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Abstract

High-grade endometrial stromal sarcoma (HGESS) may harbor YWHAE-NUTM2A/B fusion, ZC3H7B-BCOR fusion, and
BCOR internal tandem duplication (ITD). NTRK3 upregulation and pan-Trk expression were reported in soft tissue lesions
that share similar morphology and genetic abnormalities. To confirm these findings in HGESS, differential expression
analysis was performed at gene level comparing 11 HGESS with 48 other uterine sarcomas, including 9 low-grade
endometrial stromal sarcomas, 23 undifferentiated uterine sarcomas, and 16 leiomyosarcomas, using targeted RNA
sequencing data. Pan-Trk immunohistochemistry was performed on 35 HGESS, including 10 tumors with RNA expression
data, with genotypes previously confirmed by targeted RNA sequencing, fluorescence in situ hybridization, and/or genomic
PCR. Unsupervised hierarchical clustering of the top 25% of differentially expressed probes identified three molecular
groups: (1) high NTRK3, FGFR3, RET, BCOR, GLII, and PTCHI and low ESRI expression; (2) low NTRK3, FGFR3, RET,
BCOR, GLII, and PTCH]I and high ESRI expression; and (3) low NTRK3, FGFR3, RET, BCOR, GLII1, PTCHI, and ESRI
expression. Among HGESS, 64% of tumors clustered in group 1, while 27% clustered in group 2. Cytoplasmic and/or
nuclear pan-Trk staining of variable extent and intensity was seen in 91% of HGESS regardless of cyclin D1 and/or BCOR
positivity. ER and PR expression was seen in 44% of HGESS despite ESRI downregulation. Two patients with ER and PR
positive but ESRI downregulated stage I HGESS were treated with endocrine therapy, and both recurred at 12 and
36 months after primary resection. By RNA expression, HGESS appear homogenous and distinct from other uterine
sarcomas by activation of kinases, including NTRK3, and sonic hedgehog pathway genes along with downregulation of
ESRI. Most HGESS demonstrate pan-Trk staining which may serve as a diagnostic biomarker. ESR/ downregulation is seen
in some HGESS that express ER and PR which raises implications in the utility of endocrine therapy in these patients.

Introduction

High- trial 1 HGE i -
Supplementary information The online version of this article (https:// igh-grade endometrial stromal sarcoma (HGESS) is cur

doi.org/10.1038/541379-020-00705-6) contains supplementary rently defined as a histologically high-grade monomorphic
material, which is available to authorized users. round and/or spindle cell proliferation of endometrial
>4 Sarah Chiang 5

Department of Pathology, University of Calgary, Calgary, AB,

chiangs @mskcc.org Canada

Department of Pathology, Memorial Sloan Kettering Cancer Department of Pathology, Mount Sinai Hospital, Toronto, ON,
Center, New York, NY, USA Canada

Department of Pathology, University of British Columbia, Department of Medicine, Gynecologic Medical Oncology Service,
Vancouver, BC, Canada Memorial Sloan Kettering Cancer Center, New York, NY, USA

Department of Pathology, Lions Gate Hospital, Vancouver, BC, Department of Surgery, Gynecologic Oncology Service, Memorial
Canada Sloan Kettering Cancer Center, New York, NY, USA

Department of Pathology, BC Cancer, Vancouver, BC, Canada

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-020-00705-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-020-00705-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-020-00705-6&domain=pdf
http://orcid.org/0000-0002-7714-370X
http://orcid.org/0000-0002-7714-370X
http://orcid.org/0000-0002-7714-370X
http://orcid.org/0000-0002-7714-370X
http://orcid.org/0000-0002-7714-370X
http://orcid.org/0000-0002-8514-9861
http://orcid.org/0000-0002-8514-9861
http://orcid.org/0000-0002-8514-9861
http://orcid.org/0000-0002-8514-9861
http://orcid.org/0000-0002-8514-9861
http://orcid.org/0000-0003-2269-6216
http://orcid.org/0000-0003-2269-6216
http://orcid.org/0000-0003-2269-6216
http://orcid.org/0000-0003-2269-6216
http://orcid.org/0000-0003-2269-6216
http://orcid.org/0000-0002-9717-8205
http://orcid.org/0000-0002-9717-8205
http://orcid.org/0000-0002-9717-8205
http://orcid.org/0000-0002-9717-8205
http://orcid.org/0000-0002-9717-8205
mailto:chiangs@mskcc.org
https://doi.org/10.1038/s41379-020-00705-6
https://doi.org/10.1038/s41379-020-00705-6

