fusion represents a subclonal population which was
lost during tumor progression.

Given the immunohistochemical results, Trk immuno-
histochemistry represents a useful diagnostic tool that reli-
ably identifies NTRK-rearranged uterine sarcomas. We
suggest to screen all uterine (cervical and corpus) “fibro-
blastic” spindle cell sarcomas without smooth muscle or
endometrial stromal differentiation with Trk. Given the
sensitivity and specificity of this antibody for NTRK rear-
rangement [15], positive staining, especially when diffuse,
should be followed by molecular testing to prove the pre-
sence of a NTRK rearrangement. However, we recognize
that the specificity of this marker for NTRK rearranged
neoplasms has not been fully investigated since no study
has looked at the full range of uterine mesenchymal neo-
plasms. In the study of Chiang et al., 2 of 97 uterine leio-
myosarcomas showed strong and diffuse pan-Trk
expression while 4 of 97 showed diffuse weak TrkA
immunoreactivity; this study was performed on tissue
microarrays [6].

The Trk A, B and C proteins are encoded by NTRK1,
NTRK2 and NTRK3 respectively [16]. The fusion juxta-
poses the kinase domain-containing 3’ region of NTRK with
the 5’ region of NTRKs gene partner and promotes onco-
genesis by constitutive cell proliferation [17]. NTRK
fusions are relatively rare in tumors but have been identified
in < 5% of lung cancers, between 0.5–2% of colorectal
cancers, 12% of papillary thyroid carcinomas, 40% of
pediatric and 3% of adult brain tumors, 16% of Spitzoid
melanomas [18] and 1% of adult soft tissue sarcomas. They
have also been identified in 91% of congenital fibrosarco-
mas and 92–100% of secretory breast carcinomas [17].
Identification of NTRK fusions in cancer is important
because of a potential effective therapeutic strategy given
the durable response to treatment with TRK inhibitors [17].

Interestingly, among the interpretable genomic profiles,
all the NTRK-rearranged sarcomas in our series harbored a
CDKN2A deletion (4 homozygous and 3 heterozygous) and
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the losses affected short chromosomal segments (from 0.1
to 1.6 Mb). CDKN2A deletion has been reported in 50%
of NTRK-rearranged sarcomas, in 14% of soft tissue sar-
comas [19] and in 50% of soft tissue malignant peripheral
nerve sheath tumor [20] but in these studies no information
was provided regarding the homozygous or heterozygous
status of the loss and the biological implications of this
deletion. Further investigations are needed in order to
understand the role and the effects of CDKN2A loss in these
sarcomas. No CDKN2A loss was detected in the COL1A1-
PDGFB rearranged sarcomas. In 2 of the 3 malignant per-
ipheral nerve sheath tumors, a loss of CDKN2A was
detected (homozygous in 1 case 1 and heterozygous in 1).

Among the 13 tumors we studied, we identified 3 cases
with a COL1A1-PDGFB fusion. This molecular abnorm-
ality has not, as far as we are aware, been reported in uterine
neoplasms but is characteristic of dermatofibrosarcoma
protuberans [21–23] and pediatric giant cell fibroblastoma
[24]. These 3 tumors occurred in older patients (48 to 82
years), 2 were located in the cervix and one in the corpus.
Morphologically they were cellular with storiform and
herringbone architecture and significant mitotic activity. All
exhibited diffuse positivity with CD34 and were negative
for S100, ER, PR, desmin and Trk. Dermatofibrosarcoma
protuberans, the most common dermal sarcoma [25], is
a low-grade slow growing tumor with low risk of distant
metastases but a significant rate of local recurrence and
which may undergo fibrosarcomatous transformation [25].
The tumor characteristically harbors a translocation t(17;22)
(q22;q13) resulting in the chimeric fusion transcript
COL1A1-PDGFB [25]. The trunk and proximal extremities
are the most common locations [26–28] but this tumor also
occurs on the vulva [29]. Morphologically dermatofi-
brosarcoma protuberans is composed of spindle-shaped
cells arranged in a storiform and herringbone architecture
and immunohistochemically there is diffuse expression of
CD34 and S100 is negative. COL1A1-PDGFB FISH is a
useful tool in confirming the diagnosis [22]. While the 3
tumors we report with COL1A1-PDGFB translocation could
be regarded as dermatofibrosarcoma of the uterus, we prefer
not to use this designation given the significant mitotic
activity. We prefer to categorize these as COL1A1-PDGFB
translocation associated fibrosarcomas. Moreover, it should
be remembered that different tumor types may exhibit
the same molecular abnormality, for example YWHAE
translocations are found in high-grade endometrial stromal
sarcomas and in some clear cell sarcomas of the kidney
[10–12, 30, 31]. An interesting observation is that in 1 of
our cases harboring a COL1A1-PDGFB fusion (case 13), 1
of the tissue blocks was CD34 negative while the others
were diffusely positive; CD34 can be focally lost in some
cases of dermatofibrosarcoma protuberans, especially in
areas of fibrosarcomatous transformation.

