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Abstract
Sarcomas are driven by diverse pathogenic mechanisms, including gene rearrangements in a subset of cases. Rare soft tissue
sarcomas containing KMT2A fusions have recently been reported, characterized by a predilection for young adults,
sclerosing epithelioid fibrosarcoma-like morphology, and an often aggressive course. Nonetheless, clinicopathologic and
molecular descriptions of KMT2A-rearranged sarcomas remain limited. In this study, we identified by targeted next-
generation RNA sequencing an index patient with KMT2A fusion-positive soft tissue sarcoma. In addition, we systematically
searched for KMT2A structural variants in a comprehensive genomic profiling database of 14,680 sarcomas interrogated by
targeted next-generation DNA and/or RNA sequencing. We characterized the clinicopathologic and molecular features of
KMT2A fusion-positive sarcomas, including KMT2A breakpoints, rearrangement partners, and concurrent genetic alterations.
Collectively, we identified a cohort of 34 sarcomas with KMT2A fusions (0.2%), and YAP1 was the predominant partner
(n= 16 [47%]). Notably, a complex rearrangement with YAP1 consistent with YAP1–KMT2A–YAP1 fusion was detected in
most cases, with preservation of KMT2A CxxC-binding domain in the YAP1–KMT2A–YAP1 fusion and concurrent deletions
of corresponding exons in KMT2A. The tumors often affected younger adults (age 20–66 [median 40] years) and
histologically showed variably monomorphic epithelioid-to-spindle shaped cells embedded in a dense collagenous stroma.
Ultrastructural evidence of fibroblastic differentiation was noted in one tumor examined. Our cohort also included two
sarcomas with VIM–KMT2A fusions, each harboring concurrent mutations in CTNNB1, SMARCB1, and ARID1A and
characterized histologically by sheets of spindle-to-round blue cells. The remaining 16 KMT2A-rearranged sarcomas in our
cohort exhibited diverse histologic subtypes, each with unique novel fusion partners. In summary, KMT2A-fusion-positive
sarcomas most commonly exhibit sclerosing epithelioid fibrosarcoma-like morphology and complex YAP1–KMT2A–YAP1
fusions. Cases also include rare spindle-to-round cell sarcomas with VIM–KMT2A fusions and tumors of diverse histologic
subtypes with unique KMT2A fusions to non-YAP1 non-VIM partners.

Introduction

Sarcomas are mesenchymal tumors driven by diverse
pathogenic mechanisms, including gene rearrangements in a
subset of cases [1]. A fraction of sarcomas remain unclas-
sified or difficult to classify based on histologic and
immunohistochemical profile, with no putative driver
mutation identified [2]. Recently, oncogenic rearrangements
involving Lysine methyltransferase 2A (KMT2A), a frequent
fusion partner in some acute leukemias, have been reported
in solid tumors, including types B2 and B3 thymomas and
soft tissue sarcomas [3–7]. Yoshida et al. first described two
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soft tissue sarcomas with KMT2A rearrangements, one each
to the partners yes-associated protein 1 (YAP1) and
vimentin (VIM) [3]. Two subsequent studies described
YAP1 as a recurrent fusion partner in KMT2A-rearranged
sarcomas that showed histologic features reminiscent of
sclerosing epithelioid fibrosarcoma, and in some cases, low-
grade fibromyxoid sarcoma [4, 6]. Nonetheless, clin-
icopathologic and molecular descriptions of KMT2A-rear-
ranged sarcomas remain limited.

In this study, we described an index patient with a sar-
coma that showed sclerosing epithelioid fibrosarcoma-like
morphology and harbored rearrangements in KMT2A and
YAP1. Prompted by this case and the recent literature, we
queried KMT2A structural alterations in a comprehensive
genomic profiling database of sarcomas and identified 33
additional KMT2A-rearranged sarcomas, including 15
additional tumors with similar sclerosing epithelioid
fibrosarcoma-like morphology and complex rearrangements
with YAP1, two cases with spindle-to-round cytomorphol-
ogy and VIM–KMT2A fusions, and 16 sarcomas of diverse
histologic subtypes each with unique novel fusion partners
with KMT2A. We characterized the clinicopathologic and
molecular features of KMT2A fusion-positive sarcomas,
including KMT2A breakpoints, rearrangement partners, and
concurrent genomic alterations.

