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ABSTRACT

TRAF7 mutations are a rare occurrence in human cancer and have recently been described in a group of mesenchymal tumors

with varying clinical course. Herein, we expand the spectrum of TRAF7-mutated fibromyxoid spindle cell tumors by reporting

the first case to arise in bone. A 60-year-old woman presented with right knee pain and was incidentally found to have a left distal
femur lesion, which was first detected 20years prior when it was favored to be benign. Recent imaging studies revealed signifi-
cant interval growth with focal cortical destruction and soft tissue extension. Histologic examination showed a bland spindle cell
neoplasm with fibrous to myxoid stroma. Rare mitotic figures were present; necrosis and marked cytologic atypia were absent.

Immunohistochemical work-up showed that the spindle cells only demonstrated focal cytoplasmic staining with LICAM, and

whole exome sequencing identified a TRAF7 p.Y563C missense mutation. The tumor was resected, and the patient is recovering

well at 2 months with no evidence of local recurrence or distant disease. This report is the first known case of a TRAF7-mutated
fibromyxoid spindle cell tumor of bone with the longest clinical follow-up reported to date.

1 | Introduction

TRAF7 mutations are a rare occurrence in human cancer with
an overall frequency of <7% [1]. Higher frequencies of somatic
TRAF7 mutations have been identified in meningioma (23%—
29%) [2], especially the secretory (97%) [3] and chordoid (27%)
[4] subtypes, intraneural perineurioma (63%) [5], adenomatoid
tumor of genital type (85%) [6-8], malignant pleural mesothe-
lioma (~2%) [9], localized pleural mesothelioma (33%) [10], and
well-differentiated papillary peritoneal mesothelioma (90%)
[11-13]. In contrast, germline mutations in TRAF7 have been

detected in patients with developmental delay and cardiofacial
defects [14, 15].

The TRAF7 protein is part of the tumor necrosis factor (TNF)
receptor-associated factor (TRAF) family of intracellular pro-
teins. TRAF?7 is one of seven known mammalian TR AF proteins
(TRAF1-7) and is known to interact with MEKK3 and regulate
the nuclear factor-kappa B (NF-kB) signaling pathway [5]. All
the TRAF proteins, except for TRAF1, have a RING finger do-
main localized at their N-terminus, which possesses E3 ubiqui-
tin ligase activity, followed by one or more zinc finger domains
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[16]. Unique to this group, the C-terminus of TRAF7 contains
seven WD40 repeats [17], composed of repeating units of 40-60
variable residues that end in tryptophan (W) and aspartate (D)
dipeptides. Somatic TRAF7 mutations in tumors typically occur
in this C-terminal hotspot region of WD40 repeats, which leads
to activation of the NF-kB signaling pathway.

In 2023, Dermawan et al. reported three cases of TRAF7-
mutated fibromyxoid spindle cell tumor arising in the deep soft
tissue of adult patients with aggressive clinical behavior de-
spite a low-grade histologic appearance [18]. Shortly thereafter,
in 2025, a fourth case of TRAF7-mutated myxoid and spindle
cell mesenchymal tumor involving both soft tissue and bowel
was reported in an immunocompromised pediatric patient [19].
Herein, we report the first known case of a TRAF7-mutated fi-
bromyxoid spindle cell tumor of bone with over 20years clinical
follow-up, thereby expanding the clinicopathologic spectrum of
this rare and emerging mesenchymal neoplasm.

2 | Materials and Methods

2.1 | Case Selection

This study was approved by the Institutional Review Board of
Indiana University (protocol #17625). The case was identified
through routine clinical practice, and the clinicopathologic fea-
tures were assessed by the authors.