Targeted RNA expression profiling identifies high-grade endometrial stromal sarcoma as a clinically... 1009

stromal derivation. This category includes such tumors that
harbor YWHAE-NUTM?2 fusion [1, 2], ZC3H7B-BCOR
fusion [3-6], BCOR internal tandem duplication (ITD)
[4, 7-9] as well as histologically transformed tumors that
harbor low-grade endometrial stromal sarcoma (LGESS)-
associated fusions [10]. YWHAE-NUTM?2 fusion-positive
HGESS consists of a high-grade round cell component that
is sometimes associated with a low-grade fibrous or fibro-
myxoid spindle cell component [1, 2, 11, 12]. HGESS
harboring ZC3H7B-BCOR fusion demonstrate high-grade
spindle cells embedded in myxoid matrix [3, 6]. HGESS
with BCOR ITD have morphologic features of both
YWHAE-NUTM2 and ZC3H7B-BCOR fusion-positive
tumors [7-9]. These tumors collectively overexpress
cyclin D1 [13] and/or BCOR [9] and together with trans-
formed LGESS demonstrate intermediate-grade cytologic
atypia and appear to follow an aggressive clinical course
[2-4, 7, 8, 10, 14]. Rare uterine sarcomas harboring EPCI
and BCORLI fusions and associated with high-grade his-
tology have been recently reported, but their inclusion
among HGESS has not been established [15-17].

HGESS share extensive morphologic, immunohisto-
chemical, and genetic overlap with non-gynecologic can-
cers that harbor YWHAE and BCOR abnormalities. BCOR
ITD and YWHAE gene rearrangements have been detected
in undifferentiated round cell sarcoma, clear cell sarcoma of
the kidney, and central nervous system high-grade neuroe-
pithelial tumor [18-23]. BCOR fusions underpin bone or
soft tissue high-grade undifferentiated sarcoma and ossify-
ing fibromyxoid tumor [20, 24, 25]. NTRK3 upregulation
resulting in pan-Trk overexpression was recently found in
soft tissue undifferentiated round cell sarcoma with YWHAE
rearrangement, BCOR ITD, and BCOR-CCNB3 fusion,
clear cell sarcoma of the kidney, and ossifying fibromyxoid
tumor with ZC3H7B-BCOR fusion [26]. Trk inhibition with
larotrectinib was recently shown to have marked and dur-
able antitumor activity in solid cancers with NTRK fusion
[27, 28]. The therapeutic significance of pan-TRK over-
expression in tumors that lack NTRK rearrangement is
unknown. To confirm NTRK3 RNA upregulation and
identify other potential diagnostic and/or therapeutic mar-
kers in HGESS, we examined targeted gene expression
profiles and pan-Trk immunohistochemical expression in
HGESS with various genotypes.

Materials and methods
Case selection
Thirty-five HGESS with available formalin-fixed paraffin-

embedded (FFPE) tissue diagnosed from 2009 to 2019 were
retrospectively collected from five institutions: Memorial

Sloan Kettering Cancer Center (New York, NY), University
of British Columbia (Vancouver, Canada), Lions Gate
Hospital (Vancouver, Canada), University of Calgary
(Calgary, Canada), and Mount Sinai Hospital (Toronto,
Canada). The cohort included primary and metastatic
tumors harboring YWHAE fusion (n = 12) with NUTM2A
(n=1), NUTM2B (n=17), and partner not confirmed (n =
4); BCOR fusion (n = 16) with ZC3H7B (n = 15) and EPCI
(n=1); BCOR ITD (n=4); and BCORLI fusion (n=3)
with JAZF1I (n =2) and EPCI (n = 1) partners. Gene fusion
status was previously confirmed by targeted RNA sequen-
cing platforms, MSK Solid Fusion custom assay based on
the Archer™ Anchored Multiplex PCR technology (n = 18)
and TruSight RNA Fusion Panel (Illumina, San Diego, CA)
(n="7), and/or fluorescence in situ hybridization (FISH)
(n="7T). BCOR ITD was previously detected by the MSK
Solid Fusion assay (n=2), TruSight RNA Fusion Panel
(n=1), or genomic PCR (n=1). Available pathology
reports and hematoxylin and eosin and immunohistochem-
ical stained slides were reviewed by gynecologic patholo-
gists (AMB, SC, CHL) for confirmation of diagnosis.
Tumors with histologic and genetic features typical of
HGESS with YWHAE and BCOR abnormalities were
included. Tumors with BCORLI rearrangement that
demonstrate histologic features of HGESS, including
nuclear enlargement, prominent nuclei, and mitotic activity
of at least 10 mitotic figures per 10 high power fields were
also included. Clinical data, including patient demo-
graphics, treatment, and follow-up, were extracted from
electronic medical records.

