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Abstract

Purpose Peripheral nerve sheath tumors (PNSTs) are rare in pediatric patients, especially in the brachial plexus. Research on
PNSTs is lacking. This article presents a retrospective cohort study of pediatric patients diagnosed and treated with PNSTs,
specifically brachial plexus tumors.

Methods All pediatric patients intervened in a single center between 2007 and 2023 with brachial plexus tumors were
systemically analyzed.

Results Eleven pediatric patients with 14 brachial plexus PNSTs were studied. The gender distribution was 64% female and
36% male, with an average age of 10.7 years. Ninety-one percent had a previous NF-1 diagnosis. Right brachial plexus pre-
sented a higher prevalence (64%). Pain, Tinel’s sign, and stiffness masses were common during diagnosis. Motor deficits were
noted in 43% of the patients. Surgery was indicated for symptoms, particularly pain and rapid growth, increasing malignancy
risk. Due to suspected malignancy, an en bloc resection with safety margins was performed. Among the patients, 57% received
a histopathological diagnosis of MPNST (malignant peripheral nerve sheath tumor). Treatment included radiotherapy and
chemotherapy. Clinical follow-up was conducted for all cases, involving clinical and oncological evaluations for all MPNSTs.
Conclusions This article present a series of pediatric brachial plexus tumors, especially in NF-1, and emphasizes the impor-
tance of thorough evaluation for this group. Swift diagnosis is crucial in pediatrics, enabling successful surgery for small
lesions with limited neurological symptoms, improving long-term outcomes. Prompt referral to specialized services is urged
for suspected masses, irrespective of neurological symptoms. Benign tumor postsurgical progression shows better outcomes
than MPNSTs, with complete resection as the primary goal. Needle-guided biopsy is not recommended.
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Abbreviations GH Growth hormone

PNST Peripheral nerve sheath tumors MAPK Mitogen-activated protein kinase
BP Brachial plexus MRI Magnetic resonance imaging
BPTs Brachial plexus tumors STIR Short T1 inversion recovery

PAS Pain assessment scale STS Soft tissue sarcomas

BPNSTs Benignant tumors of the nerve sheath SUV Standardized uptake value
MPNSTs Malignant tumors of the nerve sheath

PP Pediatric population

NF-1 Neurofibromatosis type 1 Introduction

NF-2 Neurofibromatosis type 2

NRSTS  Nonrhabdomyosarcoma soft tissue sarcoma Peripheral nerve sheath tumors (PNSTs) are exceedingly

rare, especially in the pediatric population (PP), often asso-
ciated with specific genetic syndromes like neurofibromato-
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syndromes, are linked to these tumors, comprehensive
research on BPTs in the PP is lacking [2-9].

PNSTs are classified as benign or malignant, neurogenic
being the most common type. Common types include neu-
rofibromas, schwannomas, and malignant nerve sheath
tumors (MPNSTSs) [4]. Neurofibromas (NFs), the most
prevalent benign PNSTs, constitute a significant portion of
neurogenic genetic tumors, with NF-1 being the dominant
hereditary syndrome. Approximately 30% of NF cases are
associated with NF-1, which has a prevalence of 0.0003% in
the PP [1, 10-13]. NFs exhibit variations as cutaneous, sub-
cutaneous, spinal, or plexiform types. Plexiform NFs, often
linked to NF-1, present complexities due to intraneural NF
conglomerate patterns, increasing the risk of sarcomatous
degeneration and increasing the relative risk for MPNSTs
[1, 5, 14, 15]. Schwannomas constitute 5% of pediatric neu-
rogenic tumors. Confirmed schwannoma cases necessitate
assessment for syndromes like NF-2 mutation, schwannoma-
tosis, and Carney complex. Originating from a nerve root or
fascicle, schwannomas exhibit an eccentric growth pattern
displacing unaffected fascicles [1, 10, 16].

The incidence of MPNSTs is extremely low in the gen-
eral population (0.001%), but the risk increases to 2-29%
in patients with a history of NF-1, with an estimated life-
time risk of 10% [17, 18]. The greatest impact occurs in the
postpubertal phase, typically involving proximal extremities,
torso, and the cervical region. Although most occurrences
are localized, there are instances of metastases to regional
lymph nodes and distant metastases [19].

