
Interventional Radiology-Guided Procedures in the
Treatment of Pediatric Solid Tumors: A Systematic
Review and Meta-Analysis
Elisa Zambaiti1 Alexander Siles Hinojosa2 Valentina Montano3 Annika Mutanen4

Mathilde Glenisson5 Sabine Sarnacki6 Stephanie Franchi Abella7 Daniele Pariente7 Luca Pio6

1Department of Women’s and Children’s Health, Pediatric Surgery,
Universita degli Studi di Padova Dipartimento di Medicina, Padova,
Italy

2Pediatric Surgery Department, Miguel Servet University Hospital,
Zaragoza, Spain

3Depatment Pediatric Surgery, Fondazione IRCCS Ca' Granda
Ospedale Maggiore Policlinico, Milan, Italy

4Division of General and Thoracic Surgery, Hospital for Sick Children,
Toronto, Ontario, Canada

5Department of Pediatric Surgery and Urology, Robert Debré
Hospital, Assistance Publique-Hôpitaux de Pari (AP-HP), Paris, France

6Hôpital Necker-Enfants Malades, Assistance Publique-Hôpitaux de
Paris, Department of Pediatric Surgery and Urology, Descartes
University, Université de Paris, Paris, France

7Pediatric Radiology Department, Assistance Publique-Hôpitaux de
Pari (AP-HP), Bicêtre Hospital, Le Kremlin-Bicêtre, France

Eur J Pediatr Surg 2020;30:317–325.

Address for correspondence Luca Pio, MD, Paris Descartes University,
Université de Paris, Hôpital Necker-Enfants Malades, Assistance
Publique-Hôpitaux de Paris, Department of Pediatric Surgery and
Urology, 149 rue de Sèvres, 75015, Paris, France
(e-mail: lucakeats@hotmail.it).

Keywords

► interventional
radiology

► pediatric surgical
oncology

► radiologic
embolization

► pediatric oncology

Abstract Introduction The use of interventional radiology (IR) in the treatment of pediatric
solid tumors has markedly increased over the last three decades. However, data on
effectiveness of IR-techniques, such as embolization/ablation, are scarce. In this
systematic review and meta-analysis, we examined the outcomes of IR-procedures
in the treatment of solid tumors in children.
Materials and Methods Using a defined search strategy, we searched for studies
reporting the use of IR-techniques for pediatric solid tumors from 1980 to 2017.
Reports with less than three patients, review, and opinion articles were excluded. The
study was conducted under preferred reporting items for systematic reviews andmeta-
analyses (PRISMA) guidelines. We analyzed dichotomous and continuous variables by
appropriate statistical methods.
Results Of 567 articles screened, 21 papers met the inclusion criteria (12 retro-
spective, 7 prospective, and 2 randomized-control trials). Many of the analyzed papers
described relatively small cohorts of patients. IR-guided procedures weremainly rescue
procedures to treat primarily unresectable tumors, local recurrences, or metastases.
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Introduction

Interventional radiology (IR) is a relatively new branch of
application of imaging to guide diagnostic or therapeutic
procedures. In adults, there is a range of evidence available
on IR-guided procedures,1,2 especially on the treatment of
solid tumors, while in children there are limited applica-
tions described. IR-guided procedures consist in primary,
adjuvant, and neoadjuvant interventions following surgical
resection or chemotherapy. They can be divided according
to either the radiological technique used to monitor or
perform the procedure, the type of ablative energy used
to hit the tumor or the invasiveness of the method applied.3

Among the different approaches available, the two most
frequently used methods are radiofrequency ablation (RFA)
and IR-guided transarterial chemoembolization (TACE). RFA
has been widely used in children to treat benign lesions,
such as osteoid osteoma,4 and for the ablation of the
accessory conduction pathways responsible for cardiac
arrhythmia.5 In the recent years, RFA has been increasingly
enforced as curative or palliative intent for solid tumors,
either alone or in combination with systemic (immune or
chemotherapy) or locoregional therapies (radiotherapy or
chemoembolization).6 TACE is used as a local tumor control
method with chemotherapy drugs used as embolizing
agents. In pediatric patients, IR has been recently increas-
ingly applied to treat primary and metastatic pediatric
tumors localized in brain, liver, lung or kidney, or to treat
oncological nonresponsive pain.7 However, little is known
on the efficacy of IR-guided procedures in pediatric
patients. Potential advantages of IR-guided techniques
over surgical approach could be the treatment of deep
lesions with smaller tissue losses compared to resection.
Moreover, the presence of radiological guidance during the
procedure could increase accuracy and allow the detection
of any viable tumor remaining immediately after the
procedure.

