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Abstract

neoplasm.

Atypical cellular neurothekeoma is a rare benign soft-tissue tumour that usually arises in the head and neck region,
shoulder girdles, and proximal extremities, predominantly in young women. This dermal neoplasm is under-
reported in the literature and is not uncommonly misdiagnosed as a malignant tumour due to its worrisome
histologic characteristics. Currently, the diagnosis of cellular neurothekeoma relies on a panel of non-specific
immunohistochemical markers and its etiopathogenesis is unknown.

Herein, we present the case of an atypical cellular neurothekeoma in the arm of a 49-year-old woman,
describing its microscopic features and immunohistochemical profile. Additionally, we present a novel
heterozygous predicted inactivating NFT mutation, not previously reported, which was identified using high-
throughput molecular techniques. Such finding might provide insights into the pathogenesis of neurothekeoma,
potentially contributing to future refinements in diagnosis, which would enable more precise identification of this
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Background

Neurothekeoma is a rare benign soft-tissue tumour that
generally presents as a solitary, slow-growing, non-pain-
ful or mildly symptomatic dermal-based nodule. It pref-
erentially arises in the head and neck region, shoulder
girdles and proximal upper extremities. It mainly affects
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children and young adults with a median age at presenta-
tion in the second decade of life. A female predilection is
noted, with a F: M ratio ranging from 1.8 to 4.3:1 in larger
series [1-3].

From a pathologic standpoint, neurothekeomas are
classified into myxoid, mixed and cellular variants,
depending on the percentage of mucopolysaccharide
extracellular matrix present within the tumour [1].

Since Gallanger and Helwing introduced the term neu-
rothekeoma in 1980 [2], there was considerable debate
in the past surrounding the relationship between the
so-called myxoid variant of neurothekeoma and dermal
nerve sheath myxoma [1, 4]. However, it is now clear-
based on clinical, morphologic, immunohistochemistry,
ultrastructural, and gene expression profiles- that they
are different clinicopathological entities [1, 3—5]. How-
ever, the line of differentiation of neurothekeoma is a sub-
ject of debate and its etiopathogenesis is still unknown [1,
3,4, 6-8].
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Rosati et al. [9] were the first to use the term “cellular
neurothekeoma” (CNT). This variant of neurothekeoma
is troublesome to diagnose because of its resemblance to
other dermal tumours and absence of specific immuno-
histochemical or molecular diagnostic markers. Besides,
a subset of CNT can exhibit atypical features, such as
large tumour size, high mitotic rate, atypical mitotic fig-
ures, marked pleomorphism, infiltration of fat and skel-
etal muscle, and vascular invasion [1, 3, 10-22]. These
worrisome features have not been shown to adversely
impact the benign behaviour of CNT. Nonetheless, due
to their rarity, the knowledge about prognosis and rele-
vance of such atypical features might not be fully mature.
Atypical cellular neurothekeomas (ACN) are not exten-
sively represented in literature, which might lead to
under-recognition. Their histologic appearance is wor-
rying and sometimes mistaken for a bona fide malignant
neoplasm, an incertitude that might carry potential ther-
apeutic and prognosis implications for the patient.

Herein we present the clinical, histopathologic, immu-
nohistochemical and molecular features of an ACN har-
bouring a novel heterozygous NFI mutation. We review
the available literature, focusing on the clinical sig-
nificance of atypical features. We search for previously
reported associations with neurofibromatosis and, addi-
tionally, we discuss pertinent differential diagnoses.

Case presentation

Patient’s information and clinical features

A 49-year-old female without relevant personal clinical,
surgical, medication, or family history, presented with a
three-year history of a slow-growing, non-painful nodule
in the lateral aspect of her left arm, first noted in 2020.
The patient referred that the mass originated at a previ-
ous vaccination site of an unknown covid-19 vaccine.

Based on the information contained in the medical
referral form, the physical examination revealed a 2.5 cm,
non-painful mass with intact overlying skin. The ultra-
sound showed a 1.5 cm, solid, round and well-circum-
scribed superficially located mass in the upper third of
the left arm.