Materials and methods

Characterization of index patient sarcoma

This part of the study was approved by the Partners Insti-
tutional Review Board (Protocol No. 2016P001180). Clin-
icopathologic and immunophenotypic features were
reviewed. Electron microscopy was performed using a FEI
Morgagni transmission electron microscope, with images
captured with Advanced Microscopy Techniques 2K digital
CCD camera, as previously described [8].

Next-generation sequencing-based anchored multiplex
PCR was performed for targeted RNA fusion transcript
detection as described [9], and targeted sequencing of
genomic DNA was performed using Illumina (San Diego,
CA) for detection of single nucleotide variants, insertion/
deletion (indel), and copy number alterations (lists of gene
targets in Supplementary Table 1). Briefly, RNA and DNA
were first extracted from formalin-fixed paraffin-embedded
tissue (Formapure RNA Isolation, Agencourt AMPure;
Beckman Coulter Life Sciences, Indianapolis, IL). In the
RNA-based assays, double-stranded cDNA was synthe-
sized, end repaired, adenylated, and ligated with half-
functional adapters; two hemi-nested PCR reactions using
custom primers from ArcherDx (Boulder, CO) were per-
formed. A laboratory-developed algorithm was used for

fusion detection and annotation, with alignment to reference
human genome (hg19) using bwa-mem [10].

Comprehensive genomic analysis and cohort

Comprehensive genomic profiling was performed in a Clin-
ical Laboratory Improvement Amendments-certified, College
of American Pathologists-accredited laboratory (Foundation
Medicine, Inc., Cambridge, MA, USA). Approval for this
study, including a waiver of informed consent and a HIPAA
waiver of authorization, was obtained from the Western
Institutional Review Board (Protocol No. 20152817). The
presence of tumor was confirmed on the hematoxylin and
eosin-stained slides prior to nucleic acid extraction and
sequencing. DNA and RNA were extracted from 40 μm
sections of formalin-fixed paraffin-embedded tissue. Com-
prehensive genomic profiling was performed using Founda-
tionOne Heme® (F1H), a clinical grade, high-throughput,
hybridization capture-based NGS assay for targeted sequen-
cing of all exons of 406 genes, and RNA sequencing of 265
genes. F1H methods used have been previously reported in
detail [11–14]. Sequences were analyzed for genomic
alterations including short variant alterations, copy number
alterations, and gene rearrangements as described [11–14].
Filtering of gene rearrangement candidates was performed by
mapping quality (MQ > 30) and distribution of alignment
positions (s.d. >10), along with manual review by expert
analysts. Tumor mutational burden (mutations/Mb) was
determined on 1.2Mbp of sequenced DNA [13]. For
sequence alignment of transcripts, the reference sequences for
KMT2A and YAP1 used were NM_005933 and NM_006106,
respectively; to be consistent with prior literature, the
nomenclature was converted to NM_001197104 and
NM_001130145, respectively.

After exclusion of hematologic-related myeloid/mono-
cytic sarcoma, this cohort of non-hematologic soft tissue
sarcomas harboring KMT2A fusions comprised 33 cases.
Clinicopathological data including patient age, gender,
tumor site, and stage (based on AJCC 8th edition) [15] were
extracted from the accompanying pathology reports, with
histologic review of representative hematoxylin and eosin-
stained sections of all tumors by IC, YPH, LRM, EAW,
and GPN.

Results

KMT2A–YAP1 fusion in the index patient with
aggressive soft tissue sarcoma showing sclerosing
epithelioid fibrosarcoma-like histology

A 42-year-old woman with no prior medical history pre-
sented with a palpable abdominal mass and associated
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discomfort. Abdominopelvic computed tomography demon-
strated a 13.0 cm mass in the left upper quadrant with mul-
tiple peritoneal metastases (Fig. 1a). After the diagnostic
biopsy (see below), the patient received palliative radiation
and died of disease 7 months after presentation.