Considering the association between PNSTs and genetic
conditions, this study retrospectively examined a cohort of
pediatric patients exclusively diagnosed with brachial plexus
PNSTs. Remarkably, 91% of patients in this cohort already
had NF-1 at PNST diagnosis. Investigating the correlation
between this pathology and genetic syndromes aims to opti-
mize treatment strategies [1].

Methods

The study focused on pediatric cases with BPTs treated at
the Neurosurgery Division of Gaffrée and Guinle Univer-
sity Hospital of Federal University of Rio de Janeiro State
(UNIRIO), Brazil, from 2007 to 2023. A total of 11 patients
were identified, 14 of whom were surgically treated.

The clinical data were obtained from medical records and
included gender, age, family history, neurologic symptoms,
physical examination, location of the tumor, MRI findings,
preoperative biopsy, surgical data, postoperative results, sec-
ondary treatments (radiotherapy or chemotherapy), compli-
cations, tumor growth, histopathologic results, and clinical
outcomes (Table 1).
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In three cases, double surgery was needed; patient #2 had
a spread of 8 years between the first surgery and contralateral
in the second. Patient #4 underwent a second surgery on the
same side that same year later. For patient #10, 11 months
later, a recurrent lesion was observed at the same surgical
site, despite the completion of chemotherapy cycles.

All patients, except for patient #11, underwent gross total
resection using microsurgical techniques. Patient #11 had a
partial excision due to BP extension. The middle cord was
excised with appropriate safety margins. Electrophysiologi-
cal studies were conducted for presurgical planning in some
patients, as it is a difficult exam to perform in children, and
intraoperative nerve stimulation was used in all patients,
aiding in the precise localization of functional and non-
functional tumor regions.

Postsurgical outcomes for BPNST cases revealed no
motor deficits, whereas for a few patients, mild postoperative
motor deficits were observed. Clinical follow-up was carried
out every month for the first 6 months and subsequently
every 3 months, in BPNSTs. For MPNSTs, follow-up was
monthly during the first 12 months after surgery via clinical
and pediatric oncology, radiotherapy, or/and chemotherapy.

Results

A total of 11 patients with 14 PNSTs were investigated.
The mean age was 10.7 years (range 2—17 years). Regard-
ing sex, 64% of the tumors occurred in females (9/14), and
36% occurred in males (5/14). Forty-four percent (4/9) of
the females presented a histological diagnosis of MPNST
(patient #4 tumor recurred and evolved into a malignant
lesion).

The majority of patients (91%) received a diagnosis of
NF-1, except for patient #10. Upon subsequent histopatho-
logical analysis, eight out of the 14 tumors (57%) were iden-
tified as MPNSTs.

All patients experienced moderate to intense pain that
affected the upper limb. Clinical assessment was conducted
using the Pain Assessment Scale (PAS), with scores ranging
from 5 to 9 points. The primary features exhibited included
nocturnal pain, leading to disruptions in a child’s sleep due
to its intensity, and persistent pain throughout the day. For
specific cases where quantifying pain was challenging,
the Wong-Baker Faces scale was utilized as an alternative
method.

Six patients (43%) presented an associated motor deficit;
patients #1 and #2 (right tumor) presented a motor deficit
of M2; patient #9, with M3; and patients #4, #10, and #11,
with M4 (highlighting that patients #4 and #10 underwent
a second surgery at the same site). The remaining patients
did not present any motor deficits at the time of diagnosis.
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Presurgically, Tinel’s sign and a stiff mass were diag-
nosed. Among the tumors, 11 had Tinel’s sign-positive
tumors (79%), while a stiff mass was observed in nine
tumors (64%), as a hard lesion is difficult to mobilize, intri-
cate to palpate, and painful.

A higher incidence was evident within the right brachial
plexus, accounting for 64% (9/14) of the occurrences. Within
this subset, 89% (8/9) of the patients were at the supracla-
vicular level, while the remaining 11% (1/9) were located
infraclavicular. According to the histopathological analysis,
56% (5/9) of the tumors were classified as BPNSTs, while
44% (4/9) were diagnosed as MPNSTs. In each patient, an
association with NF-1 was evident.

According to the histopathological examinations, six sur-
gical tumor samples were diagnosed as NF without signs of
atypia. Notably, patients #4 and #10 experienced recurrences
on the same side as the initial occurrence, with subsequent
diagnoses of MPNSTSs. In patient #10, this recurrence was
verified through imaging studies and manifested as a palpa-
ble painful mass. Surgical resection was performed, during
which the lesion was comprehensively removed. This pro-
cedure encompassed a 1-cm distal resection of the involved
nerve segment and a 2-cm proximal resection.