In this systematic review and meta-analysis, we investi-
gated the literature to review the role of IR-guided proce-
dures in pediatric patients, with a special interest on
outcomes, including operative-related parameters, compli-
cations, and, finally, efficacy to decrease mortality and
improve tumor-free survival.

Materials and Methods

The systematic review and the meta-analysis were adhered
to the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) statement. This study was regis-
tered on international prospective register of systematic
reviews (PROSPERO) (CRD42018093996).

Systematic Review
A systematic review of the literature was done using a
defined search strategy. Two investigators (E.Z. and A.S.H.)
independently searched scientific databases, such as
PubMed, Medline, Cochrane Collaboration, Embase, and
Web of Science, using a combination of keywords, pediatric
oncology and embolization or ablation. We considered all
papers published between 1980 and 2017, as the first
applications of percutaneous intra-arterial procedures in
the children dated early in the 1980s.8 The reference lists
of potentially relevant articles were also manually searched
to identify additional eligible studies. Exclusion criteria were
articles in a language other than English, case reports,
opinion articles, and case serieswith less than three patients.
All gray literature publications (i.e., reports, theses, confer-
ence proceedings, bibliographies, commercial documenta-
tions, and official documents not published commercially)
were also excluded. For studies, reporting data that over-
lapped the article published earlier was excluded. The full
text of the potentially eligible studies was retrieved and
independently assessed for eligibility by the same two
investigators. Any disagreement between them over the
eligibility of particular studies was resolved through discus-
sion with a third author (V.M.).

Data Extraction
Data extracted from the included articles with study char-
acteristics (authors, publication year, type of the study, time
length of the study, presence of specific inclusion/exclusion
criteria or definition of success, sample size, and follow-up
period) and patient/tumor characteristics (localization and
type of tumor, age at inclusion, type of IR procedure, and
eventual additional procedures). Specific information on
outcomes, including operative time, blood losses during
surgery, mortality, two-year tumor-free survival, and

Inclusion/exclusion criteria and success definition were not specified in most reports.
Major side effects were documented in 17/286 (6%) infants, while minor side effects
were self-limiting in most patients. Six studies had a comparison between tumor
embolization (127 infants) to surgery or chemotherapy without IR-procedures (113
controls). The meta-analysis showed lower mortality (16 vs. 47%) and surgical time for
resection (206 vs. 250 m), higher 2-year tumor-free survival (82 vs. 36%), and favorable
histology in IR group (p < 0.001 for all).
Conclusion IR-guided techniques are promising in the treatment of pediatric solid
tumors. Further prospective (randomized) trials are needed to clarify efficacy.
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percentage and type of complications were collected and
analyzed.Not all outcomes were reported in each article.

Meta-Analysis
Meta-analysis was conducted with Review Manager 5.3
(RevMan 5.3) using the random-effects model to produce
risk ratio (RR) for categorical variables and mean differences
(MDs) for continuous variables, along with 95% confidence
intervals (CI). We produced I2 values to assess homogeneity.
Publication biases were assessed using the funnel plot
method.

Due to the scarcity of papers describing ablation pro-
cedures in children and the absence of studies comparing
surgery or chemotherapy alone versus ablation, we
included in the meta-analysis only papers describing
the use of IR-guided embolization as adjunct to classic
therapy (surgery/chemotherapy) versus classic therapy
alone for the treatment of pediatric solid tumors. Out-
comes measured included success rate, 2-year tumor-free
survival, treatment complications, and tumor specific
markers.

Two independent authors (E.Z. and V.M.) independently
assessed study quality using the Newcastle–Ottawa scale
(total 9 stars) and then came to a consensus for all papers
included in the meta-analysis. Studies with low risk of bias
were allocated > 7 stars, moderate risk with 4 to 6 stars, and
high risk with < 3 stars.

All data are expressed as medians and interquartile range
(IQR) unless otherwise stated. p-values of < 0.05 were con-
sidered statistically significant.