The biopsy demonstrated an infiltrative sarcoma with
spindled-to-epithelioid cytomorphology within a dense
hyalinized-to-sclerotic background, histologically reminis-
cent of sclerosing epithelioid fibrosarcoma. Variable cyto-
logic and architectural patterns were seen, including varying
tumor cell density and deceptively bland-appearing pauci-
cellular areas (Fig. 1b–f). By immunohistochemistry, tumor
cells demonstrated strong nuclear cyclin D1 expression
(Fig. 1g) and multifocal smooth muscle actin staining but
were negative for MUC4, ERG, CD34, S-100 protein,
desmin, STAT6, CD45, MDM2, CDK4, ALK, and ROS1.
By electron microscopy, tumor cells showed evidence of
fibroblastic differentiation, with prominent dilated rough
endoplasmic reticulum, aggregates of filaments, and cohe-
sion as joined by small junctions (Fig. 1h, i). Cytogenetic
analysis performed on a fresh tumor sample showed a
normal karyotype in 15 metaphases.

Using an RNA-based fusion assay (Supplementary
Table 1d), we identified an in-frame oncogenic fusion
between KMT2A exon 6 (5′) and YAP1 exon 9 (3′). Due to
the primer design, this assay could not assess breakpoints
that contain KMT2A as a 3′ partner. Additional RNA-based
fusion assays (using non-KMT2A gene targets; Supple-
mentary Table 1a, b) and targeted DNA-based next-gen-
eration sequencing (Supplementary Table 1c) identified no
additional pathologic alterations, including EWSR1 or FUS
rearrangements.

Soft tissue sarcomas with complex rearrangements
between YAP1 and KMT2A

To assess the overall frequency of KMT2A structural
alterations in sarcomas, we queried a genomic profiling
database of 14,680 sarcomas, in which there was coverage
of KMT2A by DNA and/or RNA-based sequencing meth-
ods. We identified 33 (0.2%) soft tissue sarcomas beyond
the index case that harbored KMT2A rearrangements.
This cohort included 15 additional soft tissue sarcomas
with complex rearrangements between YAP1 and KMT2A

Fig. 1 Index patient with YAP1–KMT2A fusion-positive sarcoma.
a Abdominopelvic computed tomography shows a 13.0 cm mass in the
left upper quadrant. b Histology shows tumor cells infiltrating around
fibroadipose tissue, with fibrotic stroma (H&E, 40×). c A variably
epithelioid-to-spindly region of tumor cells in a sclerotic stroma with
gaping vessels and infiltration of eosinophils (H&E, 200×). d Tumor
cells infiltrate among individual adipocytes and form round aggre-
gates, replacing residual adipocytes surrounded by sclerosis (H&E,

400×). e Epithelioid-to-spindle tumor cells contain moderate amounts
of eosinophilic cytoplasm, large nuclei, vesicular chromatin, and often
prominent nucleoli (H&E, 400×). f A focal region of tumor cells
shows haphazard arrangement and feathery collagenous stroma (H&E,
400×). g By immunohistochemistry, tumor cells show diffuse nuclear
cyclin D1 staining (400×). h, i Ultrastructural analysis shows an
extracellular collagenous matrix, abundant dilated endoplasmic reti-
culum (h, 8900×), and small aggregates of filaments (i, 14000×).
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(Table 1), two soft tissue sarcomas with VIM–KMT2A
(Supplementary Table 2, patients #S1–S2), and 16 soft
tissue sarcomas with KMT2A fusions to unique non-YAP1
non-VIM partners (Supplementary Table 2, patients
#S3–S18).

Collectively, among the 16 patients with YAP1–KMT2A
fusion-positive sarcomas, 56% were female, and ages ran-
ged from 20 to 66 (median 40) years. Primary tumor
locations included abdomen/peritoneum/retroperitoneum
(36%), hip/back/buttock (29%), upper or lower extremities
(21%), and chest/scalp (14%). This cohort included 13
patients with stage IV (81%), one patient with stage III
(6%), and two patients with stage II disease (13%). Of
sixteen tumors, the submitting pathologic diagnoses inclu-
ded “sclerosing epithelioid fibrosarcoma” in five, “scleros-
ing fibrosarcoma” in one, and descriptive diagnoses that
included “sarcoma,” “favor sarcoma,” or “spindle cell
neoplasm” in the remainder ten cases (including the
descriptor “epithelioid” in six cases and “fibrosarcoma” in
one case).

