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Fibrohistiocytic tumors in children and adolescents represent
a heterogeneous group of mesenchymal neoplasms. Their bi-
ological behavior spans a broad spectrum, ranging from be-
nign lesions to malignant sarcomas, and they are unified by
a common histologic differentiation spectrum encompassing
fibroblastic, myofibroblastic, and histiocytic-dendritic line-
ages.! The molecular pathological landscape of these tumors
is rapidly expanding with the application of next-generation
sequencing (NGS) technologies. This report details a case of
an infantile low-grade mesenchymal tumor with fibrohistio-
cytic differentiation harboring a unique co-occurring CSF1R
mutation and MALATI1 rearrangement, which has not been
previously reported. This report expands the molecular land-
scape of infantile fibrohistiocytic tumors and provides in-
sights into potential pathogenic mechanisms.

The patient was a nine-month-old male infant. Two months
ago, a physical examination revealed a mass in the right ax-
illa. Subsequently, the infant underwent excision of the right
axillary mass at a local children’s hospital. The pathologi-
cal sections of the mass were submitted to our Department
of Pathology for consultation. Two months after the axillary
mass resection, an ultrasound examination at our institution
revealed a hypoechoic nodule in the right paravertebral re-
gion (Supplementary Fig. 1), which was considered indica-
tive of postoperative tumor recurrence based on the patient’s
history. The patient subsequently underwent percutaneous
biopsy under ultrasound guidance in the Department of Ul-
trasound at our hospital. However, the pathological morphol-
ogy (Supplementary Fig. 2) and immunohistochemical find-
ings (Supplementary Fig. 3) of the biopsy specimen were
inconsistent with those of the original right axillary mass,
suggesting a different tumor. The patient was discharged fol-
lowing the implantation of a venous port-access device at our
institution, and chemotherapy was not initiated. The patient
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was subsequently seen at Guangzhou Children’s Hospital,
where a paravertebral mass resection was performed. The
Department of Pathology at the children’s hospital diagnosed
the lesion as neuroblastoma. Immunohistochemical results
showed that tumor cells were positive for Phox2B and ATRX,
negative for C-myc and ALK, with a Ki-67 index of 5%. Fluo-
rescence in situ hybridization (FISH) analysis demonstrated
no amplification of the MYCN gene. Recent chest DR imaging
of the child revealed no abnormalities in the heart, lungs, or
diaphragm, and the distal tip of the infusion port was posi-
tioned at the level of the sixth thoracic vertebra (Supplemen-
tary Fig. 4). One year after the resection of the axillary mass,
there has been no recurrence or metastasis of the right axil-
lary lesion, and the child remains alive. This report primarily
focuses on the right axillary mass.

The resected axillary mass measured 1.8 cm x 1.7 cm x 1
cm and presented a grayish-white, nodular cut surface. His-
topathological examination of the axillary mass revealed that
the tumor tissue was located within the dermis, with rela-
tively well-defined borders and focal extension into the sub-
cutaneous adipose tissue (Fig. 1a). The tumor cells exhibited
a slightly storiform growth pattern (Fig. 1b and c). The tu-
mor cells were predominantly short and spindle-shaped, with
lightly eosinophilic cytoplasm and irregular nuclear contours.
Small nucleoli were discernible in a subset of cells, and the
chromatin exhibited a variably coarse-to-fine texture. Mitotic
figures were frequent, approximately 20 per 2 mm?2, and
pathological mitotic figures were also identified (Fig. 1d-g).
Focal hemosiderin deposition was noted (Fig. 1h).