Gene expression analysis

RNA expression data of 11 HGESS (7 primary, 4 recurrent)
harboring YWHAE-NUTM2B (n =4), ZC3H7B-BCOR (n =
3), JAZFI-BCORLI (n=1), and EPCI-CXorf67 (n=1)
fusions, and BCOR ITD (n=2), were extracted from the
MSK Solid Fusion assay version 3 that detects gene fusions
and oncogenic isoforms in selected protein-coding exons of
62 genes, as previously described [29]. Unique RNA reads
for gene probes were normalized to the average number of
unique RNA reads for four separate housekeeping genes
interrogated as part of the assay (CHMP2A, GPI, RAB7A,
and VCP). Probe expression values were then standardized,
and the average expression of genes included in the panel
was calculated. Hierarchical clustering was performed at
gene and probe levels after normalization for unsupervised
clustering and dimensionality reduction. Differential
expression analysis was performed at gene level with
comparisons made between HGESS and 48 other uterine
sarcomas, including LGESS (n =9), undifferentiated uter-
ine sarcoma (UUS) (n=23), and conventional (n=11)
and myxoid (n=15) leiomyosarcoma (LMS), that were
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previously subjected to targeted RNA sequencing as part of
their diagnostic evaluation. Fusion data were available for
all LGESS which harbored JAZFI-SUZI2 (n=6) and
JAZFI-PHFI (n=1); in two LGESS, no fusion was
detected by the MSK Solid Fusion assay. An RBPMS-
NTRK3 fusion-positive uterine sarcoma served as reference
control.

Immunohistochemistry

A pan-Trk antibody directed against the preserved domain
common to TrkA, TrkB, and TrkC proteins (EPR17341;
Abcam, Cambridge, MA) was used to stain five-um FFPE
whole tissue sections of 35 HGESS, as previously described
[30]. Staining was assessed in the high-grade, and when
present, low-grade components of all cases and recorded as
cytoplasmic and/or nuclear. Intensity was assessed as weak
(14), moderate (2+), and strong (3+). Extent was reported
as focal (<30%), patchy (30-70%), and diffuse (>70%). A
combined score was calculated by the intensity multiplied
by percentage of positive tumor cells. An RBPMS-NTRK3
fusion-positive uterine sarcoma served as a positive control.
The results of ER, PR, cyclin D1, and/or BCOR immuno-
histochemical stains previously performed in the diagnostic
work up of the tumor samples were recorded based on
review of available immunostained slides and extracted
from pathology reports when immunostained slides were
not available.

Results

HGESS represents a distinctive molecular group by
RNA expression analysis

Targeted RNA expression analysis was successful in all
cases (n=59/59, 100%). Hierarchical clustering of the top
25% of differentially expressed probes revealed three
molecular groups (Fig. 1A). The first group consisted of
eight cases (13%), including the majority of HGESS har-
boring YWHAE and BCOR abnormalities (n=7/11, 64%)
and a single UUS harboring HMGA-RADS5IB fusion (n =
1/23, 4%) and demonstrated high expression of NTRK3,
FGFR3, RET, BCOR, GLII, and PTCHI and low ESRI
expression. Notably, the majority of HGESS demonstrated
higher expression of NTRK3, FGFR3, RET, BCOR, GLII,
and PTCHI compared to other uterine sarcoma types
(p value <0.001 and log-fold difference >2 for all genes)
(Fig. 1). Upregulation of these genes was more robust in
HGESS harboring BCOR ITD or YWHAE fusion compared
to HGESS with BCOR fusion (Fig. 1). Notably, the average
level of NTRK3 upregulation was higher in HGESS in
comparison to the one NTRK3 fusion-positive uterine
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sarcoma control. NTRKI, NTRK2, FGFRI, and FGFR2
mRNA expression was not significantly elevated in
HGESS.