In October 2023, the patient underwent an excisional
biopsy. Following an original diagnosis of high-grade
sarcoma, the patient was referred to oncologic surgery
in December 2023 and a review of the original histo-
pathological diagnosis by a soft tissue pathologist was
requested.

Results

Histopathology and immunohistochemistry

According to the original Pathology report, the tissue
obtained by the excisional biopsy revealed a 2.5 cm soft,
glistening, homogeneously white dermal nodule with
intact overlying skin and scant subcutaneous tissue.
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Histologically, the dermal neoplasm was circum-
scribed, non-encapsulated, and was separated from the
non-involved epidermis by a Grenz zone. The subcutis
was also spared (Fig. 1a).

The neoplasm exhibited a multinodular growth pattern,
consisting of tightly disposed, small to medium-sized
nodules, divided by collagen (Fig. 1b). Focally, the mar-
gins of the tumour infiltrated dermal collagen (Fig. 1c).

Most nodules were solid and hypercellular, composed
of plump spindle and epithelioid cells with fairly large
amounts of eosinophilic cytoplasm. The neoplastic cells
were arranged primarily in a random or nested pattern
with strands of hyaline collagen wrapped around either
nests or individual cells (Fig. 1d). Focally, there was an
intersecting or parallel fascicular growth pattern in which
the cells were associated with a varied amount of sclerotic
collagenous extracellular matrix (Fig. le-f). A minority
of the nodules (<10%) had copious myxoid extracellu-
lar matrix and exhibited less cellularity, characterized by
non-cohesive cells in a whorled pattern, displaying simi-
lar cytomorphology (Fig. 2a).

There was widespread nuclear atypia, character-
ized by nuclear enlargement, vesicular chromatin, and
prominent nucleoli. Focal anisokaryosis was observed.
The mitotic count was 9/10 HPF (1IHPF=0.2 mm) and
atypical mitotic figures were present (Fig. 2b-c). Tumour
necrosis was absent. Occasional osteoclast-like giant cells
were present and there were tumour infiltrating lym-
phocytes either individually or in interstitial aggregates
(Fig. 2d).

The main differential diagnoses considered were a cel-
lular neurothekeoma with atypical features and a mela-
nocytic neoplasm. The neoplastic cells were strongly
and diffusely positive for CD63/NKI-C3, NSE, CD10,
and showed patchy positivity for MITE. The immuno-
histochemical profile, albeit unspecific, supported the
morphologic diagnosis of atypical cellular neurotheke-
oma. The cells were also strongly and diffusely positive
for TFE3, showed widespread positivity for ERG with
varied intensity, and were focally and weakly positive for
Cathepsin K. The cells were negative for CKAE1/AE3,
S§100, HMB45, MART1, SMA, desmin, CD34, GFAPD,
MUC4 and ALK. Nuclear staining for INI1 was retained.
The results of immunohistochemistry are shown in Fig. 3;
Table 1.

RNA-based targeted massive parallel sequencing

By RNA-based targeted massive parallel sequencing
(MPS), no clinically significant variants were detected
in the analysed genes. The tumour mutational burden
(TMB) study reported 3.9 mutations/Mb (low TMB) and
stable MSI (4.7% unstable sites).
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Fig. 1 Microscopic appearance of atypical cellular neurothekeoma. (A) Dermal tumour sparing overlaying skin by a “Grenz zone" (H&E; x40 magnifica-
tion). (B) Multinodular growth pattern and biphasic appearance (H&E; x40 magnification). (C) Focally infiltrative margins dissecting dermal collagen (H&E;
x100 magnification). (D) Bright collagen strands separating nests and single tumour cells (H&E; x400 magnification). E-F) Hypercellular nodules showing
fascicular growth pattern of spindled and epithelioid cells in a variably collagenous background (H&E; x100 magnification)
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Fig. 2 Microscopic appearance of atypical cellular neurothekeoma. (A) Myxoid nodules of the tumour (H&E, x40 magnification). (B) Moderate cytologic
atypia, nuclear pleomorphism and increased numbers of mitotic figures (H&E, x400 magnification). (C) Atypical mitotic figures were sporadically present
(H&E, x400 magnification). (D) Interstitial aggregates of lymphocytes (H&E; x100 magnification)

Whole exome sequencing

To further characterize this lesion,
sequencing (WES) of tumour tissue was performed. Clin-
ical WES analysis identified that the tumour was hetero-
zygous for the duplication variant, ¢.4333-2dup, which
lies in the essential splice acceptor site, in intron 32 of
NF1 (data available at the NCBI-SRA accession number
SRR31203095).

whole exome

Follow up and outcomes
The patient was alive and disease-free at last follow-up,
twelve months after the excision.