The other 3 tumors in our series did not harbor any
known rearrangement. Two of them were highly cellular
with brisk mitotic activity. These neoplasms were diffusely
positive with S100 and generally negative with other mel-
anocytic markers, although SOX10 and melan A were
focally positive in 1 case. Although it is difficult to exclude
spindle cell malignant melanoma, especially in the case
which was focally positive with SOX10 and melan A, we
believe these are currently tentatively best categorized as
malignant peripheral nerve sheath tumors; no recurrent KIT,
BRAF or NRAS mutations (molecular abnormalities which
are characteristic of malignant melanoma) were detected in
the case positive for SOX10 and melan A. However, none
of these patients had a history of neurofibromatosis and in
no case could origin from a nerve trunk be demonstrated
which would have assisted in classifying these neoplasms as
malignant peripheral nerve sheath tumors. One of the cases
contained a population of ganglion-like cells which may be
seen in other “neural” neoplasms, such as ganglioneuroma
[32] and gangliocytic paraganglioma [33]. H3K27me3 was
completely negative in 2 of these cases and focally positive
in the other. While complete loss of H3K27me3 is common
in malignant peripheral nerve sheath tumors and could offer
some support to this diagnosis [34], a significant number of
malignant melanomas also exhibit complete loss. For
example, in 1 study, a complete loss of H3K27me3 was
found in 37% of all melanomas and partial loss (‘mosaic’
pattern) in 19% of malignant peripheral nerve sheath tumors
and in 51% of melanomas. As such, complete immuno-
histochemical loss of H3K27me3 is not specific for malig-
nant peripheral nerve sheath tumor and cannot be used
reliably in distinguishing this from melanoma [35].

The prognosis of this group was poor; one patient died of
disease 11 months after the diagnosis (case 2) and another
(case 1) recurred early with local and distant metastases;
this patient is alive with disease after 19 months. The third
case was a primary vaginal tumor which involved the
bladder and rectum. Although the numbers are small, this
suggests that these neoplasms have a particular propensity
for aggressive behavior. As stated previously, while we
currently suggest to tentatively classify these neoplasms as
malignant peripheral nerve sheath tumor, it is arguable
whether this is an appropriate designation and the nomen-
clature may change especially if other molecular alterations
are identified in this neoplasms.

The differential diagnosis of spindle cell sarcomas of the
uterus composed of a uniform population of cells is wide
and includes leiomyosarcoma, high-grade endometrial
stromal sarcoma, undifferentiated uterine sarcoma (uniform
type) and a variety of other uncommon neoplasms including
inflammatory myofibroblastic tumor, malignant solitary
fibrous tumor [36] and spindle cell malignant melanoma. To
that list should be added NTRK-rearranged sarcoma,
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COL1A1-PDGFB fusion-associated fibrosarcoma and
malignant peripheral nerve sheath tumor. The differential
diagnosis will not be discussed in detail but leiomyo-
sarcoma typically expresses smooth muscle markers
including desmin [37], high-grade endometrial stromal
sarcomas exhibit high expression of cyclin D1 and BCOR
(see below) and the majority of cases harbor YWHAE or
BCOR rearrangements [10, 11, 38, 39].

As discussed, high-grade endometrial stromal sarcomas
typically exhibit diffuse expression of cyclin D1 and
BCOR. All our cases were BCOR negative except for
scattered positive nuclei (less than 5%) in some cases.
Cyclin D1 was positive in all of our cases (percentage of
positive nuclei ranging from 10 to 90%). This illustrates that
cyclin D1 is not a reliable marker in distinguishing YWHAE
or BCOR rearranged high-grade endometrial stromal sar-
coma from NTRK or COL1A1-PDGFB rearranged tumors.
This is not surprising since cyclin D1 is a cell cycle related
marker rather than a marker of a specific line of differ-
entiation. One of us (WGM) has also observed diffuse
cyclin D1 immunoreactivity in a small number of other
uterine mesenchymal neoplasms.

Recent studies have emphasized that inflammatory
myofibroblastic tumors occur within the uterus and are
likely to be misdiagnosed, especially as leiomyomatous
neoplasms [40–43]. Inflammatory myofibroblastic tumor is
ALK positive and is characterized by genetic fusion of ALK
with a variety of gene partners [40–43]. Undifferentiated
uterine sarcoma is a diagnosis of exclusion and it is likely
that cases of NTRK-rearranged sarcoma and COL1A1-
PDGFB fusion-associated fibrosarcoma are currently
encompassed into that category [13, 44]. Given the recent
identification of YWHAE and BCOR translocated high-
grade endometrial stromal sarcomas and the new entities we

describe, it is clear that the category of undifferentiated
uterine sarcoma represents a heterogeneous group of neo-
plasms which will likely significantly decrease with the
identification of new molecular entities using modern
molecular techniques. We suggest a diagnostic algorithm
for uterine spindle cell sarcomas composed of uniform cells
resembling fibrosarcoma (Fig. 4); it is stressed that other
neoplasms, for example malignant solitary fibrous tumor,
may also enter into the differential diagnosis.

In summary, we report the clinicopathological and
molecular features of a series of 13 spindle cell sarcomas of
the uterus with features resembling fibrosarcoma. We show
that NTRK rearrangements are common in these neoplasms
and describe a novel COL1A1-PDGFB fusion which has
not previously been reported in uterine mesenchymal neo-
plasms. Identification of the latter 2 neoplasms is clinically
important since these tumors could potentially respond
to targeted therapies such as the PDGFβR, KIT, and ABL
inhibitor imatinib [45] and anti NTRK inhibitors [17].
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