Histology of this cohort (available for 15 of 16 tumors)
demonstrated features resembling sclerosing epithelioid
fibrosarcoma in all tumors, with variably monomorphic
epithelioid-to-spindle cells embedded in a collagenous stroma
(Fig. 2a–c). Characteristic features of low-grade fibromyxoid
sarcoma, such as arcade-like vessels and variably prominent
myxoid background, were absent. The index case was
remarkable for a small region with feathery-appearing stromal
collagen and showed staghorn hemangiopericytoma-like
vasculature multifocally. Accompanying pathology reports
specified that immunohistochemistry for MUC4 was negative
in all four tumors tested, and that break-apart FISH
for EWSR1 rearrangements was negative in all four tested
cases.

Fusions between YAP1 and KMT2A were detected by
RNA-based assays in all 16 sarcomas, six of which were
additionally confirmed by orthogonal DNA-based assays
(Table 1). In each of the 15 sarcomas in which both the 5′
and 3′ breakpoints of KMT2A could be evaluated, two sets
of breakpoints involving KMT2A and YAP1 were identified.
In 13 tumors (patients #2–14), the first sets of breakpoints
corresponded to fusion of YAP1 exon 5 to KMT2A exon 4,
and the second sets of breakpoints corresponded to fusion of
KMT2A exon 6 to YAP1 exon 9 (variant I), indicative of
insertion of KMT2A exons 4–6 into YAP1 and loss of YAP1
exons 6–8. Of these, eight tumors had separate KMT2A
deletions of exons 4–6 detected at the DNA and/or RNA
level (Table 1).

In the remaining two tumors (patients #15–16), the first
sets of breakpoints corresponded to fusion of YAP1 exon 3
to KMT2A exon 5, and the second sets of breakpoints cor-
responded to fusion of KMT2A exon 6 to YAP1 exon 5
(variant II), indicative of insertion of KMT2A exons 5–6

into YAP1 between exons 3 and 5. In one of these two
tumors, separate KMT2A deletion of exon 5–6 was detected.

No gene amplification of KMT2A was identified. Con-
current genomic alterations included homozygous loss of
CDKN2A in eight tumors, homozygous loss of RB1 in two
tumors, and MDM2 amplification in two tumors (Table 1).
Median tumor mutational burden (TMB) was 1.2 mutations/
Mb (range <0.8–5.7).

Soft tissue sarcomas with VIM–KMT2A fusion

Two soft tissue sarcomas with VIM–KMT2A fusion were
identified (Supplementary Table 2, patients #S1–S2); both
occurred in men, aged 43 and 46 years, and involved the
lower extremities. Histologically, both were round and
spindle cell sarcomas, characterized by monomorphic
spindled-to-round cells with moderate amounts of eosino-
philic cytoplasm (Fig. 3a, b). VIM was identified as the 5′
fusion partner to KMT2A, with breakpoints near exon 4 and
exon 2 respectively (Fig. 3c). Both tumors harbored con-
current mutations in CTNNB1, SMARCB1, and ARID1A
(Supplementary Table 2). TMB was 0.8 and 1.6 mutations/
Mb.

Diverse soft tissue sarcomas with KMT2A fusion to
non-YAP1 Non-VIM partners

Sixteen tumors of diverse histologic subtypes were identi-
fied with KMT2A fusion to nonrecurrent partners (Supple-
mentary Table 2, patients #S3–S18). These tumors affected
patients across a wide age range (6–70 [median 57] years)
and encompassed diverse histologic subtypes, including
leiomyosarcoma, atypical lipomatous tumor, and undiffer-
entiated pleomorphic sarcoma (Fig. 4a–d), among others.
None of these 16 tumors demonstrated histologic features of
sclerosing epithelioid fibrosarcoma or low-grade fibro-
myxoid sarcoma. KMT2A was the 3′ fusion partner in eight
tumors and the 5′ fusion partner in seven tumors, with no
reciprocal transcripts identified in any of the cases. The
remaining tumor (patient #S7) showed separate fusion
partners to KMT2A 5′ and 3′ fragments. Pathogenic TP53
mutation was the most common co-occurring mutation,
present in seven (44%) tumors in this group. Median TMB
was 3.2 mutations/Mb (range <0.8–8.1).