Discussion and conclusions

Cellular neurothekeomas (CNT) are benign tumours
that can rarely recur locally in a non-destructive fashion
after incomplete excision. No events of metastases have
been documented in literature. In Hornick et al’s series
on CNT [3], 10 out of 69 tumours (14.5%) with avail-
able follow-up information (mean follow-up: 44 months)

recurred once after a mean interval of 18 months. All
the tumours that recurred had been marginally excised
or had intralesional excisions. In Fetsch et al's series [1],
eight out of 71 tumours (11.3%) with complete follow-up
information (median follow-up: 207 months) recurred
between four and 48 months from primary surgery. A
variety of atypical histologic features are known to occur
in cellular neurothekeomas [1, 3, 10—22]. In neither series
did atypical features correlate with recurrence. However,
research focused on the implications of atypical histo-
logic features in ACN is limited, thus the clinical rele-
vance of such characteristics may not be asserted. Despite
there being no known instances of neurothekeoma with
atypical features behaving in a low-grade malignant man-
ner, the possibility cannot be entirely ruled out due to the
rarity of adverse outcomes in similar soft tissue tumours
with low metastatic rates [1]. Importantly, the definitions
of the parameters that characterise a neurothekeoma as
having “atypical features”- such atypia, pleomorphism,



Guardia de la et al. Diagnostic Pathology (2024) 19:151 Page 5 of 9

Al

3
m’\ev}‘.‘,’ A
Nongihy
SN

it

F:’:;

el
PRI
i

Fig. 3 Immunohistochemical features of the tumour. The tumor cells showed strong positivity for (A) CD63/NKI-C3 (x100 magnification), (B) NSE (x100
magnification), (C) MITF (x100 magnification) and (D) CD10 (x100 magnification). They were negative for (E) S100 (x200 magnification and F) MART1 (x200
magnification). Tumor cells were also positive for G) TFE3 (x100 magnification) and H) ERG (x100 magnification)
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Table 1 Methods and results of immunohistochemistry

Antibody Source Dilution/pH/antigen retrieval Detection method Result
CD63/NKI-C3 Ventana/Roche RTU/High pH/97°C/20 min Polymer-based +
MUC4 Vitro Master Diagnostica RTU/High pH/97°C/20 min Polymer-based -

GFAP Ventana/Roche RTU/High pH/100°C/20 min Polymer-based -

MITF Dako/Agilent 1:15/High pH/97°C/20 min Polymer-based +
CD34 Dako/Agilent RTU/High pH/97°C/20 min Polymer-based -

NSE Dako/Agilent RTU/High pH/97°C/20 min Polymer-based +

INI-1 Ventana/Roche RTU/High pH/100°C/20 min Polymer-based Retained
SMA Dako/Agilent RTU/High pH/97°C/20 min Polymer-based -

TFE3 Ventana/Roche RTU/High pH/100°C/20 min Polymer-based +
cD10 Dako/Agilent RTU/High pH/97°C/20 min Polymer-based +

ERG Ventana/Roche RTU/High pH/100°C/20 min SA/Bi +
CKAE1/AE3 Dako/Agilent RTU/High pH/97°C/20 min Polymer-based -
HMB45 Dako/Agilent RTU/High pH/97°C/20 min Polymer-based -
Melan A (A103) Dako/Agilent RTU/High pH/97°C/20 min Polymer-based -
Desmina Dako/Agilent RTU/High pH/97°C/20 min Polymer-based -