Results

Literature Research
Of 567 titles screened, 133 abstracts were analyzed, and 39
full-text articles were examined. Of these, 21 papers (451
infants) met our inclusion criteria (►Fig. 1). Of the included
articles, 12 were retrospective studies, seven prospective,
and two randomized control trials. Of these, only six papers
had a direct comparison between patients treated with IR-
embolization versus not treated with IR and could thus
subsequentially be included in the meta-analysis.

Fig. 1 Diagram of workflow in the systematic review and meta-analysis.
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Study Characteristic: Systematic Review
A total of 451 patients were included in the study (range 5–
66 depending on the paper); of those, 286 patients under-
went an IR-procedure (range 3–46). Age at inclusion ranged
from a minimum of 0 years (median 1–3 years, interquartile
range [IQR] 0–325) to a maximum of 18 years (median
12 years, IQR 475–1,525). Mean duration of follow-up was
395 months (range 2–156).

A total of 259 tumors were treated overall with IR,
mainly located in liver (15 papers), lungs (6), kidneys (5),
brain (1), and soft tissues (2). Tumor type was mainly
hepatoblastoma (12 papers), hepatocellular carcinoma (4),
nephroblastoma (4), osteosarcoma (1),and others (four). In
18 studies IR was used to treat primary tumors, while in 9
studies was used to treat either metastatic or recurrent
disease.

Only 10 papers out of 21 reported specifying inclusion
criteria (►Table 1), and only three specify exclusion criteria.
Included criteria were most commonly dimension and unre-
sectability of the tumor, presence of stable haematological
parameters (platelet and neutrophils count, creatinine), and
absence of involvement of other organs (encephalitis,
nodules or vascular involvement). Preinterventional biopsy

was performed in 12 cases, in 1 specifically not, not men-
tioned in the others.

A total of 329 procedures were performed (range, 5–66
depending on the paper), four papers describe thermal abla-
tion (3 by radiofrequency and 1 by cryoablation), and 17
chemoembolization. In nine papers, IR was used as primary
procedure to treat the tumor, while in 16, it was used as a
rescue procedure for either unresectable tumors or relapse of
preexisting disease.

In eight papers, IR was described as adjuvant therapy
before surgery, in four, was described as rescue procedure
following either surgery or chemotherapy, and in five, a
combination of the two.

Five papers did not report the presence and number of
complications; among the others, 17 patients were found to
have major complications, mainly bone marrow suppression
(7), embolism (3), pneumothorax (1), hemiparesis (1), cardi-
otoxicity (1), sepsis (1), gastric ulcer (1), and rib deformations
(2), with an overall calculated risk of major complications of
less than 6%. Seven papers reported no major complications.
136 patients were reported to have minor complications
related to the procedure, mainly postablation syndrome
(pain, fever, and weakness).

Table 1 Indications for IR-guided procedures

Author Type of tumor, localization Type IR-procedure Indication to IR-procedure

Yevich et al Osteosarcoma, lung CT-thermal
ablation (RFA, CA)

Locoregional primary cancer control;
metastases limited to the lung; number
< 5 nodules; size < 2 cm; technically treatable
nodules

Tan et al Hepatoblastoma, liver and lung TACE Unresectable (both lobes affected, hepatic vein
and inferior vena cava involvement, multiple
diffuse lesions, distant metastases.)

Wang et al Hepatoblastoma, liver and lung TACE þ HIFU Hepatoblastoma confirmed at biopsy; no history
of encephalopathy; stable hematogenic
parameters; no active infection

Zhang et al Hepatoblastoma, liver TACE Hepatoblastoma stage III–IV

Zhang et al Hepatocellular carcinoma, liver RFA, TACE Unresectable (extrahepatic metastasis,
Child–Pugh C, poor general condition)

Li et al Nephroblastoma, kidney TACE Size > 10 cm; periaortic lymph nodes
involvement; inferior vena cava invasion;
distal metastasis; diffuse anaplastic histology on
preop biopsy

Xuewu et al Hepatoblastoma, liver TACE Unresectable

Ohtsuka et al Hepatoblastoma, liver TACE Patients with liver tumor; with/without distant
metastases

Malogolowkin et al Hepatoblastoma or
hepatocellular carcinoma, liver

TACE Unresectable liver tumor; age < 21 years at the
time of original diagnosis, performance status
< 2 (Karnofsky score, 70–90); life expectancy
> 2 mo; full recovery from the toxic effects of
prior therapy (neutrophil count > 1,000/mm3,
platelet count > 100,000/mm3, normal serum
creatinine, adequate liver function, normal
coagulation profile)