2.2 | Immunohistochemistry

A panel of immunohistochemical stains was performed on
4-um formalin-fixed paraffin-embedded (FFPE) tissue sections

using standard techniques. Detection and staining were per-
formed using a fully automated DAB antigen retrieval system
(Benchmark ULTRA; Ventana Medical Systems, Tucson, AZ,
USA), with appropriate controls. The following antibodies were
used: mouse monoclonal anti-L1ICAM (UJ127.11, RTU; Sigma-
Aldrich, St. Louis, MO), mouse monoclonal anti-cytokeratin
(AE1/AE3, RTU; Dako, Santa Clara, CA), rabbit polyclonal
anti-S100 protein (RTU; Dako, Santa Clara, CA), mouse mono-
clonal anti-SMA (1A4, RTU; Dako, Santa Clara, CA), mouse
monoclonal anti-beta-catenin (14, RTU; Cell Marque, Rocklin,
CA), mouse monoclonal anti-desmin (D33, RTU; Dako, Santa
Clara, CA), mouse monoclonal anti-CD34 (QBEnd10, RTU;
Dako, Santa Clara, CA), mouse monoclonal anti-EMA (E29,
RTU; Dako, Santa Clara, CA), mouse monoclonal anti-MUC4
(8G7, RTU; Cell Marque, Rocklin, CA), and rabbit monoclo-
nal anti-GRM1 (JM11-61, 1:500; Thermo Fisher Scientific Inc.,
Waltham, MA). The immunohistochemical stain for GRM1 and
interpretation was performed at Stanford Anatomic Pathology
and Clinical Laboratories. The threshold for designating positiv-
ity was expression in > 5% of cells.

2.3 | Fluorescence in Situ Hybridization (FISH)
Fluorescence in situ hybridization for MDM2 (12q15) amplifi-
cation was performed at Mayo Clinic Laboratories according to
previously described protocols [20].

2.4 | Next-Generation Sequencing (NGS)
Next-generation sequencing was performed through Caris Life

Sciences. Whole exome sequencing with a high-throughput
assay analyzed over 22000 DNA genes, and a 250000 evenly

FIGURE1 | Radiograph. AP (A) and lateral (B) radiographs of the left knee show a large, partially sclerotic intraosseous and extraosseous lesion

in the distal femoral metaphysis (wide arrows), centered at the posterolateral cortex with irregular central internal mineralization of the posterior

extraosseous component (dashed arrow).
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spaced genome single nucleotide polymorphism back-bone was
used to enhance detection of genome-level alterations.

3 | Results
3.1 | Clinical Summary and Radiologic Findings

A 60-year-old woman with a medical history of osteoporosis
treated with alendronate and a surgical history of a right anterior
cruciate ligament reconstruction 30years ago presented with
right knee pain after tripping over her dog. Imaging work-up
revealed no acute pathology in her right knee but incidentally
noted a left distal femur lesion. She reported that the left femur
lesion had first been detected 20years ago, when it was small
and favored to be benign.

Dedicated radiographs of her left knee showed an irregular,
partly sclerotic lesion centered at the posterolateral cortex of her
distal femoral metaphysis with intraosseous and extraosseous
components, a thick posterior periosteal reaction, and reticular
mineralization of the extraosseous soft tissue mass (Figure 1).
Follow-up MRI of her left knee showed a T1-hypointense,

T2-hyperintense mass (6.0cm) in the posterior distal femoral
metaphysis with intramedullary and extraosseous extension
(Figure 2A-D). Focal cortical destruction was present, though
peripheral sclerosis about the intramedullary component and
thick periosteal reaction deep to the extraosseous component
suggested a slow-growing process. Internal hypointense septa-
tions, corresponding to internal calcification, were present with
heterogeneous mild internal enhancement, primarily at the pe-
riphery and in the internal septations. Review of the initial CT
imaging 20years prior showed a much smaller exophytic, corti-
cally based lesion with saucerization and sclerosis of the cortex
and a hypodense soft tissue mass with thin, ring-and-arc-type
central mineralization (Figure 2E,F), suggestive of a surface
bone lesion and favored to represent a juxtacortical chondroma
at that time. The patient was subsequently lost to follow-up until
the lesion was incidentally rediscovered.