Among the patients, only patient #8 had a plexiform neu-
rofibroma in histopathological study. Patients #1, #5, #9,
#10, and #11 received direct histopathological diagnosis
of MPNST. In Patient #10, following several pathological
revisions, a final diagnosis of malignant extrarenal rhab-
doid tumor was established, after second surgery. Patients
with MPNST, at diagnosis, had large tumors, leading to
increased nerve involvement, suggesting a poorer long-term
prognosis. However, early diagnosis and treatment improved
outcomes. Each MPNST patient underwent radiotherapy and
chemotherapy under oncology specialists’ care. Notably,
86% of MPNST patients had concurrent lung metastases,
showing a significant correlation.

Postsurgery, pain symptoms notably improved, with
values consistently below 2 on PAS.

Discussion

Regarding the low incidence of PNSTs in the PP, this study
included 14 operated PNSTs located at the BP in 11 patients.
The current paper represents the most extensive surgical
database analysis within the literature on pediatric BPTs [5,
7, 13, 20]. While Kline et al. conducted a comprehensive
study on peripheral nerve tumors in adults and PPs, their
focus did not extend to children or the BP region, as in this
article, particularly in NF-1 patients [8]. Similarly, Constine
et al. conducted a substantial investigation exclusively
in children within a diverse PP cohort but did not detect
BPTs [6].

In NF-1-related PNSTs in the PP, females exhibited a
greater occurrence rate (64%), with no conclusive genetic
link to sex predisposition established. Hormonal factors,
like GH receptors, related to tumor size and growth during
adolescence and pregnancy have been explored but are not
linked to genetic factors associated with sex [21].

Clinical evaluation is crucial in identifying PNSTs, with
common signs including lumps along nerve paths, sen-
sory deficits, muscle weakness, atrophy, and local pain.
Pediatric symptoms often manifest as behavioral changes,
while “silent PNSTs” present as growing palpable masses.
Our patients predominantly experienced pain, with 79%
showing Tinel’s sign and 64% having rigid masses. Six
patients had motor deficits, assessed with the MRC scale.
Painful palpable masses with a positive Tinel sign were
most prevalent, mirroring adult findings with motor and
sensory deficits [2, 5, 20]. In pediatric cases, intense pain
is a critical symptom indicating a potential tumor. Imag-
ing studies are essential for determining tumor type and
location [20].

Preoperative electrophysiological studies like ENMG
(electroneuromyography) are not routinely used due to
their limited impact compared to MRI [7, 20]. They gener-
ally do not provide additional clinical or imaging insights,
nor do they influence surgical decisions. ENMGs may only
yield some modification in nerve distribution and denerva-
tion, mainly related to MPNSTs. In PP, ENMGs face limi-
tations due to invasiveness and sedation, especially in neo-
nates [22]. However, intraoperative electrophysiological
monitoring is crucial during surgery to assess the extent of
nerve injury and tumor-related nerve fascicle involvement,
reducing the risk of additional damage. It also aids postop-
erative follow-up to assess potential injuries and recovery.

Preoperative imaging studies like ultrasound can only
define injury type, but its usage is diminishing due to the evo-
lution of other more precise diagnostic methods [5] (Fig. 1).

MRI is the optimal imaging method for diagnos-
ing PNSTs and assessing their relationship with nearby
structures, though it is not ideal for distinguishing benign
from malignant tumors (Fig. 2). Histopathological stud-
ies are the gold standard for determining tumor nature.
Short T1 inversion recovery (STIR) sequences effectively
characterize tumors, differentiating them from soft tis-
sues. Contrast-enhanced sequences distinguish BPNSTs
from MPNSTs, revealing non-homogeneous contrast
enhancement, irregular margins, infiltrative features,
bone destruction, necrosis, and hemorrhage in the latter.
On T2, MPNSTs appear hyperintense compared to muscle
and lack common target signs [7, 23]. Wasa et al. empha-
sized key imaging factors for distinguishing BPNSTs from
MPNSTs: increased mass size, enhancement patterns,
peripheral edema-like features, and intratumoral cystic
lesions [24]. If two or more factors suggest malignancy, a