S100 Dako/Agilent RTU/High pH/97°C/20 min Polymer-based -
Cathepsin K (CK4) Novocastra RTU/Low pH/ Heat-induced/ 30 min Polymer-based +/-
ALK (CD246) Dako/Agilent RTU/High pH/97°C/20 min Polymer-based -

Ventana Medical Systems, Tucson, United States of America; Vitro S.A., Granada, Spain; Agilent Pathology Solutions, California, United States of America; Novocastra,

Newcastle, United Kingdom; RTU: ready-to-use/prediluted; SA/Bi: streptavidin/biotin method

Table 2 Definition of atypical features in neurothekeomas

Author Atypical features and definitions Outcome*
Pleomorphism/atypia High mitotic rate Large tumour size
Busam et al. 1998 Marked cytologic pleomorphism Not specified >1.0cm 7/7 NED
(N=10) (descriptive) (Mean FU: 27 months)
Fetsch et al. 2007 Generalized moderate or focally >10/25WHPF NC 63/71 NED
(N=178) marked atypia (descriptive) (field area: 0.237 mm2) 8/71 NED ASLR
(Median FU: 207 months)
Hornick et al. 2007 Pleomorphism (descriptive) >5/10 HPF >20cm 59/69 NED
N=73) (field area: 0.25 mm?2) 10/ 69 NED ASLR

(Mean FU: 44 months)

N: Number of cases; NC: not considered; HPF: high power field; WHPF: wide high—power field; NED: No evidence of disease; NED ASLR: No evidence of disease after
single local recurrence; FU: follow—up. * Denominators refer to number of patients with available follow—up

size and mitotic count- are heterogeneous and subjective
across the literature (Table 2).

Other worrisome findings seldom described in neu-
rothekeomas are intravascular invasion [3, 10], neu-
rotropism [3, 18, 22], atypical mitosis [1, 3, 20-22], and
necrosis [11, 15]. Additionally, although infiltration to
subcutis is considered an atypical feature, its relatively
common appearance ranging from 25 to 67% in the larger
series [1, 3, 10] might even suggest that subcutaneous
involvement may be typical for neurothekeoma.

Beyond the considerations above, the widespread
atypia, the high mitotic count (9/10 HPF) including atyp-
ical ones and the relatively large size (2.5 cm) of the case
presented here, renders this neurothekeoma “atypical”
based on the definitions proposed.

Clinically, the patient was older than the mean age
of presentation of this neoplasm, although a wide age
range has been described in the largest series of neu-
rothekeoma [1, 3, 22]. The case presented here arose at

a previous vaccination site for an unspecified COVID-19
vaccine after an unknown interval of time. To the best of
our knowledge, there are no reports of benign soft tissue
tumours arising after COVID-19 vaccination in literature.
However, there is one case of an undifferentiated pleo-
morphic sarcoma originating at the vaccination site of
a second dose of Moderna COVID-19 vaccine [23], and
two cases of Kaposi sarcoma following second and third
doses of Modena and AstraZeneca vaccines [24, 25]. The
latter were reactivations of pre-existing Kaposi sarcoma
at sites distant from the COVID-19 vaccine administra-
tion. The mechanisms involved are unknown [26]. These
cases are very rare, and more research is needed to con-
fidently stablish a potential connection of those reports
with COVID-19 vaccines.

Our finding of a novel heterozygous NFI c.4333-2dup
adds to the sparse literature addressing genetic altera-
tions in neurothekeomas. Previously, Yin Cheng et al.
reported aberrant immunohistochemical expression
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of TFE3 in four neurothekeoma cases that lacked TFE3
gene translocations or amplifications by fluorescent in
situ hybridization [27]. Similarly, our case showed strong
and diffuse immunohistochemical nuclear expression of
TFE3 despite the absence of single nucleotide variants
(SNV) or gene rearrangements.

By MPS of a neurothekeoma in a 53-year-old man,
Ortega et al. [28]. identified point mutations in the onco-
genes PI3K w552, ALK P1469S, SMO G461S and ERBB3
L77M. These mutations were absent in the current case,
as determined by RNA targeted MPS and whole exome
sequencing.