Han et al Hepatoblastoma, liver TACE Presence of extensive hepatic involvement with
indistinct margins; involvement of the portal
vein; involvement of adjacent organs

Abbreviations: CA, cryoablation; CT, computed tomography; RFA, radiofrequency ablation; TACE, trans-arterial chemoembolization.
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Interestingly, two papers describing the role of computed
tomography (CT)-guided radiofrequency tumor ablation
reported local complete ablation following the procedure.
In these reports, RFA was performed as palliative approach
formetastatic pulmonary tumor in osteosarcoma9 or various
localizations (lung, liver, and bone)with nonspecific primary
tumor (osteosarcoma, nephroblastoma, hepatoblastoma,
and others)10 and in both cases the authors report on
absence of local recurrence following IR-guided procedure.
We evaluated success according to percentage of reduction of
the tumor and classified response as poor or good based on a
reduction of less or more than 40%, respectively. The
included papers reported wide range of success rate with
about a quarter of the patients defined as good responders
and the same amount defined as partially responders. Com-
plete ablation was reported from 0 to 80% of patients with a
reduction in the size of the tumor from1 to 86%.

Meta-Analysis
Before analyzing the data, study quality was assessed using
the Newcastle–Ottawa scale for cohort studies. In general,
the quality of the studies included in the meta-analysis was
rather satisfactory, with only two studies at medium risk of
bias (4 stars) and all the others with low risk (7–8 stars each).

The most important methodological weakness, common
to the two studies that received a low score, was noncompar-
ability of the study group to controls; the control group was
constituted of patients with primary resectable tumor while
patients in the study group hadmainly unresectable tumors.
The follow-up time varied between studies being generally
around two years. However, some studies did not report
follow-up data on both of the groups.11,12 Even with the just
mentioned limitations, we proceeded to the meta-analysis

including only the papers inwhich a precise extrapolation of
the data was possible.

Six studies (240 patients, 127 treated with embolization)
reported data on mortality (►Fig. 2). There was a significant
difference in the mortality between the study groups: hepatic
tumors treatedwith IR had amortality of 42.86% compared to
70.59% for controls (p ¼ 0.05); renal tumors had amortality of
5.43% in IR group compared to 72.42% for controls (p < 0.005).
The overall mortality was 15.75% in the IR group compared to
46.90% in the controls (OR ¼ 0.20; 95% CI ¼ 0.09–0.46;
p < 0.005). Furthermore, there was significant homogeneity
between the studies (I2 ¼ 0%; p ¼ 0.97).

However, only three studies on renal tumors reported the
2-year tumor-free survival and were thus included for the
subsequent analysis (►Fig. 3). The 2-year tumor-free survi-
val was significantly lower in control group compared to IR
(p < 0.005), even though heterogeneity between the studies
was slightly significant (I2 ¼ 69%; p ¼ 0.04).

The effect of IR-procedure on operative time was evalu-
ated in two studies.13,14 Although one paper did detect
significant reduction in operative time following TACE, the
two studies were highly heterogeneous in respect of this
parameter (I2 ¼ 90%; p ¼ 0.001), with an overall surgical
time not significantly different between the two groups
(p ¼ 0.25, ►Fig. 4).

Further comparative evaluations included histological
assessment such as tumor cell degeneration and capsule
thickening (►Fig. 5). Tumor cell degeneration is usually
classifiedwith an index ranging fromX1 (tumor cells actively
undergoing mitosis) to X4 (tumor cells completely absent,
tissue demonstrates scarring andcalcifications).15 In the
included studies, the presence of cells at X3 or X4 grade,
majority or totality of tumor cells are necrotic, ruptured,

Fig. 2 Forest plot comparison of mortality in infants with hepatic tumors and renal tumors treated with IR-procedures versus surgery/
chemotherapy/radiotherapy only. IR, interventional radiology.
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andno longer visible, was higher in the IR-group (p < 0.005).
Similarly, tumor capsule thickness over 3 mm was signifi-
cantly higher in the IR-group (p < 0.005). Both evaluations
are homogeneous with an overall I2 ¼ 54; 6%; and p ¼ 0.14.