@ Springer
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Fig.1 Ultrasound image corresponding to a 3-year-old patient
(patient #10), who was diagnosed with a malignant extrarenal
rhabdoid tumor (MPNST). Image A, hypoechoic in appearance,
1.3x 1.1 cm (white arrow) with edema in the underlying subcutane-
ous tissue. Image B, performed three months later, shows posterior

acoustic enhancement of similar characteristics with peripheral vas-
cularization and an increase in the size of 2.3%x1.5% 1.5 cm (white
arrow). Nerve fascicles can be observed at the periphery of the tumor,
a feature characteristic of BPNSTs, though it appears in an MPNST

Fig.2 Patient #10, MRI of an MPSNT. Images A, B, and C present
axial slices of the left cervical and shoulder regions, captured using
T1, T2, and T2 fat saturation sequences, respectively. These images
reveal an expansive, solid, oval, fusiform lesion with well-defined

histopathological study is recommended. If only one fac-
tor is present, the risk—benefit of surgical resection should
be evaluated.

Ultrasound and MRI can suggest a BPNST, necessitating
correlation with symptoms and histopathological confirma-
tion to determine if the lesion is benign.

Beyond Wasa et al. criteria, this study proposes an addi-
tional consideration: tumor size. BPNSTs typically range
from 3.4 to 5.5 cm, while MPNSTs tend to be larger, with a
mean size of 7.2 to 10 cm [1].

PET studies are restricted to high-risk MRI-identified
patients, due to cost and complexity, as whole-body evalu-
ation of metastases, often near the lungs due to BP, are
available (Fig. 3) [2, 6, 17, 19]. Its advantage lies in deter-
mining the SUV, gauging malignancy, disease progres-
sion, and prognosis more specifically than histopathology.

@ Springer

edges. The lesion appears hyperintense on T2 (white thin arrow)
and hypointense on Tl(asterisk). Its size was 3.6X2.7x2.5 cm
(LXTxAP). Importantly, no signs of infiltration into the surrounding
tissue were observed

An SUV over 3 predicts 94% accurate premature death
within 36 months [25, 26]. Studies explored combined
FDG PET and MRI, with Derlin et al. finding both differ-
entiate PNSTs, though PET/CT is more sensitive. Higher
SUV, intratumoral FDG activity, and poorly defined mar-
gins on MRI associated with MPNST [27]. Spinner et al.
suggested managing PNSTs with an SUVmax under 4.3
as BPNSTs, reserving surgery for symptomatic lesions.
SUVmax 4.3-8.1 lesions should undergo MRI due to few
false-positive MRI results. Due to SUV measurement vari-
ability, some opt for a 3.5 SUV max threshold. Lesions
with SUVmax above 8.1 need biopsy, focusing on the most
FDG-avid mass area. For high SUVmax or symptomatic
BPNSTs, MRI defines nerve involvement and tumor rela-
tionship for safe biopsy/resection, usually advised [28].
It is pertinent to underscore that while this information
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Fig.3 ['®F] FDG-PET/CT study corresponding to a patient #10,
postoperative control and staging. Surgical manipulation in the left
axillary region was indicated by the presence of a seroma/collec-
tion 25x17x 17 mm (inflammatory/postsurgical etiology). No signs
of tumor remnants were observed in the region of the left brachial
plexus. Glycolytic hypermetabolism in right lung opacities, with
suspicion of secondary implants. Similarly, cervical hypermetabolic
nodal findings (levels IV and V), as well as findings in the left axil-
lary/retropectoral and mediastinal hilars findings, can be considered
indicative of susceptibility to secondary implants

holds significance, the majority of studies have primarily
centered on adults, resulting in limited findings for the PP.

Given suspected malignancy and potential vascular
involvement, presurgical evaluation may require a CT angi-
ography with vascular reconstruction. In cases of extensive
tumor extension toward adjacent structures, our team sug-
gested broad resection of involved nerve structures, followed
by posthistopathological radiotherapy or chemotherapy.

In NF1 cases, an interdisciplinary assessment precedes
surgery, especially for rapidly growing and painful cases;
targeting to minimize malignancy risk through complete
resection, proven to increase life expectancy and reduce
recurrence [5, 18]. Selective pharmacological treatments
are crucial for symptomatic NF-1 patients with inoperable

plexiform neurofibromas. Selumetinib, an FDA-approved
oral medication for inviduals aged 2 and older, inhibits
MAPK kinases (MEK) 1 and 2, which is pivotal in NF-1
development. Evidence indicates Selumetinib’s benefits:
pain relief, improved appearance, and enhanced function.
This NF-1 pharmacotherapy, in early stages, holds potential
positive outcomes [29, 30].