Discussion

In this study, we described 34 soft tissue sarcomas with
KMT2A rearrangements. YAP1 is a commonly recurrent
partner to KMT2A, and YAP1–KMT2A fusion-positive
sarcomas exhibit sclerosing epithelioid fibrosarcoma-
like histomorphology. We found that YAP1–KMT2A
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rearrangements are complex in configuration, showing two
reciprocally oriented breakpoints and often concurrent
KMT2A exon deletions, altogether in keeping with a com-
plex YAP1–KMT2A–YAP1 fusion. We also described the
features of VIM–KMT2A sarcomas as well as sarcomas of
diverse histologic subtypes that harbored unique non-
recurrent KMT2A fusions of unclear significance.

Sarcomas containing complex rearrangements of
YAP1 and KMT2A

This study augments the clinicopathologic descriptions of
YAP1–KMT2A fusion-positive sarcomas [3, 4, 6]. YAP1–
KMT2A fusion-positive sarcomas may behave aggressively,
given the rapid decline in the index patient and the

Fig. 2 Histologic and
Molecular Features of
YAP1–KMT2A fusion-positive
sarcomas. a–c Representative
histology of three YAP1–
KMT2A fusion-positive
sarcomas with variably
monomorphic epithelioid-to-
spindle cells, morphologically
reminiscent of sclerosing
epithelioid fibrosarcoma (a
H&E, 200×; b, c H&E, 400×).
d, e Schematic of complex
YAP1–KMT2A–YAP1
rearrangement, with variant I (d)
and variant II (e) fusions along
with co-occurring KMT2A
deletions.

Fig. 3 Histologic and molecular features of VIM–KMT2A fusion-
positive sarcomas. a, b Representative histology of two VIM–KMT2A
sarcomas with spindle-to-round cell morphology (a H&E, 200×; b
H&E, 400×). c Schematic of VIM–KMT2A rearrangement.

Fig. 4 Histologic features of sarcomas with nonrecurrent KMT2A
rearrangements. a Giant-cell rich pleomorphic sarcoma (case #S5;
H&E, 200×). b Atypical lipomatous tumor (case #S10; H&E, 200×).
c Undifferentiated pleomorphic sarcoma (case #S13; H&E, 200×).
d High-grade endometrial stromal sarcoma (case #S17; H&E, 200×).
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advanced tumor stage in most cases. A limitation of our
study is that the queried database is enriched for aggressive
cases and advanced disease where genetic testing is desired
for therapeutic target identification. From 11 patients with
available follow-up in the three prior studies, three showed
no recurrence after initial resection, five recurred locally or
with unresectable tumors, and three harbored metastatic
disease; altogether, three of 11 reported patients died of
disease [3, 4, 6].

YAP1–KMT2A fusion-positive sarcomas contained his-
tologic patterns reminiscent of sclerosing epithelioid fibro-
sarcoma. While low-grade fibromyxoid sarcoma-like
histology was noted in three of seven cases in one study [6],
this was not observed in other studies [3, 4]. Our histologic
review, limited to a representative section in most cases,
precluded full assessment of such “hybrid” features. How-
ever, none of the tumors received a histologic diagnosis of
low-grade fibromyxoid sarcoma rendered by the submitting
pathologist. Immunohistochemical expression of cyclin D1,
as noted in the index case, might represent a diagnostic clue.
The lack of MUC4 expression in the four tested tumors
herein was also noted previously in all 13 sequencing-
confirmed cases [3, 4, 6]. We additionally provided the first
description of the ultrastructural features of YAP1–KMT2A
fusion-positive sarcoma, which appeared similar to those
reported in sclerosing epithelioid fibrosarcoma [16, 17].
Sclerosing epithelioid fibrosarcoma is characterized by
MUC4 expression and recurrent EWSR1–CREB3L1 or
FUS–CREB3L2 fusion in most cases [18]. While
MUC4 status may be a useful discriminator between
EWSR1/FUS-rearranged sclerosing epithelioid fibrosarcoma
and YAP1–KMT2A fusion-positive tumors, additional stu-
dies to determine the performance of this immunohisto-
chemical marker would be needed for definitive assessment.
Furthermore, identification of YAP1–KMT2A fusion-
positive soft tissue sarcomas with sclerosing epithelioid
sarcoma-like histologic and ultrastructural features raises
the question of whether these sarcomas should be classified
as a distinct entity related to or within the spectrum of
sclerosing epithelioid fibrosarcoma.