The second group consisted of 20 cases (34%), including
HGESS (3/11, 27%), LGESS (n = 8/9, 89%), UUS (n =15/
23, 22%), and LMS (n = 4/16, 25%) and demonstrated high
ESRI expression and low expression of NTRK3, FGFR3,
RET, BCOR, GLII, and PTCHI (Fig. 1) with the most
prominent difference observed when comparing LGESS
and HGESS (Fig. 1C). The small subset of HGESS in this
group included tumors harboring ZC3H7B-BCOR fusion
(n=2) and JAZFI-BCORLI (n=1). This group also con-
sisted of the majority of LGESS, including all tumors har-
boring JAZFI-SUZI2 (n=7) and JAZFI-PHFI (n=1)
fusions as well as a small subset of UUS, one of which
demonstrated an ESRI-MAMLD] fusion. No fusions were
detected by the MSK Solid Fusion assay in the remaining
LGESS and two UUS as well as the small subset of LMS in
this group.

The third group contained 31 cases (53%), including
HGESS (n = 1/11, 9%), LGESS (n = 1/9, 11%), UUS (n =
17/23, 74%), and LMS (n = 12/16, 75%), and demonstrated
low expression of NTRK3, FGFR3, RET, BCOR, GLII,
and PTCHI along with low ESRI. FOXOI-ATP7B and
FAM110B-PLAGI fusions were detected two myxoid LMS.
No fusions were observed in the remaining LGESS, LMS,
and UUS by the MSK Solid Fusion assay.

No NTRK fusions were detected among any cases in all
three molecular groups. Given tumor rarity, clinical data
were insufficient to identify survival differences between
groups.

NTRK3 mRNA upregulation is associated with pan-
Trk expression in HGESS regardless of genotype or
cyclin D1/BCOR positivity

Pan-Trk expression was evaluated in 35 HGESS, including
10 tumors described above in which RNA expression data
were available, and an additional 25 tumors with genotypes
confirmed by FISH and/or targeted RNA sequencing by
MSK Solid Fusion or Trusight RNA Fusion assays. Pan-Trk
staining was observed in the vast majority of HGESS (n =
32/35, 91%), including YWHAE fusion- (n = 11/12, 92%),
BCOR fusion- (n=15/16, 94%), BCOR ITD- (n=4/4,
100%), and BCORLI fusion- (n=2/3, 67%) positive
tumors (Fig. 2). Staining was cytoplasmic in 31 tumors and
nuclear in one which harbored a ZC3H7B-BCOR fusion
(Fig. 2). Staining distribution ranged from 10% to 100% of
tumor cells with variable intensity and was present in both
high- and low-grade components, the latter observed among
YWHAE fusion- and BCOR ITD-positive HGESS
(Figs. 2A-D and 3A). Staining was moderate to strong and
diffuse in all positive YWHAE-rearranged HGESS
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Fig. 1 Targeted RNA expression profiling of uterine sarcomas.
A Heatmap of uterine sarcoma gene expression profile shows clus-

tering of most HGESS that is separate from LGESS, UUS, and LMS.
Two HGESS harboring ZC3H7B-BCOR fusion clustered with LGESS.

B The line plot shows that the differences in the expression of NTRK3,
PTCHI, GLI1, FGFR3, BCOR, and RET genes set HGESS apart from

Fig. 2 Pan-Trk
immunoexpression in HGESS.
The high-grade round cell
component of two HGESS
harboring (A) YWHAE-NUTM?2
fusion and (C) BCOR ITD
demonstrate (B, D) strong and
diffuse cytoplasmic expression
of pan-Trk. E, F Focal and
strong nuclear pan-Trk
expression is seen in a HGESS
harboring ZC3H7B-BCOR
fusion. G, H Moderate and
diffuse pan-Trk expression in a
uterine sarcoma with NTRK3
rearrangement is shown as a
comparison.