Discussion

Interventional radiology has an increasingly important role in
both the diagnosis andmanagement of pediatric solid tumors.
IR-guided procedures are usually included in the treatment
algorithmat thesamelevel asmoreaggressive techniques such
as surgical resection16 are often offered as an alternative in
patientswho are not good candidates for resection due to high

surgical riskor advanceddisease. In this systematic reviewand
meta-analysis, we reviewed the role of IR-guided procedures
in pediatric oncology with a special interest on outcomes.

Local tumor ablation can be carried out with either the
insertion of a probe directly within the neoplastic tissue, the
delivery of substances through the vascular system or extra-
corporeal percutaneous focused treatments.17

Image-guided placement of probes can be used to ablate
primaryandmetastatic tumorsof liver, lung, kidney, bone, and
others.18 In current clinical practice, tumor ablation through
probe insertion can be divided, depending on the mechanism
it uses to cause injury, into thermal therapies, chemical
ablative techniques, and irreversible electroporation. Thermal

Fig. 3 Forest plot comparison of the 2-year tumor-free survival in infants treated with IR-procedures versus surgery/chemotherapy/
radiotherapy only. IR, interventional radiology.

Fig. 4 Forest plot comparison of the surgical time for tumor resection in infants treated with IR-procedures versus surgery/chemotherapy/
radiotherapy only. IR, interventional radiology.

Fig. 5 Forest plot comparison of histological characteristics (X3–X4 degeneration and capsule thickening) in pediatric patients treated with IR-
procedures versus surgery/chemotherapy/radiotherapy only. IR, interventional radiology.
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ablation is most frequently performed with radiofrequency,
microwavesor interstitial laser thermotherapyand itheats the
region of interest above a critical temperature to achieve cell
death. Besides, thermal ablation could also be applied in
cryoablation that, on the contrary, freezes the tumor. Chemical
ablative techniques are typified by percutaneous ethanol
injection, while irreversible electroporation alters the electri-
cal conductivity and permeability of the cell membrane by
means of high-voltage pulses, causing both cellular disruption
and thermal damage.19 Among all those above mentioned
techniques, the ones that are most commonly used in clinical
setting are ablation, radiofrequency or laser, and transarterial
chemoembolization.

RFAusehas grown tremendously in the treatment of adult
malignancies but has still quite few applications in pedia-
trics. Good indications could be the presence of deep lesions,
with an expected difficulty in surgical removal, or the
necessity of organ sparing procedures for significant tissue
losses. How children adapt to heat deposition induced by
ablation is still unknown; heating a large tumor in a small
child raises the hypothetical possibility of dangerous
hyperthermia as well as cryotherapy could induce hypother-
mia.20 Further, studies should address those specific aspects,
in the meantime, measures to combat overheating/cooling
by using external body coolers/heater during the proce-
dure.21 Other complications of RFA potentially include
damage to neighboring organs or induction of tumor lysis
syndrome, including fever, nausea, pain, and fatigue.22

Recently, new technologies, such as magnetic resonance
imaging (MRI)23 and computed tomography (CT)9,10 has
been applied to IR-guided procedure to increase accuracy
in targeting the lesion and thus also reducing the risk of
damaging the healthy organ. These first reports focus on
relatively small cohort of either primarily metastatic tumors
or tumors with a deep localization. Unfortunately, due to the
absence of a control group in all reports, a true comparison
and thus inclusion in the metanalysis was not feasible, but
the reported efficacy with high tumor/recurrence free sur-
vival is promising andworth further studies in this direction.

The treatment of hepatic tumors and among them hepa-
toblastoma, the most common malignant liver neoplasm in
children, is still a matter of debate. Although surgical resec-
tion is the mainstay of curative therapy, only one-third to
one-half of newly diagnosed patients have resectable disease
at presentation often due to presence of metastatic or multi-
focal disease or the proximity tomajor vascular structures.24

In nonresectable cases, chemotherapy has a crucial role in
rendering the tumors amenable to surgical resection and has
progressively led to improved prognosis and survival.25 In an
attempt to improve survival and reduce comorbidities
related to systemic chemotherapy, highly practical, targeted,
and effective alternatives have been recently applied to
pediatric population, including TACE,26–29 percutaneous
ablation therapy techniques, like RFA or percutaneous etha-
nol injection (PEI), and high-intensity focused ultrasound
(HIFU) ablation, an extracorporeal treatment that can cause
complete coagulation, necrosis of large lesions without
surgical exposure or insertion of instruments.30

Preoperative chemoembolization combined with short-
term systematic chemotherapy has been proposed as valu-
able for reducing operative time, increase resection rate of
the tumor, and ameliorate prognosis.12,31 In this meta-
analysis, hepatic tumors treated with IR had a significant
lower mortality (43%) compared to control groups (71%)
when IR was not used.