Immunohistochemical staining revealed that the tumor
cells exhibited strong positivity for CD163 (Fig. 2a), approxi-
mately 40% positivity for Cyclin D1 (Fig. 2b), and partial
positivity for CD10. Notably, BRG1 expression was retained
without loss. The tumor cells also exhibited positivity for
CD99, CD4, CD31, and CD68. Conversely, negative results
were obtained for CK, SMA, desmin, calponin, CD34, BCOR,
MUC4, ALK, TLE1, CR, SOX10, CD30, granzyme B, TIA-1,
CD3, CD45, CD1a, P53, TRK, Bcl-2, S-100, EMA, ERG (Fig.
2c), WT1 (Fig. 2d), MPO (Fig. 2e), as well as NKX2.2 (Fig.
2f), CD79a, and CD117 (Fig. 2g), with a Ki-67 proliferation
index of approximately 40% in hotspot regions (Fig. 2h).
FISH analyses showed negative results for CIC gene break-
age (19q913) (Fig. 3a), EWSR1 gene rearrangement (Fig. 3b),
and ETV6::NTRK3 fusion genes (t(12;15)) (Fig. 3c). NGS
of DNA and RNA from the tumor tissue identified a CSF1R
P566_N572del mutation and a MALATI1/intergenic rear-
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Fig. 1. Representative hematoxylin and eosin (H&E) stains of the axillary mass tissue: the tumor tissue was located within the dermis, with relatively
well-defined borders and focal extension into the subcutaneous adipose tissue (a, original magnification, x40; scale bar, 125 pm). The tumor cells
exhibited a slightly storiform growth pattern (b-c, original magnification, x200; scale bar, 20 pm). The tumor cells were predominantly short and spindle-
shaped with irregular nuclear contours, exhibited frequent mitotic figures (approximately 20 per 2 mm?2), and displayed lightly eosinophilic cytoplasm (d-g, original
magnification, x400; scale bar, 10 pm). Focal hemosiderin deposition was noted (h, original magnification, x400; scale bar, 10 pm).

rangement, with the intergenic region located on chromo-
some 19q13. The MALAT1 break-apart probe (MALATI1 red
break-apart probe and MALAT1 green break-apart probe)
was used to assess 100 cells. The results showed 6% with a
1R1G signal pattern, 35% with a 1R1G1F pattern, and 3%
with a 1R1G2F pattern, indicating the detection of a MALAT1
gene rearrangement (Fig. 3d). Based on a comprehensive
evaluation of the histological characteristics, immunohisto-
chemical profile, FISH results, and NGS data, a final diagno-
sis of an infantile low-grade mesenchymal tumor with fibro-
histiocytic differentiation and co-occurring CSF1IR mutation
and MALAT1 rearrangement was established.

For this case, the differential diagnosis should encom-
pass infantile fibrosarcoma, spindle cell synovial sarcoma,
inflammatory myofibroblastic tumor, CIC-rearranged sar-
coma, BCOR-altered sarcoma, undifferentiated round cell
sarcoma with Ewing-like morphology, malignant peripheral
nerve sheath tumor, spindle cell rhabdomyosarcoma, and
leiomyosarcoma. Despite the patient’s age and tumor mor-
phology suggestive of infantile fibrosarcoma, the diagno-
sis was not supported by negative TRK and the absence of
ETV6::NTRK3 fusion on FISH.2 Synovial sarcoma was ruled
out based on negative expression of epithelial markers (CK,
EMA) and TLE1l. ALK negativity by immunohistochemistry
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Fig. 2. Representative immunohistochemical stains of the axillary mass tissue (original magnification, x100; scale bar, 40 pm). The tumor cells exhibited
strong positivity for CD163 (a), approximately 40% positivity for Cyclin D1 (b), and a Ki-67 proliferation index of approximately 40% in hotspot regions (h). Staining
results were negative for ERG (c), WT1 (d), MPO (e), NKX2.2 (f), and CD117 (g).
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Fig. 3. Fluorescence in situ hybridization (FISH) analyses showed negative results for CIC gene breakage (19q13) (a), EWSR1 gene rearrangement
(b), and ETV6::NTRK3 fusion genes (t(12;15)) (c). The MALAT1 break-apart probe (MALAT1 red break-apart probe and MALAT1 green break-apart
probe) was used to assess 100 cells. The results showed 6% with a 1R1G signal pattern, 35% with a 1R1G1F pattern, and 3% with a 1R1G2F pattern,

indicating the detection of a MALAT1 gene rearrangement (d).