LMs

uus

other uterine sarcoma subtypes. C Scatterplots of normalized expres-
sion of NTRK3, PTCHI, and ESRI demonstrate higher expression of
NTRK3 and PTCHI and lower expression of ESRI among HGESS
compared to other uterine sarcoma subtypes. The outlier HGESS with
high ESRI expression harbored a ZC3H7B-BCOR fusion and had low

NTRK3 expression (HGESS-6).
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Fig. 3 Pan-Trk immunoexpression in HGESS by genotype.
A Extent and B intensity of pan-Trk staining are often diffuse and
moderate to strong in HGESS of various genotypes with C

(Figs. 2A, B and 3). In contrast, HGESS with BCOR fusion
and BCOR ITD demonstrated heterogeneous distribution
and intensity of pan-Trk expression (Figs. 2C-F and 3).
Staining was weak to moderate and diffuse in nine BCOR
fusion-positive tumors, including one HGESS harboring
EPCI1-BCOR fusion (Figs. 2E, F and 3). Pan-Trk staining
was focal with variable intensity in two BCORLI fusion-
positive tumors (Fig. 3). The average combined pan-Trk
score was 2.13, 1.62, 1.12, and 0.53 in tumors harboring
YWHAE fusion, BCOR ITD, BCOR fusion, and BCORLI
fusion, respectively, compared to 2.40 in the NTRK fusion-
positive control (Figs. 2G, H and 3). No staining was seen
in three HGESS harboring YWHAE, BCOR, and BCORLI
rearrangements.

To compare RNA expression analysis and pan-Trk
immunohistochemistry, 14 HGESS in which both techni-
ques were performed were evaluated. Pan-Trk staining
scores were compared with NTRK3 mRNA expression
levels in all cases and showed good correlation across
HGESS genotypes (Pearson’s R: 0.631, p value: 0.005)
(Supplementary Fig. 1).

Cyclin DI and/or BCOR immunohistochemistry was
previously performed as part of the diagnostic evaluation in
19 HGESS and at least one of the markers was diffusely
positive in 14 tumors. Pan-Trk was expressed with variable
intensity and extent of staining in all 14 tumors demon-
strating diffuse cyclin D1 and/or BCOR immunoreactivity.
Among five HGESS in which cyclin D1 and/or BCOR
expression was only focal or patchy, pan-Trk expression
was positive in all tumors with variable intensity and extent
of staining.
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corresponding combined immunohistochemical scores (average com-
bined score indicated by +) compared to an NTRK3 fusion-positive
control.

ER and PR expression may be seen in HGESS despite
ESR1 downregulation

ESRI expression levels were available for analysis in 11
HGESS and were downregulated in 82% of tumors. ER and
PR status were available in eight tumors. Three of them
(HGESS-4, HGESS-8, and HGESS-9) were negative for ER
and PR by immunohistochemistry and concordant with
ESRI expression levels despite the presence of a low-grade
component in the tumor sample of one case submitted for
RNA sequencing (HGESS-8) (Table 1). Six tumors showed
either focal (n =4) or diffuse (n = 2) positivity for ER and
PR (Table 1). Two tumors harboring ZC3H7B-BCOR
(HGESS-6) and JAZFI1-BCORLI (HGESS-2) fusions both
demonstrated ER and PR staining and high ESR/ expres-
sion. The four remaining tumors (HGESS-1, HGESS-3,
HGESS-7, HGESS-11) harboring YWHAE fusion, BCOR
fusion, EPCI-CXorf67 fusion, and BCOR ITD, the latter
demonstrating a low-grade component in the tumor sample
submitted for RNA sequencing, showed ER and PR staining
despite low ESRI expression. Two patients with ER and PR
positive and ESR] downregulated stage I HGESS harboring
YWHAE fusion (HGESS-3) and BCOR ITD (HGESS-7)
were treated postoperatively with megestrol acetate and
letrozole, respectively. Both patients recurred at 12
and 36 months after primary resection, respectively. Six
patients did not receive adjuvant hormonal therapy. No
treatment history was available in the remaining three cases
which were pathology consultations only. ER and PR
status were not known for two HGESS (HGESS-5 and
HGESS-10).
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Table 1 Clinicopathologic features of HGESS with ER and PR status and ESR/ expression.