Using in silico splice prediction tools (ASSP and
NNSPLICE), it is suggested that NFI c.4333-2dup variant
might affect splicing by causing the loss of a constitutive
splice site and the introduction of a new splice site. This
alteration could lead to a frameshift and consequent pre-
mature termination of the protein, resulting in loss-of-
function. This variant has not been previously reported in
the literature in individuals affected with neurofibroma-
tosis type 1 and it is not present in the population data-
base (gnomAD). The patient presented here did not have
personal or family history of neurofibromatosis type 1,
nor did she exhibit the clinical characteristics outlined by
The National Institutes of Health diagnostic criteria for
this syndrome [29]. Neurothekeomas are not in the spec-
trum of benign tumours associated with neurofibroma-
tosis type 1 and acquired somatic mutations in NFI are
reported in many human neoplasms [29]. Interestingly,
though, in the series of 178 cases of neurothekeomas by
Fetsch et al., one patient was suspected to have neuro-
fibromatosis type 1 due to a history of multiple cutane-
ous lesions since early childhood. Upon review, three of
these lesions had histologic features of neurothekeomas,
whereas others were neurofibromas [1].

The NF1 gene encodes neurofibromin, which is ubiq-
uitously expressed with the highest levels found in cells
of the central nervous system. Neurofibromin is a mul-
tidomain molecule with tumour suppressor functions.
This is achieved mainly through the GAP-related domain
(GRD), which stimulates the conversion of metabolically
active Ras-GTP to the inactive guanosine diphosphate-
bound form with the consequent suppression of the acti-
vation of downstream effectors of the RAF/MAPK and
PI3K/AKT signalling pathways, involved in growth con-
trol, cellular proliferation and survival. Neurofibromin’s
tumour suppressor activity is postulated to be exerted
through several other less-understood intracellular pro-
cesses [30, 31].

Loss-of-function variants in NF1 are known to be
pathogenic [32, 33], but the role of this finding in neu-
rothekeoma could not be ascertained without further
research in the relatively unexplored area of neurotheke-
oma pathogenesis.
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The immunohistochemical profile of CNT is nonspe-
cific, but a panel of antibodies is useful to rule out entities
in the differential diagnosis, primarily melanocytic neo-
plasms (melanoma, Spitz naevus), dermal nerve sheath
myxoma (DNSM), plexiform fibrohistiocytic tumour and
cutaneous myoepithelial tumour.

Although dermal-based and lacking an epidermal or
junctional component, melanocytic neoplasms enter
the differential diagnosis of CNT. However, the lack
of immunoreactivity for S100, HMB45, and MART]I,
despite unspecific immunoreactivity for MITF, NSE, and
CD63/NKI-C3, rules out diagnostic possibilities within
the melanocytic line of differentiation. To be noted,
PRAME has been shown to be variably expressed in a
recent series of cases of neurothekeomas [34].

In contrast to CNT, DNSM typically arises in the distal
extremities. Although both tumours share a multinodular
growth pattern and exhibit myxoid extracellular stroma,
the absence of immunoreactivity for S100 and GFAP con-
fidently excludes DNSM.

Plexiform fibrohistiocytic tumour (PFT) is located
deeper in the dermis compared to CNT, typically at the
dermal-subcutaneous junction. Unlike the well-circum-
scribed borders of CNT, PFT is widely infiltrative. It is
biphasic, with histiocytoid cells, osteoclast-like giant
cells, and myofibroblastic spindle cells expressing SMA.

Cutaneous myoepithelial tumours may share the cir-
cumscription, lobulated architecture, and myxoid stroma
of CNT. While in general, they are cytologically bland,
some cases exhibit severe atypia and brisk mitotic activ-
ity (Myoepithelial carcinoma) [35]. These tumours are
positive for cytokeratin and/or EMA, with most also
expressing S100, GFAP, p63, and myogenic markers.
Additionally, a subset carries FET protein family gene
rearrangements (EWSR1/FUS) with various fusion part-
ners, aiding diagnosis.