Detection of the complex YAP1–KMT2A rearrangement
can be challenging. In prior studies, concurrent KMT2A and
YAP1 rearrangements were noted in only one tumor tested
by both break-apart fluorescence in situ hybridization
(FISH) probes [3]; negative FISH results for KMT2A and/or
YAP1 were common in cases where the fusion was con-
firmed by sequencing [4]. FISH testing is thus not sensitive
for identifying YAP1–KMT2A fusion-positive sarcoma.
Other detection methods include targeted next-generation
DNA-based or RNA-based sequencing assays. While
KMT2A is frequently included on the sequencing panels for
hematolymphoid neoplasms, it is less often covered on solid
tumor sequencing panels due to the low prevalence of

KMT2A structural alterations in solid tumors, including
sarcomas. Nonetheless, our findings suggest that cases with
sclerosing epithelioid fibrosarcoma-like histology that lack
EWSR1 and FUS rearrangements may be selected for
additional testing that includes KMT2A or YAP1 coverage.

While prior studies have generally assumed the expres-
sion of two separate reciprocal transcripts and hypothesized
the YAP1–KMT2A fusion alone to be pathogenic [3, 4, 6],
published data show frequently discrepant sets of break-
points between the YAP1–KMT2A transcripts and the
KMT2A–YAP1 transcripts (see below), suggesting a com-
plex rearrangement. Based on our analysis, we hypothesize
a novel YAP1–KMT2A–YAP1 configuration (Fig. 2d, e),
which may be accounted for by a “cut-and-paste” structural
mechanism in some cases [19].

This complex YAP1–KMT2A–YAP1 fusion configuration
is supported by multiple lines of reasoning and evidence.
First, YAP1 is located 16Mb centromeric to KMT2A on the
same plus strand on chromosome 11q; reciprocal translo-
cations between YAP1 and KMT2A could not be accounted
for by a single intrachromosomal inversion event. Deletion
between 5′ YAP and 3′ KMT2A could also generate an in-
frame fusion but would not account for the two sets of
fusion breakpoints observed. We detected two sets of reci-
procally oriented breakpoints involving KMT2A and YAP1
in every fully evaluated case, along with frequent con-
current exon deletion of KMT2A involving the same exons
implicated in the complex fusion. In fact, a review of all
previously published YAP1–KMT2A fusion-positive sarco-
mas with reported breakpoints confirmed our observations,
with KMT2A exons 5–6 (or exons 4–6) present in all pre-
dicted full-length transcripts and shared between sets of
reciprocals (Table 1; patients #17–29), except in patient
case #19; this lone exception demonstrated an out-of-frame
5′ KMT2A transcript lacking exon 6, similar to a low-level
splice variant seen in the index case absent of KMT2A exon
6. Otherwise, the inclusion of KMT2A exons 5–6 (which
encodes the CxxC-binding domain) within a YAP1–
KMT2A–YAP1 fusion characterized all eight prior cases
reporting both breakpoints, similar to current cases [3, 4, 6].

Second, given that the KMT2A CxxC-binding domain is
integral to HOX gene regulation, it is notable that no
increase in HOXA-related gene expression was detected by
RNA sequencing in three YAP1–KMT2A fusion-positive
sarcomas in a prior study [4]. KMT2A (formerly MLL)
belongs to the polymerase associated factor complex
(PAFc) [20], which modifies chromatins and regulates tar-
get genes such as HOX [21–23]. In ~10% of acute leuke-
mias in which KMT2A is fused to one of >80 fusion partners
[20, 24], KMT2A fusion breakpoints are located primarily
within exons 8–14 (the so-called “breakpoint cluster
region”) [20, 22, 25], preserving both the CxxC-binding
domain in exons 5–6 and the adjacent repression domain 2
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(RD2) largely encoded by exons 7–8. The latter is required
for interaction with PAFc and engagement of transcription
machinery at downstream targets critical to leukemogenesis,
including HOXA cluster genes [22, 25]. The lack of HOXA-
related gene expression in those three YAP1–KMT2A
fusion-positive sarcomas argues against a simple
YAP1–KMT2A fusion that preserves these domains, but
rather a complex YAP1–KMT2A–YAP1 fusion that retains
the CxxC-binding domain but lacks the RD2 domain. Given
the importance of the CxxC-binding domain in the patho-
genesis of acute leukemias, the consistent retention of the
CxxC-binding domain in YAP1–KMT2A–YAP1 fusion
suggests that it plays a key role in the pathogenesis of these
sarcomas [25, 26].