Case Age, years FIGO stage Genetic aberration Normalized ESRI ER PR Cyclin DI BCOR Adjuvant hormonal
expression® therapy
HGESS-1 62 NA ZC3H7B-BCOR fusion 0.341384 F+ F+ D+ D+ NA
HGESS-2 62 I JAZF1-BCORLI fusion 2.522318 F+ F+ - NA NA
HGESS-3 36 I YWHAE- 0.012017 F+ F+ NA NA Megestrol acetate
NUTM?2B fusion
HGESS-4 55 I BCOR ITD 0.001305 - - D+ D+ None
HGESS-5 52 I YWHAE- 0.92676 NA NA NA NA None
NUTM2B fusion
HGESS-6 54 I ZC3H7B-BCOR fusion 5.033396 D+ D+ D+ F+ None
HGESS-7 52 I BCOR ITD 0.021026 F+ F+ D+ D+ Letrozole
HGESS-8 50 I YWHAE- 0.079734 - - D+ D+ None
NUTM?2B fusion
HGESS-9 59 I ZC3H7B-BCOR fusion 0.325836 - - D+ D+ None
HGESS-10 49 1 YWHAE- 0.480745 NA NA D+ NA NA
NUTM?2B fusion
HGESS-11 61 I EPCI-CXorf67 0.12938 D+ D+ F+ D+ None

D diffuse, ER estrogen receptor, F focal, NA not available, PR progesterone receptor.

*Average normalized ESRI expression in LGESS for comparison: 3.227.

Discussion

HGESS represents a morphologically, immunohistochemi-
cally, and genetically diverse group of uterine sarcomas.
Through unsupervised clustering analysis of RNA expres-
sion data extracted from targeted RNA sequencing, we
showed that 64% of HGESS regardless of genotype form a
distinct molecular group defined by upregulation of NTRK3,
RET, FGFR3, PTCH1, and GLII along with downregulation
of ESRI expression. Frequent pan-Trk expression with
variable intensity and extent was observed in over 90% of
HGESS harboring YWHAE, BCOR, and BCORLI fusions as
well as BCOR ITD, correlating with NTRK3 mRNA over-
expression in a subset where both modalities were per-
formed. ESRI downregulation was demonstrated in the
majority of HGESS for which RNA expression data were
available, despite ER and PR expression in 44% of tumors.
Two patients with ER and PR positive and ESRI! down-
regulated stage I HGESS were treated postoperatively with
adjuvant endocrine therapy and recurred 12 and 36 months
after primary resection. NTRK overexpression at RNA and
protein levels and ESRI downregulation may provide clin-
ical and therapeutic implications for patients with HGESS.

For the first time, we demonstrated high level expression
of NTRK3, RET, and FGFR3 kinases and upregulation of
sonic hedgehog (SHH) pathway genes, PTCHI and GLII,
in most HGESS, distinguishing them from other uterine
sarcoma subtypes such as LGESS, LMS, and UUS. These
genes are associated with neuronal reprogramming in neural
crest [31] with reactivation of neuronal reprogramming
previously established in various cancers [32, 33]. In

HGESS, it has been shown that tumors harboring YWHAE
fusion express neuroepithelial markers such as CD56 and
CD99 [34]. However, it remains to be seen whether the
expression profile observed in HGESS represents direct
neuronal or a more primitive stem cell conversion. Inter-
estingly, our findings contrast with those reported in a
separate study in which by microarray analysis, GLII and
RET expression was downregulated in seven HGESS har-
boring YWHAE-NUTM?2 and other rare novel fusions
compared to LGESS harboring JAZF1-SUZI2 fusion [35].
Additionally, NTRK3, FGFR3, PTCH]I, and ESRI were not
differentially expressed among HGESS and LGESS in that
study [35]. Discordance between these findings may be due
to the different technologies utilized and the number of
genes assessed.

As expected from RNA expression data, the vast
majority of HGESS demonstrated predominately cyto-
plasmic and rarely nuclear pan-Trk expression by immu-
nohistochemistry. Since there was good correlation between
NTRK3 mRNA and pan-Trk expression and no evidence of
NTRKI or NTRK2 overexpression, positive pan-Trk stain-
ing was likely secondary to NTRK3 upregulation in
HGESS. While the extent and intensity of staining were
variable in HGESS, diffuse and moderate/strong staining
was seen in over 50% of positive tumors. Interestingly, pan-
Trk staining was present in the low-grade component of
tumors with YWHAE fusion or BCOR ITD as well as BCOR
fusion-positive tumors displaying only mild nuclear atypia.
Pan-Trk expression was also not associated with cyclin D1
or BCOR expression, the latter which may be variable in
BCOR fusion-positive HGESS.
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Pan-Trk immunohistochemistry when used alongside
cyclin D1 and BCOR expression in the correct clinical
context may serve as a diagnostic marker for HGESS with
YWHAE, BCOR, and BCORLI genetic abnormalities when
molecular confirmation is not available. Cyclin D1 has a
sensitivity and specificity of 100% and 99%, respectively,
for detecting YWHAE fusion-positive HGESS [13]. BCOR
has a sensitivity and specificity of 87% and 100%, respec-
tively, for detecting HGESS with YWHAE or BCOR
abnormalities [9]. While over 70% of NTRK fusion-positive
uterine sarcomas may express diffuse cyclin D1, BCOR
expression is negative or rarely seen in <5% of tumor cells
[36]. Based on these findings, a diagnosis of HGESS may
be considered in any uterine sarcoma demonstrating both
pan-Trk of any intensity or extent and diffuse BCOR
positivity of any intensity, regardless of cyclin D1 expres-
sion status.