Approximately a fifth of CNT are mistakenly diagnosed
as malignant neoplasms [1]. When the clinical informa-
tion is limited or the diagnosis is based solely on incom-
plete histologic characteristics, certain features in ACN
may prompt the pathologists to rule out sarcomas such as
sclerosing epithelioid fibrosarcoma, epithelioid sarcoma,
epithelioid haemangioendothelioma, atypical fibroxan-
thoma or pleomorphic dermal sarcoma.

CNT may show extracellular hyaline collagen, with
bright collagen strands wrapping around epithelioid cells,
feature that might resemble sclerosing epithelioid fibro-
sarcoma (SEF). SEF occurs in older individuals and is
deep-seated. When clinical and imaging data are incom-
plete, MUC4 negativity confidently rules out SEF.

The epithelioid cytomorphology of CNT might warrant
differentiation from a superficially located classic epithe-
lioid sarcoma (ES), which typically affects acral extremi-
ties and exhibits granulomatous nodules of epithelioid
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and spindled cells. ES shows INI1 loss, and immunoreac-
tivity with epithelial markers and CD34 which are absent
in CNT.

Without complete clinical and gross information, epi-
thelioid cytomorphology, myxoid stroma, diffuse nuclear
TFE3 immunoreactivity, and ERG positivity as shown by
our case, may suggest epithelioid haemangioendothe-
lioma (EHE). TFE3 overexpression is characteristic of
YAP1-TFE3 EHE, which lacks myxoid stroma, but can
also occur in EHE with WWTR1-CAMTA1 fusions [36,
37]. Positivity for MITE, NSE, and CD63/NKI-C3, along
with the absence of cytoplasmic vacuolation and immu-
noreactivity for epithelial markers, help differentiate
CNT from EHE.

In cases with marked pleomorphism, atypical fibroxan-
thoma or pleomorphic dermal sarcoma might be consid-
ered, but these usually affect sun-damaged skin in elderly
patients. Immunohistochemistry is of limited use for dif-
ferentiation, as atypical fibroxanthoma can also be posi-
tive for NKI-C3.

Importantly, the widespread and marked nuclear
atypia and high mitotic rate in the presented neoplasm,
coupled with epithelioid cytomorphology and focal
myxoid stroma makes it extremely challenging to dif-
ferentiate ACN from a myxoid sarcoma with epithelioid
features. Although these features mimic those seen in the
epithelioid subtype of myxofibrosarcoma, making this
distinction particularly difficult, the latter is distinctly
infiltrative, and it contains the hallmark curvilinear ves-
sels with perivascular condensation which are absent in
ACN.

The case presented does not exhibit histological fea-
tures characteristic of a malignant peripheral nerve
sheath tumour (MPNST), yet this may remain a diag-
nostic possibility due to the inactivating NF1 mutation
found. Nevertheless, as determined by RNA targeted
MPS and whole exome sequencing, this tumour did not
harbour inactivating mutations in SUZ12 or CDKN2A/B,
which are frequently and concurrently found with neu-
rofibromin inactivating mutations in NF1-associated
MPNST [38, 39].

In summary, the identification of a novel heterozygous
NF1 c.4333-2dup variant might contribute to our under-
standing of genetic alterations in neurothekeomas, which
is currently limited. Despite its potential implications,
research is needed to validate this finding and potentially
understand its functional impact and role in neurotheke-
oma pathogenesis. Such research could ultimately help
refine the diagnosis of ACN, which currently relies on a
panel of non-specific immunohistochemical markers,
improve recognition and avoid misdiagnosis with malig-
nant tumours.

Abbreviations
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F M ratio: female: male ratio

CNT cellular neurothekeoma

ACN atypical cellular neurothekeoma
MPS massive parallel sequencing

T™MB tumour mutational burden

MSI microsatellite instability

WES whole exome sequencing

HPF high power field

WHPF wide high-power field

SNV single nucleotide variants

GRD GAP-related domain

GTP guanosine-5"- triphosphate

DNSM dermal nerve sheath myxoma

PFT Plexiform fibrohistiocytic tumour
SEF sclerosing epithelioid fibrosarcoma
ES epithelioid sarcoma

EHE epithelioid haemangioendothelioma
MPNST  malignant peripheral nerve sheath tumour
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