In addition to KMT2A exons 5–6, the YAP1–KMT2A–
YAP1 construct retains at least YAP1 exons 1–3 and exon 9,
with the former encoding the TEAD-binding domain. This
domain is responsible for the downstream activation of
TEAD transcription factors documented in other YAP1-
related oncogenic fusions [27]. YAP1 exon 9 contains a
PDZ-binding motif that has been demonstrated to play a
role in some forms of YAP1-mediated oncogenesis, which is
required for TEAD-associated transcription of the cell
proliferation gene connective tissue growth factor (CCN2/
CTGF) [28]. Interestingly, CCN2 encodes for a matricel-
lular protein that is ubiquitously overexpressed in fibrotic
diseases, and overexpression in fibroblasts is sufficient to
cause fibrosis in tissues of multiple types [29].

Sarcomas with VIM–KMT2A rearrangements and
other nonrecurrent partners to KMT2A

Among the remaining KMT2A rearrangements in this
study, only the VIM–KMT2A fusion was recurrent (n= 2)
and was associated with small round-to-spindle histology.
The only previously published VIM–KMT2A fusion-
positive sarcoma [3] showed similar histology and
expressed NKX2.2 and EMA, both of which were also
expressed in one of our cases herein and may represent
potential diagnostic adjuncts. Collectively, these three
VIM–KMT2A sarcomas presented in young adult males in
the lower extremities. VIM, located on chromosome
10p13, encodes vimentin and has been described in
fusions with FOS in a subset of epithelioid hemangioma
[30, 31]. The initial study on a VIM–KMT2A sarcoma
demonstrated high expression of KMT2A and the down-
stream target HOXA genes [3], likely driven by the highly
active VIM promoter in the VIM–KMT2A fusion, with
retention of both CxxC-binding and RD2 domains in
KMT2A that allow PAFc-associated chromatin modifica-
tion of HOX-related genes.

In the remaining sarcomas with KMT2A fusions to non-
YAP1 non-VIM partners, none of the gene partners were

recurrent or previously described, and these sarcomas har-
bored diverse histologic diagnoses. While leiomyosarcoma
was the most common diagnosis, there was no clear uni-
fying theme, and none showed sclerosing epithelioid
fibrosarcoma-like histology as in YAP1–KMT2A fusion-
positive sarcomas or small round blue cell-like histology in
VIM–KMT2A fusion-positive sarcomas. The rarity of non-
recurrent KMT2A fusions in histologically diverse sets of
sarcomas underscores the importance of correlating mole-
cular results with clinicopathologic parameters when
reaching the diagnosis. Given their rarity and the frequent
presence of diverse co-occurring mutations, these non-
recurrent KMT2A fusions may represent sequelae of geno-
mic instability rather than bona fide oncogenic drivers. The
fusions have not been corroborated by orthogonal techni-
ques, and the significance of these nonrecurrent fusions
should be interpreted with caution.

In conclusion, in a comprehensive genomic profiling
database of 14,680 sarcomas, KMT2A rearrangements were
observed in 0.2% of cases. Most KMT2A fusions involved
complex rearrangements with YAP1, consistent with a YAP1–
KMT2A–YAP1 fusion configuration. YAP1–KMT2A fusion-
positive sarcomas primarily affected young adults and showed
a sclerosing epithelioid fibrosarcoma-like histology. VIM–

KMT2A sarcomas also showed a predilection for young
adults, however with a spindle-to-round cell morphology.
Other unique and nonrecurrent KMT2A fusions occurred in
sarcomas of diverse histologic subtypes with unclear sig-
nificance. Identification of sarcomas with pathogenic KMT2A
fusions raises a possibility of targeted therapies which are
actively being pursued in KMT2A-rearranged leukemias
[32, 33]. Comprehensive genomic profiling of sarcomas may
aid the characterization of recurrent complex alterations and
enable precise tumor classification in conjunction with their
clinicopathologic contexts.
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