3.2 | Gross, Histopathologic,
and Immunohistochemical Findings

Biopsy of the lesion showed a low-grade-appearing spindle cell
neoplasm with fibrous and myxoid stroma (Figure 3A,B). No

FIGURE 2 | Current MRI and CT from 20years prior. MR imaging (A, axial T1; B, axial T2 FS) shows a large T1-hypointense, T2-hyperintense

mass (thick arrows) in the posterior distal femoral metaphysis with intramedullary and extraosseous components. Peripheral sclerosis (arrowheads)
and a thick periosteal reaction are present (thin arrow). Sagittal MR images (C, sagittal MODIR; D, sagittal T1 FS+ C) again show the large, lobulat-
ed mass with focal cortical destruction and heterogeneous mild internal enhancement, primarily at the periphery and internal septations (dashed
arrows). CT images (E, sagittal; F, axial) from 20years prior show a cortically based exophytic lesion at the posterolateral distal femoral metaphysis
with saucerization and sclerosis of the cortex (arrowheads) and a hypodense soft tissue mass (thin arrow) with the appearance of thin, ring-and-arc
mineralization centrally (dashed arrow).
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tumor necrosis and no marked cytologic atypia or pleomor-
phism were identified. Rare mitotic figures (up to 3 per 10 high-
powered fields) without atypical forms were present.

An immunohistochemical stain for LICAM demonstrated cy-
toplasmic staining in approximately 30% of the lesional cells
(Figure 3G); CK AE1/AE3, S100 protein, SMA, beta-catenin,
desmin, CD34 (Figure 3H), EMA (Figure 3I), MUC4, and
GRM1 were essentially negative. All control slides stained
appropriately.

Subsequent resection showed a well-defined, solid, and multi-
lobulated mass involving bone with focal cortical destruction
and soft tissue extension (Figure 4). Dense, tan-white fibrous
areas were present along with prominent myxoid areas. The
histology of the resection was essentially identical to the bi-
opsy, showing focal areas with increased cellularity and a more

epithelioid appearance (Figure 3C-F). The tumor was relatively
circumscribed but unencapsulated, with focal infiltration into
the surrounding adipose tissue.

3.3 | Cytogenetic and Molecular Findings

Fluorescence in situ hybridization (FISH) for MDM2 amplifica-
tion was negative. Whole exome sequencing detected a somatic
pathogenic alteration in the TRAF7 gene (c. 1688 A>G). The
missense mutation (TRAF7 p.Y563C) was in the C-terminal
WD40 repeat domain of the encoded TRAF7 protein (Figure 5).
The variant allele frequency was 19%, and the depth of coverage
was 1144. No other pathogenic alterations, mutations, or signif-
icant copy number alterations were identified. Microsatellite
instability (MSI) was stable. Both tumor mutational burden (2
mut/Mb) and genomic loss of heterozygosity (7%) were low.

“ |'M..k "v

FIGURE3 | Histologic and immunohistochemical findings. The biopsy showed a low-grade-appearing spindle cell neoplasm (A) with fibrous and
myxoid stroma (B). The resection showed similar findings with areas of increased cellularity reminiscent of LGFMS (C). Focal areas showed tumor
cells with a more epithelioid appearance and mild to moderate cytologic atypia (D, E). Infiltration of bone (F) with soft tissue extension was present.
Immunohistochemical stains showed that the lesional cells demonstrated focal cytoplasmic staining with LICAM (G), while they were essentially

negative for CD34 (H) and EMA (I).
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3.4 | Clinical Follow-Up

Prior to resection, PET scan showed mild hypermetabolism of
the left distal femoral mass (max SUV 3.7) without evidence
of distant metastasis. At present, the patient is recovering well
from distal femoral resection with hinged knee replacement and
undergoing active surveillance with no evidence of disease at
2months post resection.

4 | Discussion

To date, including our case, only five cases of TRAF7-mutated
fibromyxoid spindle cell tumor have been reported (Table 1).
In 2023, Dermawan et al. reported three cases of deep soft tis-
sue lesions arising in adult patients [18]. The tumors occurred
in two women and one man with an age range of 63-75years
(median: 67years). The masses involved the shoulder, chest
wall, and thigh. Tumor size ranged from 7.0 to 9.1 cm in great-
est dimension (median: 7.8 cm). Despite a low-grade histologic
appearance, two patients developed distant metastatic dis-
ease, involving the lungs and bone, and both died of disease
at 5 and 36 months. The metastatic lesions were noted to have
increased mitotic activity and a more epithelioid appearance
without necrosis. The third patient was alive with no evidence
of disease at 9 months. In 2025, Torres et al. reported the fourth
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FIGURE 4 |
well-defined, solid, and multilobulated mass involving bone with focal

Gross pathology of resection. The resection showed a

cortical destruction and soft tissue extension.
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and first pediatric case, a large abdominopelvic mass arising
in a 13-year-old girl with a history of heart and renal trans-
plant [19]. The possible connection to immunosuppression in
this case mirrors the suggested association between immuno-
suppression and adenomatoid tumors with TRAF7 mutations
[7, 8]. Following resection, the young girl is stable and on active
surveillance at 7months. Compared to these four prior cases,
the present case represents the first confirmed bone primary
with the longest clinical follow-up reported to date, expanding
the clinicopathologic spectrum of this rare and emerging mes-
enchymal neoplasm.