Zipfel et al. underscore the significance of early surgi-
cal resection in the PP according to our criteria: notable
growth, pain, motor issues, or suspected malignancy based
on clinical/imagining data [5]. This finding prompted a
surgical approach for treating PNSTs. In BPNST patients,
the approach closely mirrors adult protocols. Schuhmann
et al. performed intracapsular tumor resection, using a nerve
stimulator and magnification (microscope/loops) to ensure
nerve fascicle—free capsule segments (Figs. 4 and 5) [1, 5,
31]. Large tumors or specific NF cases may leave residual
tumors to avoid a major deficit. In these cases, a nerve graft
is not necessary if good microsurgical criteria are applied.

MPNSTs require a major surgical approach: wide inci-
sions, which allow for larger resections, en bloc resection
of the nerve, and resection of the tumor lesion with tumor-
free margins (3 cm if possible). In these cases, the risk/ben-
efit of resection should be agreed upon with the patient’s
tutors due to the risk of a major motor and sensory injury.
Unlike for BPNSTs, intracapsular resection is not usually
performed due to the risk of dissemination and contamina-
tion with malignant cells in the surgical field and the risk of
worsening clinical and oncological status [5, 7, 17, 20, 32].

When dealing with tumors in isolated nerves or those
unrelated to the BP, their removal may require excising the
nerve itself. However, addressing an MPNST associated
with the BP requires meticulous evaluation for potential
same-surgery resection due to risks associated with both
tumor removal and compromised surrounding nerves and
structures, as highlighted by Kline et al. [5]. In such cases,
the prospect of significant postoperative morbidity looms,
impacting both pediatric and adult populations.

This emphasizes the need for a reliable diagnosis before
surgically removing a PNST to prevent unnecessary upper
limb motor function loss. It suggests that MPNSTs from
a plexus could initially be treated with en bloc resection
of their nerve of origin, sparing not entirely encompassed
nerves. This approach, as evidenced by recent studies, has
the potential to obviate the necessity for amputation, which
has been observed in certain cases. These findings suggest
promising prospects for children to not only survive but also
thrive well beyond the conventional 5- to 10-year time frame
[32, 33].

Specialized histopathologist expertise is vital. From
a histopathological perspective, MPNSTs may resemble
various tumor types, particularly epithelioid, synovial sar-
coma, and rhabdoid tumors. Shared features include lobular

@ Springer
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Fig.4 Surgical case of an
11-year-old female with a his-
tory of NF-1 affecting the right
brachial plexus. The patient had
been experiencing a palpable
mass for the past 5 years, which
led to her being referred to the
hospital due to intense pain
(patient #3). A Patient in the
dorsal decubitus surgical posi-
tion, with a slight inclination of
the cervical region toward the
contralateral side, supported by
the interscapular area. Notably,
multiple café-au-lait spots were
visible in the supra and infra-
clavicular regions, as well as on
the right upper limb. B, C Visu-
alization of the supraclavicular
surgical approach, where the
tumor lesion can be observed
(white arrow). D The results of
the histopathological study con-
firming the compatibility with a
typical neurofibroma

Fig.5 Surgical images of a
16-year-old female patient with
a history of neurofibromatosis
type 1 (NF-1) presenting with

a painful palpable mass in the
right infraclavicular brachial
plexus. (patient #6). A Surgical
positioning and preoperative
markings at the right supra-
clavicular and infraclavicular
levels. B Exposure of the tumor
mass (asterisk) revealing a
well-defined, lobulated mass
integrated with the nervous
structures of the infraclavicular
brachial plexus. C, D Complete
excision of the lesion with pres-
ervation of the adjacent nervous
structures
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arrangement, epithelioid morphology, prominent nucleoli,
myxoid stroma, and rhabdoid cells. Crucially, assessing
S100 and/or GFAP expression is vital; notably, S100 is
the most reliable MPNST marker, with a 50% positivity
rate [34].