These findings are possibly due to induction of tumor cell
necrosis, degeneration and apoptosis, boost of interstitial
fibrous tissue hyperplasia, and lymphocyte infiltration14

related to the cytotoxic effects of the chemotherapeutic
drugs, antitumor effect of the embolic drugs, ischemia, and
anoxia caused by embolism.32 In our meta-nalysis, tumors in
the IR-group had both increased interstitial fibrosis and
increased capsule thickness. We speculate that these find-
ings could potentially have the benefit on preventing tumor
rupture and limiting tumor cell dissemination during surgi-
cal resection. Unfortunately, so far, the clinical application of
these new technologies is limited, but some reports highlight
that used alone or in combination they can achieve a better
outcome in terms of tumor-free survival33 and large-scale
clinical trials are desirable to investigate whether the com-
bined therapy may become a conventional treatment for
children with hepatoblastoma.

Another good indication for IR-guided procedures could
be metastatic lung localization in osteosarcomas, rhabdo-
myosarcomas, Wilms' tumor, and hepatoblastomas,17 espe-
cially in the setting of palliative care.34 Due to the particular
location within the rib cage and the presence of multiple
lesions in the same patient, the treatment of choice for this
type of lesions has been so far radiofrequency ablation, often
CT-guided.9,10 Finally, angioembolization has been applied
in the management of selected patients with nephroblas-
toma, neuroblastoma, paraganglioma, osteosarcoma, and
sarcoma35 as valuable alternative in case of unresectability
or when the conventional therapies had failed as well as
magnetic resonance–guided laser interstitial thermal ther-
apy for brain tumors.23

In this metanalysis, renal tumors mortality was highly
reduced (5.43%) in IR group compared to control group
(72%) in which IR was not used, highlighting the possible
usefulness of these procedures as adjunct to conventional
therapies.

Limitations

There are some limitations in the current study. From a
qualitative point of view, many published cases are poorly
described, in terms of both the technical aspects of the
procedures and clinical outcomes, whichmake themdifficult
to compare and to drive conclusions. Moreover, most reports
describe treatment with palliative intent in patients that in
many cases have failed to respond to other available thera-
pies. This selection for poor candidates may contribute to a
failure to achieve similar results to those already reported in
adults. In pediatrics, these results should be evaluated with
caution, as treatment modality, drug doses, and type as well
as surgical indications are continuously reassessed and
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optimized. Moreover, specific value of IR-procedures is hard
to determine as currently those are used mainly in combina-
tion with gold standard chemotherapy/surgical approach or
whenever those first line approaches are not exploitable.
Lastly, a proper meta-analysis is achievable only between
patients treated with chemoembolization, since reported
cases on ablation are scarce. Because pediatric cancer is
relatively rare and indications for ablative therapies are
few, the onlyway to evaluate individualmodalities in specific
clinical situations will be to develop multicenter interna-
tional studies.

To summarize, basedon the literature reviewand themeta-
analysis, preoperative chemoembolization procedures under-
going subsequently surgical resection showed lowermortality
and surgical time compared to the classic treatment (neoad-
juvant chemotherapy and/or surgery), higher 2-year tumor-
free survival, andbetter histological parameters (p < 0.001 for
all) suggesting that IR guided therapies are promising in the
field of pediatric solid tumors. However, the data are limited,
highlighting the need for future prospective studies.

Conclusion

IR-guided procedures and preoperative chemoembolization
in particular, are feasible and promising treatments for
certain pediatric tumors and seems to be associated with
lower mortality and better outcomes compared to surgery or
chemotherapy alone. However, according to the data we
extrapolated, the quality of evidence from the analyzed
literature is suboptimal. Specific prospective trials focusing
on IR in pediatric solid tumor oncology are essential to
overcome limitations of the current literature and clarify
efficacy, especially in early-stage tumors.
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