The location of this lesion, arising on the cortical surface of
the posterior aspect of the distal femur, raised the possibility
of a parosteal osteosarcoma. The patient's prolonged clinical
history and presence of intramedullary extension support the
diagnosis; however, parosteal osteosarcoma demonstrates con-
siderably higher prevalence among young adults, with its peak
incidence during the third decade of life. While the current
case does demonstrate a low-grade spindle cell appearance,
the parallel and well-formed fascicles of woven bone, charac-
teristic of parosteal osteosarcoma, are missing. Furthermore,
FISH for MDM?2 amplification, which is present in the major-
ity of parosteal osteosarcoma, was also negative. Given the fi-
bromyxoid appearance of the lesion, a chondromyxoid fibroma
(CMF) was also considered. CMF is a benign cartilaginous
neoplasm characteristically composed of stellate or spindle-
shaped cells in a myxoid to fibrous background. The distal
femur is a common site for CMF, and evidence of cortical de-
struction may be seen. On a molecular level, most CMFs show
rather specific upregulation of GRM1I expression. Unlike CMF,
which typically shows immunohistochemical expression of
both GRM1 and S100 protein, this lesion was negative for both
markers, and the tumor further showed uncharacteristically
aggressive features on imaging. Another fibromyxoid lesion
in the differential diagnosis is a low-grade fibromyxoid sar-
coma (LGFMS). LGFMS typically contains bland spindle cells
with alternating collagenous and myxoid areas. While LGFMS
much more typically arises in soft tissue, rare cases occur-
ring in bone have been reported [21]. The majority (>90%)
of LGFMS have FUS:CREB3L2 gene fusions and demon-
strate strong immunohistochemical expression of MUC4,
both of which were missing in this case. Given the presence
of a TRAF7 mutation, a perineurioma was briefly considered.
Arguing against perineurioma, this case lacked a whorled to
lamellar architecture and immunohistochemical expression
of EMA, both features typically seen in perineurioma. Like

WD40 repeat...

FIGURE 5 | TRAF?7 protein with mutation. The TRAF7 protein has a RING finger domain localized at its N-terminus, which has E3 ubiquitin
ligase activity, and is followed by a zinc finger domain. The C-terminus contains seven WD40 repeats, and the missense mutation p.Y563C (arrow-

head) occurs in this hotspot region. The corresponding amino acid positions (Pos.) are indicated at the bottom of the figure.

Genes, Chromosomes and Cancer, 2026

50f 8



's1eak ‘A {Aouanbaiy o[a[[e JUBLIRA ‘T VA SYIUOW ‘OUI 3[R ‘I {AT)STWOYI0ISTYouUnwWI ‘OHT Sp[a1y patomod-ySiy ‘Jdy oreway ‘o (9seasIp Jo parp ‘O 9SeasIp JO 0UIPIAS OU dAI[R ‘AN :SUONRIAIQQY