Epithelioid MPNSTs often show nerve origins and focal
spindle cells, aligning with typical malignant patterns.
Immunohistochemistry usually detects widespread S100
positivity and occasional epithelial. Conversely, malignant
extrarenal rhabdoid tumors, often aggressive and high grade,
may mimic MPNSTSs, especially in children. They can occur
in renal or extrarenal sites and are distinguished by INT1
(SMARCB1) gene loss. Patient #10’s case underscores
diagnostic challenges, initially diagnosed with epithelioid
MPNST and later with a malignant extrarenal rhabdoid
tumor. This emphasizes the need for thorough histopatho-
logical evaluation and molecular marker consideration for
accurate diagnosis and management [34—-36].

In patients with uncertain histopathological diagnoses,
like patient #10, FoundationOne CDx provides advanced
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genomic profiling. This technique analyses tumoral tis-
sue for genetic mutations, enhancing the understanding of
tumor growth and progression, offering tailored therapies
and personalized clinical trial options. FoundationOne CDx
is reserved for specific cases guiding the most suitable treat-
ment [37, 38].

According to our research, resection surpasses open
biopsy for overall survival, consistent with findings in the
adult literature [33]. Needle biopsies should be avoided due
to the risk of damaging fascicles, causing pain or motor/
sensory deficits, and potential inadequate sampling for accu-
rate diagnosis [39]. In terms of prognosis and treatment,
patients undergoing surgery had better long-term outcomes
than those with only needle biopsies [33]. Notably, BPNSTSs
had better clinical outcomes than MPNSTs, who required
adjuvant postsurgical treatments but still had lower survival
rates.

A systemized approach to diagnosing and treating bra-
chial plexus PNSTs in children is crucial for positive out-
comes (i.e., flowchart in Fig. 6).

— no — PRI non-tumoral/

neurological pathology

MRI two or three
months after
surgery in partial
resections
(ex. plexiform

Follow up monthly

the first year after

surgery + clinical
and pediatric
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Otherwise, open surgical biopsy

Histopathological

study

Ly Complete —>
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*Radiotherapy or chemotherapy is indicated as adjunctive postoperative treatment in tumors with partial resection or in MPNSTS, t6 provide iocal control and delay the onset of recurrence

Fig.6 Flowchart for the diagnosis and treatment of PNSTs in children at the brachial plexus
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The postoperative outcomes for BPNSTs are generally
favorable, with complete surgical resection leading to good
recovery; minor motor or sensory deficits countered with
rehabilitation. MPNSTs pose a higher risk of neurological
deficits postresection.

Postoperative imaging is selectively necessary for
BPNSTSs, primarily in cases of partial resection. Especially,
plexiform NFs may require follow-up MRI 3 months post-
surgery to detect residual tumors that could lead to recur-
rence or malignant transformation.

For MPNSTs, postoperative radiotherapy (RT) or chemo-
therapy (QT) is recommended. RT improves local control
but does not significantly impact overall survival. The radia-
tion dosage adheres to adult soft tissue sarcoma guidelines,
with preoperative RT in adults aiming to reduce fibrosis and
enhance limb function, albeit with higher postoperative com-
plication rates. Children receive lower irradiation doses to
minimize growth-related side effects [32, 40—-42]. Balanc-
ing the benefits and potential side effects of RT is crucial in
MPNST treatment.

One rare postoperative complication is the occurrence
of a lymphatic fistula, as observed in isolated cases, often
related to axillary or thoracic surgeries [43].

Pediatric survival rates are generally more favorable.
However, those associated with syndromic conditions tend
to have worse prognoses. Surgical procedures involving
major nerves, plexuses, or nerve roots carry a higher risk of
morbidity [42, 44].

Conclusions

Prompt referral is vital for PNSTs patients with pain, growth,
significant size, activity limitations, or NF-1 history. Early
diagnosis is crucial, where even asymptomatic lesions ben-
efit from surgery. Defining clinical symptoms, especially
pain, and using imaging studies, though not always defini-
tive, guide diagnosis in most cases.

BPNST: typically have favorable postsurgical outcomes,
while MPNSTSs require close monitoring and additional
treatments. Needle-guided biopsy is discouraged due to low
efficacy and risk; image-guided biopsy may be considered.
Complete surgical resection is paramount, particularly in
high-risk scenarios. Involving an experienced pathologist
in PNSTs and sarcomas is essential.

This paper offers a comprehensive analysis of pediat-
ric BPTs, outlining an efficient diagnostic and treatment
flowchart.
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