Upregulation of NTRK3 expression has been recently
demonstrated in a variety of tumor types. Increased NTRK3
expression at protein and RNA levels was recently shown in
soft tissue sarcomas harboring YWHAE fusions and BCOR
ITD as well as ossifying fibromyxoid tumors with BCOR
fusion, all of which share overlapping histologic features
with HGESS underpinned by identical genetic aberrations
[26]. In addition, desmoplastic small round cell tumor and
salivary gland adenoid cystic carcinoma harboring EWSRI-
WT1 and MYB-NFIB fusions, respectively, were shown to
have increased NTRK3 expression [37], resulting in acti-
vation of neural reprograming [32] and TrkC proteins
[38, 39]. The upregulation and activation of NTRK
mRNA and Trk proteins appears to be specific to NTRK3
and TrkC [26, 39]; this activation may be due to chromatin
remodeling and alteration of gene silencing due to BCOR
genetic aberrations [40, 41] or other epigenetic alterations,
however, the exact mechanism of activation needs to be
investigated.

Given the efficacy of larotrectinib and entrectonib in
patients with NTRK fusion-positive tumors [42], pan-Trk
immunohistochemistry has been proposed as a cost-
effective and widely available tool to screen for tumors
which may harbor potentially treatable NTRK fusions
[39, 43, 44]. However, based on our current and previous
studies, pan-Trk staining should not be considered a sur-
rogate marker of an NTRK fusion event. We previously
showed that Trk staining may be seen in 3% of uterine LMS
lacking NTRK rearrangement and is likely secondary to
physiologic expression in smooth muscle [45]. Based on
our findings in the current study, pan-Trk expression is seen
in over 90% of HGESS with frequency of staining similar to
soft tissue counterparts [26]. Furthermore, the overall sen-
sitivity and specificity of pan-Trk immunohistochemistry
vary by tumor type and are only 80 and 74%, respectively,
in soft tissue sarcomas [39]. These observations suggest that
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NTRK, BCOR, BCORLI, and YWHAE gene rearrangement
as well as BCOR ITD status should be assessed in any
uterine sarcoma demonstrating pan-Trk expression of any
extent.

Downregulation of ESRI expression in our cohort of
HGESS appears to support the observation of absent ER
and PR expression in the high-grade component of YWHAE
fusion-positive HGESS and the majority of ZC3H7B-BCOR
fusion-positive HGESS. While ESRI downregulation was
observed in most HGESS in our study, a subset of tumors
demonstrated focal ER and PR positivity. Interestingly, two
patients with stage I ER and PR positive HGESS in our
study were treated with endocrine therapy, and both patients
recurred after 12 and 36 months postoperatively. Despite
ER and PR immunoreactivity, ESRI expression was
downregulated in both tumors. These findings suggest that
while ER and PR staining may be seen in some HGESS, the
low ESRI RNA expression may explain the limited efficacy
of endocrine therapy in these tumors.

In conclusion, HGESS exhibits morphologic and genetic
diversity, but appear homogenous by RNA expression.
They are distinct from other uterine sarcoma subtypes by
activation of NTRK3, FGFR3, and RET kinases as well as
SHH pathway genes, PTCHI and GLII, along with
downregulation of ESRI. Like soft tissue sarcomas bearing
YWHAE and BCOR genetic abnormalities, the majority of
HGESS demonstrate pan-Trk staining which may serve as a
diagnostic biomarker. ESR] downregulation is seen in some
HGESS that express ER and PR which raises implications
in the utility of endocrine therapy in these patients.
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