TINYD ‘vONIN
‘VINA ‘v€dD
‘UTwIS9p ‘uru9led

ased -8J9q ‘VIA'S ‘urojord
JuRIIN) () ANV (%6T) Dg9sXd 001S ‘€dV/1dV 3D VI Jussqy Jdyor 1ad ¢ 09 Inuweg A/09 S
11L071O ‘0¥-2a
‘urwisep ‘VIA'S ‘0TX0S STA[O
[61] (L) AaNv (%¥¥) q19sS'd  “‘uroxd 001S ‘TSINVD €dD Juesqy Jdy ot 10d €1 9'Cl  /uswopqy d/€T %
¥IAD ATV ‘8XVd (pa19171R08)
‘UrunLIfed ‘890D TNAN
SIselsejaul JueISIp ‘€T ‘eI ‘urwsap Nd ‘TILM AI1ATIO®R OTI0ITW
[81] ym (S) aod (%T+T) qTeoN'd ‘VIAS ‘uneiay] ‘PEAd JuasqQy JuedIUSIS ON 16 ysry, d/SL €
44 TV dl-ued LLOTO
‘VINA ‘OLVLS ‘vONIN ‘PEAD
“UTudIRd-B1_(Q “UIWSIP ‘(Teo0y) KI1ATIO®R OT)0ITW
[81] (6) ANV (%S'12) S9¢sD'd  “01XOS ‘urloid 0TS VIAS JuasqQy juedIUSIS ON 0L  [lemisoyd /€9 4
9LVLS ‘vsdD
‘YONIN ‘Uruaed-e1aq
SISBISBIOW JUBISIP (%0°8) SLLSAd “Y-UB[QA ‘UTWISIP
[81] yim (9€) dod ‘(»1'9)S86sd'd  ‘urjord QTS ‘UnRISY VIAS juesqy  siseiselpw urydyor pd ot 8L Iap[noys N/L9 1
SIOURIIJY (uoryoasaiisod (%AVA) (=) OHI (+) OHI SISOIOIN £31ATI9% O1I0ITIN (ud) IS pEIN ase)
owr) dn-mofjoj uopeIN 9ZIS /(1eak)
[earury LAVYL asv

"9NSSI} 1JOS PUE SUOQ JO SIOWN] [[30 d[pulds PIOXAWOIqL] PAIeINW-LI VYL |

THTdVL

Genes, Chromosomes and Cancer, 2026

6 of 8



perineurioma, meningioma is also well known to have TRAF7
mutations. In contrast to this lesion, meningiomas characteris-
tically arise in intracranial locations. While meningiomas can
invade bone, and rarely occur outside the neuraxis, a primary
lesion involving the distal femur would be very unusual.

A comprehensive immunohistochemical work-up revealed
that our case only demonstrated focal cytoplasmic staining
with L1 cell adhesion molecule (L1ICAM). L1ICAM is a known
transcriptional target of NF-kB and has emerged as a reliable
surrogate marker for tumors with activated NF-kB signaling
[22, 23]. A previous study by Goode et al. showed that mutant
but not wildtype TRAF7 led to increased phosphorylation of
NF-kB, a modification that leads to activation and upregulation
of L1ICAM expression, a downstream transcriptional target of
NF-kB [7]. Immunohistochemical expression of LICAM, rang-
ing from focal to robust, has been reported in other tumors with
TRAF7 mutations, including adenomatoid tumor [7] and well-
differentiated papillary mesothelioma [13]. While molecular
confirmation remains the gold standard, immunohistochemical
expression of LICAM may be useful as a surrogate marker for
activating TRAF7 mutations and as a screening tool for these
rare mesenchymal neoplasms.

Molecular studies revealed that the TRAF7 mutation was the
sole significant alteration, indicating that it is likely the driver
of pathogenesis. Like other tumors with TRAF7 mutations,
the missense mutation occurred in the C-terminal hotspot
WD40 repeat region. While the specific TRAF7 p.Y563 muta-
tion found in this case has previously been reported in both
meningioma and mesothelioma [16, 24], this case fit best with
the previously described TRAF7-mutated fibromyxoid spindle
cell tumors [18, 19]. Methylation studies had shown that these
mesenchymal neoplasms clustered closest to the undifferen-
tiated sarcoma and myxofibrosarcoma methylation classes
[18]; however, their clinical, molecular, and methylation pro-
files suggest that they most likely represent a distinct entity.
The limited cases reported to date have shown a spectrum of
clinicopathologic behavior. While two deep soft tissue lesions
have demonstrated a highly aggressive clinical course, despite
low-grade-appearing histology, this case, along with the only
reported pediatric case, has shown much more indolent behav-
ior. Overall, the clinical behavior of TRAF7-mutated mesen-
chymal tumors remains uncertain, and more data is needed to
fully understand these rare tumors. Given the possibility of ag-
gressive behavior, complete resection with active surveillance
is recommended.
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