and lack of inflammatory infiltrate argued against inflamma-
tory myofibroblastic tumor.? CIC-rearranged sarcoma and
BCOR-altered sarcoma were excluded due to FISH analysis
demonstrating no CIC rearrangement and nonreactive BCOR
immunohistochemistry, respectively.* The spindle cell mor-
phology, absence of NKX2.2 expression, and negative EWSR1
FISH contradicted undifferentiated round cell sarcoma with
Ewing-like morphology.> Negative expression of neural mark-
ers (S-100 protein, SOX10) excluded malignant peripheral
nerve sheath tumor. Additionally, spindle cell rhabdomyosar-
coma and leiomyosarcoma were excluded because desmin,
SMA, and calponin by immunohistochemistry were negative,
and there was a lack of evidence of myogenic differentia-
tion. The CD68/CD163-positive immunophenotype prompted
consideration of fibrohistiocytic tumors, such as tenosynovial
giant cell tumor (TGCT). However, this possibility was ex-
cluded based on atypical clinical presentation (occurring in
the axillary soft tissue of an infant), inconsistent histological
features (lacking the characteristic admixture of osteoclast-
like giant cells and foamy histiocytes), and a distinct molecu-
lar profile (co-occurring CSF1R mutation and MALATI1 rear-
rangement, which is fundamentally different from the CSF1
fusions characteristic of TGCT.67 Other MALATI-rearranged
tumors, such as gastric plexiform fibromyxoma, were also
considered but dismissed due to the distinct anatomic site,

bland histology with a plexiform growth pattern, and specific
MALATI1::GLI1 fusion.® In conclusion, this tumor cannot be
classified into any known existing category. The CSF1R mu-
tation co-occurring with MALAT1 rearrangement in this case
may define a novel molecular subtype.

The CSF1R gene encodes a tyrosine kinase receptor
regulating macrophage proliferation and differentiation.®
Mutational activation of the CSF1/CSF1R axis recruits tu-
mor-associated macrophages (evidenced by CD68/CD163
positivity) and promotes tumor progression via immunosup-
pression and angiogenesis.10 In this case, the CSFIR mu-
tation is likely responsible for the tumor cells exhibiting a
macrophage-like immunophenotype. Notably, CSF1R inhibi-
tors (e.g., pexidartinib, ABSK021) demonstrate therapeutic
efficacy in TGCTs,!! suggesting potential targeted therapy
applicability in this molecular context. In contrast, MALAT1,
a long non-coding RNA, regulates cancer-related processes,
including proliferation, metastasis, and drug resistance, by
interacting with transcription factors, growth factors, and
epigenetic modifiers.'? Its rearrangements are increasingly
recognized as potent oncogenic drivers. In gastric plexiform
fibromyxoma, MALATI1-derived regulatory elements (e.g.,
TATA box, ETS1 motifs) act as a strong promoter when fused
to GLI1, driving expression of a truncated GLII transcript.!3
The resulting protein lacks key regulatory domains, leading
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to constitutive Hedgehog pathway activation and increased
cell proliferation.* Additionally, in TFEB-rearranged renal cell
carcinoma, translocation places TFEB under the control of
the MALAT1 promoter, causing marked TFEB overexpression
and sustained activation of genes involved in proliferation,
metabolism, and tumorigenesis.!>

We hypothesize that these two genetic events are not iso-
lated but may exert synergistic effects. One plausible model
is that the unknown gene activated by the MALATI rear-
rangement and the downstream signaling pathway activated
by the mutant CSF1R converge and mutually reinforce each
other at a critical nodal point, such as a shared transcriptional
regulator or cell-cycle checkpoint. This synergistic interaction
could generate potent oncogenic driving forces, ultimately
leading to the development of this low-grade mesenchymal
tumor with a unique macrophage-like phenotype.

In summary, we present a distinctive tumor characterized
by its occurrence in infancy, location in the axillary subcu-
taneous tissue, histomorphology of a low-grade spindle cell
tumor, a unique CD163/CD68-positive macrophage-like im-
munophenotype, and a co-occurring molecular signature of
CSF1R mutation and MALAT1 rearrangement. This tumor
cannot be classified into any known existing category. The
co-occurring molecular signature of CSF1R mutation and
MALAT1 rearrangement has not been reported in the existing
literature, which may act synergistically to drive tumorigen-
esis and progression. Future research aimed at identifying
the specific partner gene of the MALAT1 rearrangement will
significantly deepen our understanding of the pathogenesis
of this tumor type and lay the groundwork for exploring pre-
cision therapies targeting the CSF1R pathway.
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